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Venue: The Hilton Embassy Suites Boulder 
2601 Canyon Blvd, Boulder, CO 

 

 
 
 

• Talks and announcements will take place in the hotel's Pearl Street Ballroom 
(ground level).   

• Coffee breaks will be served outside the ballroom. 
• Poster sessions will take place outside the ballroom. 
• Conference participants will have free wifi access within the conference area 

using the Network: Hilton Honors -- Meeting 
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Special Session: Variation in the Mechanisms of 
Human Language Processing 

 
For three decades, the CUNY Human Sentence Processing conference has provided 
an essential forum for psycholinguistic research. Although research from the CUNY 
Conference community has produced numerous fundamental advances, the picture of 
human language processing that emerges is potentially skewed by a focus on the 
language processing of typically developing, college-aged native speakers, who 
comprise the participant pools in most researchers’ experiments. The special session 
at CUNY 2019 will highlight research that expands our purview beyond this “typical” 
population and acknowledges variation in the mechanisms of language processing 
across the human population. 

Key questions raised in the special session will include: 

1. How language learning and processing is impacted by congenitally atypical 
cognitive or perceptual abilities (e.g., deafness or blindness) 

2. How language processing mechanisms change across the lifespan as the brain 
develops and ages 

3. What sorts of individual differences in language processing occur within the 
typically developing population.   

Six distinguished invited speakers will present their research in these areas. 
Additionally, submissions for presentation are encouraged from researchers 
investigating variation in language processing, broadly construed and not restricted to 
the specific topics represented by the invited speakers.  

The special session aims to foster cross-pollination among research paradigms. We 
anticipate that many psycholinguists will gain valuable insights from exposure to the 
phenomena and methods highlighted by researchers studying variation. Conversely, 
current sentence processing research has much to offer to those who study language 
abilities in populations that differ from the one traditionally studied, including children, 
older people, people from diverse levels of socioeconomic backgrounds, and various 
cognitively atypical groups of people.  

Critically, the study of individual and group differences in language processing is 
entirely consonant with the goals of those who search for universals of language and 
language processing. The commitment underlying this session is that better 
understanding of systematic variation in language processing will illuminate what is 
universal. 
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Invited Speakers 
 

Dr. Marina Bedny, Johns Hopkins University 
Dr. Marina Bedny is an assistant professor in the 
Department of Psychological & Brain Sciences at Johns 
Hopkins University. She examines the role of 
developmental experience in structuring concepts of 
events, objects, and mental states by comparing the 
minds and brains of people with different developmental 
experiences. She also studies cortical plasticity, 
specifically examining the cognitive functions that are 
supported by the occipital cortex in blind people.  
 
 
 
 
Dr. Karen Emmorey, San Diego State University 
Dr. Karen Emmorey is a professor in the School of 
Speech, Language, and Hearing Sciences at San Diego 
State University. She is also the Director for the 
Laboratory for Language & Cognitive Neuroscience. Her 
research focuses on what sign languages can reveal 
about the nature of human language, cognition, and the 
brain. She also investigates the neural correlates of 
language and nonlinguistic cognitive functions using 
fMRI and PET. 
 
 
 

 
Dr. Barbara Landau, Johns Hopkins University 
Dr. Barbara Landau is the Dick and Lydia Todd Professor 
of Cognitive Science at Johns Hopkins University. Her 
research examines the relationship between language 
and space in children and adults. In order to examine the 
relationships between language and other conceptual 
domains such as perception and space, some of her 
other research interests include examining unusual cases 
of development, such as studies of congenitally blind 
children, studies of people with Williams syndrome, and 
studies of spatial representation in individuals who have 
sustained perinatal stroke. 
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Dr. Laurence Leonard, Purdue University 
Dr. Laurence Leonard is the Rachel E. Stark 
Distinguished Professor in the Department of Speech, 
Language, and Hearing Sciences at Purdue University. 
He is also the Director of the Child Language 
Laboratory. Leonard's current research explores 
procedures that facilitate children's word learning and 
retention. Some of his other research includes 
examining characteristics of adults' linguistic input that 
might be misinterpreted by children with specific 
language impairment, leading them to produce many of 
the grammatical errors frequently documented for this 
children.  
 
 
Dr. Bob McMurray, University of Iowa 
Dr. Bob McMurray is a Professor in the Department of 
Psychological and Brain Sciences at the University of 
Iowa and is the director of the MACLab. He studies on-
line spoken word recognition and speech perception in 
typical adults and in people with language impairment 
and cochlear implants. He also studies the development 
of speech perception and word learning in infants and 
children. In order to address some of these research 
questions, his methods include eye tracking, cognitive 
neuroscience techniques, and computational modeling.  
 
 

 
Dr. Elizabeth Stine-Morrow, University of Illinois at 
Urbana-Champaign 
Dr. Elizabeth Stine-Morrow is a Professor in the 
department of Educational Psychology at the University 
of Illinois at Urbana-Champaign. Her research focuses 
on the multifaceted nature of adult development and 
aging, and in particular, how cognition and intellectual 
capacities are optimized over the adult life span. She 
has examined how self-regulated adaptations, such 
as selective allocation of attentional resources, reliance 
on knowledge-based processes, and others, engender 

positive development in adulthood. Much of this research has focused on the 
important role of literacy and the processes through which effective reading is 
maintained into late life.  
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Program Overview 
 

Friday, March 29 
7:30 - 11:00 AM Registration in the Foyer outside of 

Settler’s Park/The Mall 
8:40 - 9:00 AM Introductory Session 
9:00 - 10:35 AM Talk Session 1 
10:35 - 10:50 AM Coffee Break 
10:50 - 12:30 PM Talk Session 2 
12:30 - 1:50 PM Lunch Break 
1:50 - 2:40 PM Talk Session 3 
2:40 - 2:55 PM Coffee Break 
2:55 - 4:30 PM Talk Session 4 
4:30 - 6:30 PM Poster Session A & Reception 

Saturday March 30 
8:15 - 10:00 AM Poster Session B + Coffee 
10:00 - 12:00 PM Talk Session 5 
12:00 - 1:20 PM Lunch Break 
1:20 - 2:55 PM Talk Session 6 
2:55 - 4:40 PM Poster Session C + Coffee & 

Snacks 
4:40 - 6:20 PM Talk Session 7 
6:30 - 8:30 PM Dairy Center Party 

Sunday March 31 
9:00 - 10:35 AM Talk Session 8 
10:35 - 10:50 AM Coffee Break 
10:50 AM - 12:05 
PM 

Talk Session 9 

12:05 - 2:00 PM Poster Session D + Boxed Lunches 
served 

2:00 - 2:10 PM Announcements 
2:10 - 3:20 PM Talk Session 10 
3:20 - 3:35 PM Coffee Break 
3:35 - 4:50 PM Talk Session 11 
TBA End of Conference Activity (TBA) 
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Detailed Program – Friday, March 29 (Day 1) 
8:40-9:00 AM Introductory Remarks 

Talk Session 1, 9:00 - 10:35 AM, Friday (Day 1)  
Chair: Edith Kaan 

9:00 - 9:45am: The neurobiology of reading in deaf and hearing adults - Karen 
Emmorey (invited speaker) 

9:45 - 10:10am: Do late first-language learners of ASL rely on word order to 
comprehend simple sentences - Qi Cheng and Rachel Mayberry 
10:10 - 10:35am: Revisiting a critical period for syntax in a second language: New 
analyses provide the same results - Tianhu Chen and Joshua K. Hartshorne 

10:35-10:50 AM Coffee Break 
Talk Session 2, 10:50 AM - 12:30 PM, Friday (Day 1) 

Chair: Elsi Kaiser 
10:50am - 11:15am: Structure before content: long-distance dependency in sentence 
production- Shota Momma, Masaya Yoshida and Victor Ferreira 

11:15 - 11:40am: Number attraction effects in production: errors and speech rate 
profiles narrow a production-comprehension contrast - Margaret Kandel, Cassidy 
Wyatt, Lalitha Balachandran and Colin Phillips 
11:40 - 12:05pm: Remember 'him', forget 'her': Gender bias in the comprehension of 
pronominal referents - Veronica Boyce, Titus von der Malsburg, Till Poppels and Roger 
Levy 
12:05 - 12:30pm: Sentence-planning strategies in adults who stutter: An eye-tracking 
study- Kerianna Frederick and Yi Ting Huang 

12:30-1:50 PM Lunch Break 
Talk Session 3, 1:50 - 2:40 PM, Friday (Day 1) 

Chair: Adele Goldberg 
1:50 - 2:15pm: Testing processing explanations of word order universals - Michael 
Hahn and Richard Futrell 

2:15 - 2:40pm: Crosslinguistic word orders enable an efficient tradeoff of memory and 
surprisal- Michael Hahn, Judith Degen and Richard Futrell 

2:40-2:55 PM  Coffee Break 
Talk Session 4, 2:55 - 4:30 PM, Friday (Day 1) 

Chair: Peter Gordon 
2:55 - 3:40pm: Language Processing is Both Incremental and Segmental – and the 
Balance May Shift with Aging - Elizabeth Stine-Morrow (invited speaker) 
3:40 - 4:05pm: Reference and perspective taking across the adult lifespan - Raheleh 
Saryazdi and Craig Chambers 

4:05 - 4:30pm: When is declarative memory necessary for audience design? Evidence 
from amnesia - Si On Yoon, Melissa Duff and Sarah Brown-Schmidt 

4:30 - 6:30 PM  Poster Session A & Reception 
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Detailed Program – Saturday, March 30 (Day 2) 
8:15 - 10:00 AM Poster Session B & Coffee 

Talk Session 5, 10:00 AM - 12:00 PM, Saturday (Day 2) 
Chair: Adrian Staub 

10:00 - 10:45am: Atypical Grammatical Profiles in Children Can Arise from an 
Interaction between Weak Language Aptitude and Typical Language Input - Laurence 
Leonard (invited speaker) 
10:45 - 11:10am: Certain ungrammaticality or uncertain grammaticality: Deciding 
between frequent errors and infrequent grammatical structures - Maayan Keshev and 
Aya Meltzer-Asscher 

11:10 - 11:35am: Online parsing strategies are influenced by verb-specific and 
language-general biases - Zoe Ovans, Kathleen Oppenheimer and Yi Ting Huang  

11:35 - 12:00pm: Selective effects of cognitive control on the P600: Evidence from a 
large-scale individual differences study - Trevor Brothers, Eddie Wlotko, Lena Warnke, 
Edward Alexander, Lin Wang, Maria Luiza and Gina Kuperberg 

12:00 - 1:20 PM Lunch Break 
Talk Session 6, 1:20 - 2:55 PM, Saturday (Day 2) 

Chair: Matt Lowder 

1:20 - 2:05pm: The dynamics of recognizing words in people with language and 
hearing impairments: Revealing mechanisms of disordered language; pushing the 
boundaries of basic theory - Bob McMurray (invited speaker) 

2:05 - 2:30pm: That was a question?: Accommodating variability in intonation 
interpretations- Andrés Buxó-Lugo and Chigusa Kurumada 

2:30 - 2:55pm: Verbatim memory for surface features: Evidence from stress 
shift - Jennifer Bellik and Tom Roberts 

2:55 - 4:40 PM  Poster Session C & Coffee 
Session 7, 4:40 - 6:20 PM, Saturday (Day 2) 

Chair: Jared Novick 

4:40 - 5:05pm: Lexical access in comprehension vs. production: Spatiotemporal 
localization of semantic facilitation and interference - Julien Dirani and Liina Pylkkanen 

5:05 - 5:30pm: Lexical Selection by Competition in Word Production: Evidence from 
New Paradigms - Mark Koranda and Maryellen MacDonald 

5:30 - 5:55pm: Ambiguity avoidance independent of non-linguistic similarity - Kumiko 
Fukumura, Sandra Villata, Francesca Foppolo, Celine Pozniak, Maria Nella Carminati and F.-
Xavier Alario 

5:55 - 6:20pm: Effects of semantic similarity on referring expression production 
in Mandarin Chinese -Yangzi Zhou, Holly Branigan and Martin Pickering 
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Detailed Program – Sunday, March 31, (Day 3) 
Talk Session 8, 9:00 - 10:35 AM, Sunday (Day 3) 

Chair: Jennifer Arnold 
9:00 - 9:45am: Is language spared in Williams syndrome? Developmental timing as a 
lens -Barbara Landau (invited speaker) 

9:45 - 10:10am: Discourse Effects on the Source-Goal Asymmetry - Monica Do, Anna 
Papafragou and John Trueswell 

10:10 - 10:35am: Prediction supports infants' language processing and language 
development- Tracy Reuter, Casey Lew-Williams and Lauren Emberson 

10:35 - 10:50 AM Coffee Break 
Talk Session 9, 10:50 AM - 12:05 PM, Sunday (Day 3) 

Chair: Les Sikos 
10:50 - 11:15am: A probabilistic account of VPE interpretation in context - Jeffrey 
Geiger and Ming Xiang 

11:15 - 11:40am: The mental representation of universal quantifiers: evidence from 
verification- Tyler Knowlton, Paul Pietroski, Justin Halberda and Jeffrey Lidz 

11:40am - 12:05pm: Delayed attachment commitments for parenthetical relative 
clauses: An eye-tracking study - Marju Kaps, Alexandra Lawn and Jesse Harris 

12:05 - 2:00 PM Poster Session D + Boxed lunches served 
2:00 - 2:10 PM Announcements 

Talk Session 10, 2:10 - 3:20 PM, Sunday (Day 3) 
Chair:  Lee Osterhout 

2:10 - 2:55pm: Contributions of experience to the mind and brain: insights from 
studies of language in blindness - Marina Bedny (Invited Speaker) 

2:55 - 3:20pm: Semantic projection: Recovering human knowledge of multiple, 
distinct object properties from natural word collocations - Gabriel Grand, Idan Blank, 
Francisco Pereira and Evelina Fedorenko 

3:20 - 3:55 PM Coffee Break 
Talk Session 11, 3:35 - 4:50 PM, Sunday (Day 3) 

Chair: Wing-Yee Chow 
3:35 - 4:00pm: Harry Potter and the language-knowledge interface: ERPs reveal 
retrieval of domain and specific knowledge during reading - Melissa Troyer and Marta 
Kutas 

4:00 - 4:25pm: Capturing continuous effects of context during naturalistic story 
reading- Shannon McKnight and Albert Kim 

4:25 - 4:50pm: Predictive pre-updating: Converging evidence from electrophysiology 
and eye-blink rate - Tal Ness and Aya Meltzer-Asscher 
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Poster Session A- Friday, March 29 
 

Locations: 

• East & West End Rooms: posters #A1-A41 

• The Ballroom: posters #A42-A64 

• Pre-Function Area: posters #A65-A80 

 
Poster Session A Friday (Day 1) 4:30 - 6:30 PM 

A1 When does repair occur? Nathaniel Paley and Eliyahu 
Spivack 

A2 When is irony influenced by communicative 
constraints? ERP evidence supporting 
interactive models 

Sendy Caffarra, Arman M. 
Haeri, Elissa Michell and Clara 
D. Martin 

A3 The semantics-pragmatics of typographic 
emphasis in discourse 

Jefferson Maia and Robin 
Morris 

A4 Distributional regularity of suffixes facilitates 
acquisition of gender: Eye-tracking evidence 
from two closely related languages 

Tanya Ivanova-Sullivan, Irina 
Sekerina, Glenn Stark and 
Lidiya Tornyova 

A5 The Role of Tagalog Voice Information on 
Sentential Argument Order in Production and 
Gaze Patterns in Comprehension 

Ivan Paul Bondoc and Amy 
Schafer 

A6 A large-scale deconvolutional study of 
predictability and frequency effects in 
naturalistic reading 

Cory Shain 

A7 Prosodic effects on attachment in Brazilian 
Portuguese 

Aline Fonseca, Katy Carlson 
and Andressa Silva 

A8 The dynamic generalized linear mixed effect 
model: Modeling intensive binary time-series 
data from the visual-world eye-tracking 
paradigm with GLMM with crossed random 
effects 

Sarah Brown-Schmidt and Sun 
Joo Cho 

A9 24-month-olds (and adults) exploit negative 
sentences to constrain their interpretation of 
novel word meanings 

Alex de Carvalho, Cécile 
Crimon, Anne Christophe and 
John Trueswell 

A10 Implicit causality: A comparison between 
English and Vietnamese verbs 

Binh Ngo and Elsi Kaiser 
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A11 Syntactic adaptation following short-term 
experience: neural correlates and relationship 
to cognitive control 

Kelly Sharer and Malathi 
Thothathiri 

A12 Resting State Power Predicts Cognitive 
Control and Language Abilities 

Suzanne Jongman 

A13 Factive and manner-of-speaking islands are 
an artifact of nonlinearity in the acceptability 
judgment task 

Yingtong Liu, Rachel Ryskin, 
Richard Futrell and Edward 
Gibson 

A14 Referential efficiency across adulthood: 
communicative strategies and cognitive 
control 

Madeleine R. Long, Hannah 
Rohde, Michelle Oraa Ali and 
Paula Rubio-Fernandez 

A15 Referential predictability and topicality 
diverge in implicit causality 

Shuang Guan and Jennifer 
Arnold 

A16 Can garden path effects be reduced to 
predictability? 

Marten van Schijndel and Tal 
Linzen 

A17 Ambiguous word recognition in sentence 
contexts by L2 speakers 

Essa Batel 

A18 Lexical prediction and the processing of 
argument structure in English psych verbs 

Russell Simonsen and Dustin 
Chacón 

A19 One star, two star, red star, blue star: 
Subsequent memory reveals both lexical and 
discourse influences on prosodic reduction 

Rachel Peters and Scott 
Fraundorf 

A20 Prediction or processing burden? --The 
online comprehension of the classifier-noun 
pair in Mandarin Chinese 

Yuhan Zhang and Peng Zhou 

A21 The Effect of Context on Local Syntactic 
Coherence Processing 

Hanno M. Müller and Lars 
Konieczny 

A22 Verb phrase ellipsis avoids troughs in the ID 
profile: An information-theoretic account to 
VPE based on evidence from rating and 
reading time data 

Lisa Schäfer, Robin Lemke, 
Heiner Drenhaus and Ingo 
Reich 

A23 If you don’t have anything nice (or interesting) 
to say, don’t say anything at all 

Hannah Rohde and Michael 
Franke 

A24 Distant relatives: Resumptive pronouns can 
inherit agreement features of implied 
antecedents 

Maayan Keshev and Aya 
Meltzer-Asscher 

A25 Processing referential expressions in German 
Sign Language: The effect of overt 
localization 

Anne Wienholz, Derya 
Nuhbalaoglu, Markus 
Steinbach, Annika Herrmann 
and Nivedita Mani 
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A27 Co-speech movement behavior at floor 
exchanges and interruptions 

Samantha Gordon Danner, 
Jelena Krivokapic and Dani 
Byrd 

A28 Priming at a distance: phonology as a 
passenger in retrieval 

Austin Kraft and Dustin Chacón 

A29 Variability in language input: Effects on the 
robustness of novel word representations 

Michelle K. Tulloch and Marieke 
van Heugten 

A30 The structural signalling effect of filled 
pauses during reading 

Ralph Rose 

A31 Anaphora resolution by Japanese learners of 
English: Constrained by syntax and 
semantics 

Michael Mansbridge and 
Katsuo Tamaoka 

A32 Testing error-based learning models of 
structural priming: Context and tense bias 
effects 

Roger van Gompel 

A33 Resolution of ambiguous relative clauses of 
Turkish L2 speakers of Japanese 

CHUNHUA BAI and Yuki Hirose 

A34 Not necessarily first language “attrition”: on-
line reflexive processing among Mandarin-
English late bilingual speakers 

Wenjia Cai 

A35 ERP evidence for long-distance lexical 
predictions in German particle verb 
constructions 

Kate Stone, Shravan Vasishth 
and Titus von der Malsburg 

A36 Gestures evoke large, but not small, plural 
set sizes 

Madeline M. Nicol and Nikole 
Patson 

A37 Grammaticized resumption in sentence 
processing: Disrupting rather than facilitating 

Maayan Keshev, Mor Ovadia, 
Hila Davidovich and Aya 
Meltzer-Asscher 

A38 Agreement attraction effects in the 
comprehension of grammatical sentences 

Anna Laurinavichyute and Titus 
von der Malsburg 

A39 Toward a Process-Memory Account of Non-
native Sentence Processing 

Laurent Dekydtspotter, A. Kate 
Miller, Mike Iverson, Yanyu 
Xiong, Kyle Swanson and 
Charlène Gilbert 

A40 Individual differences in second language 
learning via syntactic priming: examining 
proficiency, attention and motivation 

Marion Coumel, Katherine 
Messenger and Ema Ushioda 
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A41 Quantifiers, Restrictors, and Illusory NPI 
Licensing 

Luis Hildebrandt-Belmont and 
E. Matthew Husband 

A42 Online processing and interpretation of verb 
phrase ellipsis 

Kathleen Hall and Masaya 
Yoshida 

A43 The approximate number sense bootstraps 
scalar implicature of comparatively modified 
numerals in impoverished contexts 

Christoph Hesse 

A44 Evidence for shared conceptual structure for 
psychological and physical events 

Jayden Ziegler, Annie Chai and 
Jesse Snedeker 

A45 When circumstances change, update your 
pronouns. 

Joshua Hartshorne, Mariela 
Jennings, Tobias Gerstenberg 
and Joshua Tenenbaum 

A46 Input Modality Effect on L2 Lexical Recall 
and Recognition 

Jeonghwa Shin 

A47 Reevaluating Pragmatic Reasoning in Online 
Language Games 

Les Sikos, Noortje Venhuizen, 
Heiner Drenhaus and Matthew 
Crocker 

A48 Korean Verb Prediction in sentence 
comprehension 

Sea Hee Choi, Nayoung Kim, 
James Yoon and Kiel 
Christianson 

A49 Not all wug-tests are created equal: 
Cognitive load impairs access to the 
phonological grammar 

Claire Moore-Cantwell and 
Dave Kush 

A50 Words Take Time: Auditory Stimuli and 
Strategic Processing in Semantic Priming 

Yosiane White 

A51 Relative clause processing in a flexible word 
order language: Evidence from Hungarian 

Eszter Ronai and Ming Xiang 

A52 Pragmatically (ir)rational: loss aversion bias in 
L2 speakers of English 

Zoe Schlueter, Chris Cummins 
and Antonella Sorace 

A53 Covert Structure and Zero Morphology in 
Sentence Processing 

Alexandra Krauska and Masaya 
Yoshida 

A54 Processing causatives in naturalistic data Guanghao You, Moritz Daum 
and Sabine Stoll 

A55 How much does verb semantics determine 
verb syntax? 

Mariela Jennings, Martha 
Palmer and Joshua Hartshorne 

A56 Comprehension of agreement mismatch 
errors in language transfers to non-congruent 
musical preferences 

Mythili Menon and Drew 
Colcher 
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A57 An ERP study on semantic effects on the 
processing of adjunct island violations 

Annika Kohrt and Dustin 
Chacón 

A58 Individual Differences in Word Knowledge 
and Working Memory Capacity Modulate 
Verb Bias Effects 

Kathryn Bousquet, Tamara 
Swaab and Debra Long 

A59 Can identity conditions on ellipsis be 
explained by processing principles? 

Robin Lemke, Lisa Schäfer and 
Ingo Reich 

A60 Agreement attraction in a mixed agreement 
system: Evidence from Hindi 

Sakshi Bhatia and Brian Dillon 

A61 Matrix verb transitivity acts as a cue for 
parasitic gapping in Swedish 

Damon Tutunjian and Anna-
Lena Wiklund 

A62 Linear (not logarithmic) effects of lexical 
predictability: A challenge to surprisal theory 

Trevor Brothers and Gina 
Kuperberg 

A63 Linguistic focus as predictive attention 
allocation 

Shayne Sloggett, Amanda 
Rysling and Adrian Staub 

A64 Individual strategies for resolving lexical and 
prosodic cues to certainty 

Marie-Catherine de Marneffe, 
Miranda Dickerman, Micha 
Elsner and Shari Speer 

A65 A cross-sectional study of non-native 
Spanish sentence processing 

Russell Simonsen and Dustin 
Chacón 

A66 Contrastive effects with color, material and 
scalar adjectives in English, Hindi and 
Hungarian 

Paula Rubio-Fernández and 
Julian Jara-Ettinger 

A67 Multiple grammars for singular they Sadie Camilliere, Amanda Izes, 
Olivia Leventhal and Daniel 
Grodner 

A68 Large neural network language models learn 
representations of incremental parse states 

Richard Futrell, Ethan Wilcox, 
Takashi Morita, Peng Qian, 
Miguel Ballesteros and Roger 
Levy 

A69 A case study of long-distance dependencies 
in Korean with wh-scope 

So Young Lee 

A70 Developmental parsing across SES: Trade-
offs between cue reliability and input quantity 

Yi Ting Huang, Kathleen 
Oppenheimer and Zoe Ovans 

A71 L1 acquisition of polarity sensitivity: The case 
of "either" and "too" 

Naomi Francis, Leo Rosenstein 
and Martin Hackl 

A72 How Interaction affects (Un)certainty about 
the Partners’ Perspectives 

Xiaobei Zheng, Daphna Heller, 
Suzanne Stevenson and 
Richard Breheny 
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A73 A rational model of word skipping in reading: 
ideal integration of visual and linguistic 
information 

Yunyan Duan and Klinton 
Bicknell 

A74 Language and Aging: neurocognitive 
correlates of accent processing 

Fatemeh Abdollahi and Janet 
van Hell 

A75 That project was a rollercoaster: An ERP test 
of deliberate metaphor 

Sophie Greene, Daniel Altshuler 
and Joanna Morris 

A76 Trade-offs between iconicity and structure in 
the evolution of combinatorial phonology 

Matthias Hofer and Roger Levy 

A77 ERP correlates for the meaning and structure 
of ambiguous phrases in context 

Rachel Brown, Vicky Tzuyin Lai 
and Thomas Bever 

A78 Listeners’ predictions of sentence lengths are 
categorical, not gradient 

Amanda Rysling, Charles 
Clifton, Nick Van Handel, Ria 
Geguera, Hanna Choi and Anne 
Cutler 

A79 Illusory licensing of wh-phrases in Japanese: 
A preliminary study using speeded 
acceptability judgment task 

Itsuki Minemi 

A80 The non-quantum nature of parsing the late-
closure ambiguity 

Zhiying Qian and Gary Dell 
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Poster Session B- Saturday, March 30 
 
Locations: 

• East & West End Rooms: posters #B1-B41 

• The Ballroom: posters #B42-B64 

• Pre-Function Area: posters #B65-B80 

 
Poster Session B Saturday (Day 2) 8:15 - 10:00 AM 

B1 Syntactic interlanguage speech benefit: an 
ERP study 

Sendy Caffarra, Ana Gonzalez 
and Clara D. Martin 

B2 Active antecedent search in cataphora 
processing: Insights from neural oscillations 

Dave Kush, Ashley Lewis, 
Andrew Jahn, Luca Campanelli, 
Clinton L. Johns and Julie Van 
Dyke 

B3 Sound-meaning systematicity in early word 
learning 

Justin Kueser and Laurence 
Leonard 

B4 Lingering Misinterpretation in Garden-path 
Sentences in Native and Non-Native 
Speakers 

Hiroki Fujita and Ian Cunnings 

B5 Computer modeling suggests patterns of 
perceptual availability of phonological 
structure during infant language acquisition 

Cory Shain and Micha Elsner 

B6 Evaluating a Minimalist Grammar Parser on 
Italian Relative Clause Asymmetries 

Aniello De Santo 

B7 Generalized Quantifiers and Working 
Memory: Disentangling Encoding from 
Verification 

Aniello De Santo and John 
Drury 

B8 CROSS-LINGUISTIC INVESTIGATION OF 
THE CHOICE OF PRONOUNS 

Kumiko Fukumura, Coralie 
HERVE, Sandra Villata, 
Francesca Foppolo and F.-
Xavier Alario 

B9 Not-so strategic prediction: N400 effect of 
predictability regardless of overall predictive 
validity 

Wenjia Zhang, Wing-Yee 
Chow, Bo Liang, Hsuan-Chih 
Chen and Suiping Wang 

B10 Does implicit training lead to generalization? 
Evidence from an understudied construction 

Frances Blanchette, Erin 
Flannery and Carrie Jackson 
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B11 Disappearing causative overgeneralization 
errors across five languages: The role of 
semantics. 

Ramya Maitreyee, Ben 
Ambridge, Bhuvana 
Narasimhan, Rukmini Nair, 
Dipti Sharma and Soumitra 
Samanta 

B12 Individual variation in the interpretation of 
complex sentences 

Margreet Vogelzang and Esther 
Ruigendijk 

B13 NPI Illusions are a problem of quantification Wesley Orth, Masaya Yoshida 
and Shayne Sloggett 

B14 Incremental Generation Drives "Efficient" 
Language Production 

Spencer Caplan 

B15 A causal influence of domain-general 
cognitive control on sentence 
comprehension 

Nina Hsu, Stefanie Kuchinsky 
and Jared Novick 

B16 What dependencies can we [ [interpret the 
semantics] and [construct __ ]] ? 

Peter O'Neill and Dustin 
Chacón 

B17 The psychological reality of Construction 
Grammar: A Visual World eye-tracking study 
investigating the semantic processing of 
argument structure 

Simon Kirsch and Lars 
Konieczny 

B18 Reward-based decision-making during 
reading for speed versus for accuracy 

Daniel J. Schad, Sophia 
Czapka and Shravan Vasishth 

B19 Syntactic prediction without lexical 
activation: Evidence from both (of the)…and 

Kelly-Ann Blake, Frederick 
Gietz and Margaret Grant 

B20 Predicting form during sentence processing: 
Investigating lexically-based processes 

Anuenue Kukona and Aaliyah 
Summerfield 

B21 ERP evidence of object agreement attraction 
in comprehension 

Robin Schäfer, Sol Lago and 
Titus von der Malsburg 

B22 Language influences event memory after 
sleep 

Yaqi Wang, Silvia Gennari and 
Gareth Gaskell 

B23 Acceptability of homophonous sequences in 
adjective-derived adverbs 

Lauren Ackerman and Shiloh 
Drake 

B24 The partial and complete island repair of 
stripping 

David Potter and Katy Carlson 

B25 Speaker choice in language production: 
Optional passive marker BEI in Mandarin 

Yingzhao Zhou, Yingtong Liu 
and Edward Gibson 

B26 Flexible prediction: Global Context and 
Speaker Reliability Affect Sentence 
Processing 

Trevor Brothers, Liv Hoversten, 
Shruti Dave, Tamara Swaab 
and Matt Traxler 
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B27 Structure-sensitive pronoun processing even 
in the absence of Principle B effects 

Thuy Bui and Brian Dillon 

B28 Toddlers rapidly infer multiple polysemous 
meanings in familiar and unfamiliar 
languages 

Sammy Floyd, Mariesa Cay, 
Adele Goldberg and Casey 
Lew-Williams 

B29 Similarity-based interference and 
morphological retrieval in Portuguese sluiced 
sentences 

Alexandra Lawn and Jesse 
Harris 

B30 Is explicit teaching of second languages 
always helpful? An artificial language study 

Hiroko Yamashita and Franklin 
Chang 

B31 L2 learners can predict during complex 
sentence processing 

Eunjin Chun, Joshua Daniel, 
Chenyue Zhao and Edith Kaan 

B32 Reduplicated words are automatically 
decomposed, even when they are fake: MEG 
evidence from Tagalog pseudoreduplicants 

Samantha Wray, Alec Marantz 
and Linnaea Stockall 

B33 A role for theory of mind in the N400 
differentiating metaphors of mental and 
physical content 

Paolo Canal, Luca Bischetti, 
Chiara Bertini, Irene Ricci, 
Serena Lecce and Valentina 
Bambini 

B34 Sensitivity to Stroop interference facilitates 
anticipation-driven comprehension 

Hongoak Yun and Eunkyung Yi 

B35 Topicalization modulates the processing of a 
new topic in Chinese concession: An eye-
tracking study 

Siqi Lyu, Jung-Yueh Tu and 
Charles Lin 

B36 Beat gesture increases cognitive load during 
online contrastive reference resolution 

Laura Morett, Jennifer Roche, 
Scott Fraundorf and James 
McPartland 

B37 When are gaps understood as symptoms or 
signals? 

John Michael Tomlinson, Jr. 
and Ina Baier 

B38 Real-time spoken word recognition in 
sentences by adult and child cochlear 
implant users 

Kelsey Klein, Ashley Farris-
Trimble and Bob McMurray 

B39 ERPs Reveal Predictive Activation of Word 
Form Features in Sensory Cortex 

Phillip Gilley, Leif Oines and 
Albert Kim 

B40 Effects of frequency and simplicity in L2 
English causative motion production 

Chun Zheng, Josh Weirick and 
Elaine Francis 

B41 Production training benefits both 
comprehension and production of 
grammatical gender agreement in L2 
German 

Valérie Keppenne, Elise W. M. 
Hopman and Carrie N. Jackson 
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B42 Thinking ahead has its limits: Structural 
prediction with correlative and 
quantificational "both" 

Stephanie Rich and Jesse 
Harris 

B43 Experimental insights on the relationship 
between pragmatics, lying, and misleading 

Benjamin Weissman 

B44 Facilitatory interference reflects direct-
access retrieval 

Dan Parker and Adam An 

B45 Effects of animacy and unaccusative verb 
type on “transitivity bias” 

Peter Nelson and Amit Almor 

B46 The State of the Onion: Grammatical aspect 
modulates object representation in event 
comprehension 

Julia Misersky, Ksenija Slivac, 
Peter Hagoort and Monique 
Flecken 

B47 Noisy-channel sentence comprehension in 
aphasia: the role of noise in the context 

Rachel Ryskin, Edward Gibson 
and Swathi Kiran 

B48 The Effect of Foreign Bias on Processing L2 
English Speech 

Thomas St. Pierre and Jean-
Pierre Koenig 

B49 Gender agreement attraction and 
grammatical illusion in Standard Arabic 
sentence comprehension 

Souad Kheder 

B50 Theory of Mind and Common Ground 
underpin mechanisms of language variation 
that lead to change: the Imperfective domain 
across three Spanish varieties 

Martín Fuchs and María 
Mercedes Piñango 

B51 Contrastive focus constructions hurt memory 
for sentence processing 

Cassandra L. Jacobs and 
Fernanda Ferreira 

B52 Modeling ungrammaticality: A self-organizing 
model of islands 

Sandra Villata, Jon Sprouse 
and Whitney Tabor 

B53 Anti-locality effects without verb-final 
dependencies 

Juliane Schwab, Ming Xiang 
and Mingya Liu 

B54 Not (just) any licensors cause negative 
polarity illusions 

Hanna Muller, Iria de Dios 
Flores and Colin Phillips 

B55 Verb Surprisal in the Visual World Christine Muljadi, Christine 
Ankener, Les Sikos and Maria 
Staudte 

B56 Embedded gapping? A cross-linguistic 
perspective 

Gabriela Bîlbîie, Israel de la 
Fuente and Anne Abeille 

B57 World knowledge and the interpretation of 
relative and absolute adjectives 

Barbara Tomaszewicz and 
Petra B. Schumacher 
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B58 Gender Effects on Gender Neutral Reflexives 
Resolution 

Yuhang Xu, Jeffrey Runner and 
Michael Tanenhaus 

B59 Processing information structural ambiguity: 
Contrastive Topics in Estonian 

Marju Kaps 

B60 Inferable constituents are not deaccented: 
Phonetic and perceptual evidence 

Jeffrey Geiger and Ming Xiang 

B61 Prosodic Marking of Grammatical Roles in 
Turkish Sentences 

M. Yarkın Ergin and Karin 
Stromswold 

B62 Ellipsis and the QuD: evidence from sluicing 
with nominal antecedents 

Till Poppels and Andrew Kehler 

B63 The influence of prosody on (non-)restrictive 
relative clause interpretation 

Daniel Amy and Jeffrey Witzel 

B64 Frequency, predictability & lexical quality 
effects: individual differences in reading & 
proofreading 

Sara Milligan and Elizabeth 
Schotter 

B65 Speech rate and language processing in 
older adults: Is slow speech better? 

Raheleh Saryazdi, Tamara 
Mostarac and Craig Chambers 

B66 Facilitation effects of QUD and event type on 
negative sentences 

Sherry Yong Chen, Leo 
Rosenstein and Martin Hackl 

B67 Pronoun resolution in an ergative language: 
effects of case and transitivity 

Rebecca Tollan and Daphna 
Heller 

B68 Can our eyes trick our ears? An 
electrophysiological study of the effects of 
facial cues on the processing foreign-
accented and native-accented speech 

Carla Fernandez and Janet van 
Hell 

B69 Implicit objects in discourse: Likelihood of 
reference and choice of referring expression 

Ana Besserman and Elsi Kaiser 

B70 A systematic study of the rate of child over-
irregularization errors 

Vanna Willerton, Graham 
Adachi-Kriege, Shijie Wu, Ryan 
Cotterell 

B71 Entertaining ungrammatical structures can 
succeed where surprisal struggles 

Garrett Smith and Whitney 
Tabor 

B72 Semantic attraction in sentence processing Kaylin Smith, Ye Ma, Yan Cong 
and Alan Beretta 

B73 Self-awareness matters: co-reference in 
German attitude clauses 

Alexander Göbel and Petra B. 
Schumacher 

B74 Object Who is processed differently from 
Subject Who, Why and How 

Nayoun Kim, Alexis Wellwood 
and Masaya Yoshida 
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B75 Listeners’ belief about the speaker and 
adaptation to the deviant use of prosody 

Chie Nakamura, Jesse Harris 
and Sun-Ah Jun 

B76 Fool me once: Readers Adapt to NP/Z 
garden paths but not ORCs 

Caroline Andrews, Brian Dillon 
and Adrian Staub 

B77 Perspectival plurality: interpreting multiple 
perspectival elements in one domain 

Elsi Kaiser 

B78 Generalizing subjective opinions: evidence 
from two classes of perspectival adjectives 

Elsi Kaiser and Sarah Hye-yeon 
Lee 

B79 Individual differences in ERP profiles to 
agreement attraction anomalies 

Shannon McKnight, Akira 
Miyake and Albert Kim 

B80 Reassessing the grammaticality asymmetry 
in agreement attraction: An ROC analysis 

Christopher Hammerly, Brian 
Dillon and Matt Wagers 
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Poster Session C - Saturday, March 30 
 

Locations: 

• East & West End Rooms: posters #C1-C41 

• The Ballroom: posters #C42-C64 

• Pre-Function Area: posters #C65-C80  

 
Poster Session C Saturday (Day 2) 2:55 - 4:40 PM 

C1 Verb bias in individuals with developmental 
language disorder 

Jessica Hall, Amanda Owen 
Van Horne, and Thomas 
Farmer 

C2 Cross-linguistic influence on the 
interpretation of ambiguous wh-questions: 
L1 transfer but no L1 attrition 

Theres Grüter and Holger Hopp 

C3 The production of Object Relative clauses in 
Italian-speaking children: a syntactic priming 
study 

Claudia Manetti and Carla 
Contemori 

C4 Learning subtle syntactic constraints in L2: 
Evidence from Norwegian-English bilinguals 

Dave Kush and Anne Dahl 

C5 Effects of Misanalysed Filler-gap 
Dependencies in L1 and L2 Language 
Comprehension 

Hiroki Fujita and Ian Cunnings 

C6 Information structure and the processing of 
word order variation in the first and second 
language. 

Priscila Lopez-Beltrán, Michael 
Johns, Paola Dussias, Cristóbal 
Lozano and Alfonso Palma 

C7 Processing Correlates of Verb Semantic 
Complexity 

Tun Scarlett Hao 

C8 Using word2vec to predict human language 
processing 

Cassandra L. Jacobs and 
Katrin Erk 

C9 What Processing and Computational 
Modeling Can Tell Us about Syntax: The 
Case of Persian Relative Clauses 

Nazila Shafiei and Aniello De 
Santo 

C10 Individual differences guide pronoun 
interpretation in semantically constraining 
contexts 

Valerie Langlois and Jennifer 
Arnold 
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C11 Reassessing the evidence for syntactic 
adaptation from self-paced reading studies 

Grusha Prasad and Tal Linzen 

C12 Aspect is distinct from time reference: An 
ERP study of the perfective marker -le in 
Mandarin Chinese 

COLLART Aymeric and CHAN 
Shiaohui 

C13 Uniqueness vs. familiarity in interpreting 
definite descriptions 

Sadhwi Srinivas and Kyle 
Rawlins 

C14 Convergent probabilistic cues do not trigger 
syntactic adaptation 

Jack Dempsey, Kiel 
Christianson and Qiawen Liu 

C15 Non-binary gendered reference in LGBTQ+ 
English: Implications of singular ‘they’ for 
sentence processing 

Alecia Nichols, Elaine Chun 
and Amit Almor 

C16 Cloze completions reveal misinterpretation of 
noncanonical sentences 

Jon Burnsky and Adrian Staub 

C17 The syntactic count/mass distinction in 
generalized classifier languages: evidence 
from classifier processing in Korean 

Sea Hee Choi, Si On Yoon, 
Andrew Armstrong, Kara 
Federmeier and James Yoon 

C18 Minimizing prediction errors: Comprehenders 
rapidly adapt to morphosyntactic violations 
but not to semantic violations 

Masataka Yano, Shugo 
Suwazono, Hiroshi Arao, Daichi 
Yasunaga and Hiroaki Oishi 

C19 EEG alpha power desynchronization during 
sentence planning is linked to partial overlap 
in syntactic configurations 

Sebastian Sauppe, Kamal K. 
Choudhary, Nathalie Giroud, 
Damián E. Blasi, Shikha 
Bhattamishra, Mahima Gulati, 
Aitor M. Egurtzegi, Ina 
Bornkessel-Schlesewsky, 
Martin Meyer and Balthasar 
Bickel 

C20 Asymmetry between production and 
comprehension at syntactic level: Evidence 
from Catalan-speaking children 

Merce Prat-Sala and Ulrike 
Hahn 

C21 Predicting across the lifespan: Evidence from 
the visual world paradigm 

Yuki Kamide and Anuenue 
Kukona 

C22 Effects of prepositional phrase type on the 
processing of relative clauses 

Matthew Lowder and Peter 
Gordon 

C23 Segmental duration as a cue to sentence 
structure 

Sten Knutsen, Karin 
Stromswold and Dave 
Kleinschmidt 

C24 The time-course of rhythmic and syntactic 
factors in silent reading in Turkish 

Nazik Dinçtopal Deniz 
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C25 Context Effects in Irony Processing Saskia Leymann, Verena Haser 
and Lars Konieczny 

C26 Effects of predictability and optionality on 
pronominalization 

Jet Hoek and Hannah Rohde 

C27 Ordering in numerals across languages 
supports rapid information processing 

Emmy Liu and Yang Xu 

C28 Not all passives are processed equal: verb 
voice and word order in idiom 
comprehension 

Marco Silvio Giuseppe Senaldi, 
Paolo Canal and Alessandro 
Lenci 

C29 Priming discourse structure guides pronoun 
comprehension 

Elyce Williams and Jennifer 
Arnold 

C30 Understanding over-specification: A visual-
world ERP study 

Elli Tourtouri, Francesca 
Delogu and Matthew Crocker 

C31 Pupillometry reveals reduced effort in 
children’s sentence processing when visual 
speech cues are available 

Rebecca Holt, Laurence 
Bruggeman and Katherine 
Demuth 

C32 Processing subject/object asymmetries in 
German: case-marking and intervention 

Ankelien Schippers, Margreet 
Vogelzang and Esther 
Ruigendijk 

C33 Lexical Boost from the Subject Noun: The 
Influence of Task 

Laura Wakeford, Leila Kantola 
and Roger van Gompel 

C34 Ambiguity processing in English natives and 
non-natives 

Yesi Cheng, Ian Cunnings and 
Jason Rothman 

C35 Inflexible structural priming in flexible word 
order language 

Eunkyung Yi and Hongoak Yun 

C36 ERPs and artificial mini-grammars in third 
language transfer/learning 

Jorge González Alonso, José 
Alemán Bañón, Vincent 
DeLuca, David Miller, Sergio 
Miguel Pereira Soares, Eloi 
Puig Mayenco, Sophie Slaats 
and Jason Rothman 

C37 Focus scope marked by “only” influences 
syntactic attachment 

David Potter and Katy Carlson 

C38 ZWgen: A Python-based Chinese Lexical 
Stimuli Generator 

Mingyu Yuan 

C39 (In-)definites, (anti-)uniqueness, and 
uniqueness expectations 

Nadine Bade and Florian 
Schwarz 

C40 Personae in syntactic processing: Socially-
specified agents bias expectations of verb 
transitivity 

June Choe, Shayne Sloggett, 
Masaya Yoshida and Annette 
D'Onofrio 
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C41 Online processing of an elided r-expression Kathleen Hall and Masaya 
Yoshida 

C42 Grammatical factors in morphological 
processing: evidence from allomorphy 

Daniil Bondarenko, Onur Özsoy 
and Itamar Kastner 

C43 Cost of ungrammatical predictions during 
online sentence processing: evidence 
against surprisal 

Apurva Apurva and Samar 
Husain 

C44 Different effects of grammatical violations in 
Italian: an EEG study on verb-particle 
constructions 

Federica Mantione, Patrizia 
Cordin and Francesco 
Vespignani 

C45 Multimodal prediction in text + emoji 
sentences: an ERP study 

Benjamin Weissman, Neil Cohn 
and Darren Tanner 

C46 The Effect of Eventive Verbs on Children's 
Online Argument Representation 

Boyang Qin and Marieke van 
Heugten 

C47 Language dynamics across the life span: The 
comprehension of verbal jokes 

Evelyn Ferstl 

C48 Sustained negativities for wh-movement may 
not extend to other types of syntactic 
prediction. 

Aura Cruz Heredia, Bethany 
Dickerson and Ellen Lau 

C49 Turkish “unless” is not biconditional unless 
the pragmatic context allows it 

Ebru Evcen, Umut Özge and 
Duygu Özge 

C50 The Impact of Stereotypes and Noun 
Endings on Processing Gender in English: 
Comparing Native and Non-Native 
Performance 

Julia Müller, Verena Haser and 
Lars Konieczny 

C51 Alternative constructions and scope 
ambiguities: What counts as an alternative? 

Barbara Hemforth and Lars 
Konieczny 

C52 Facilitation vs. inhibition as mechanisms for 
syntactic constraints on word recognition 

Phoebe Gaston, Ellen Lau and 
Colin Phillips 

C53 Turn-taking differs between parents and 
therapists speaking to children with ASD 

Micha Elsner, Benjamin Allen, 
Elizabeth Kryszak and Kiwako 
Ito 

C54 Same sized sisters: Relative clause 
attachment to conjoined NPs 

Antoine Hedier, Peijia Su, 
Fahima Maouche and Barbara 
Hemforth 

C55 The agent preference in sentence planning is 
modulated by case marking: Eye tracking 
evidence from Hindi, Basque and Swiss 
German 

Aitor Egurtzegi, Sebastian 
Sauppe, Damian Blasi, Kamal 
Choudhary, Yingqi Jing, 
Nathalie Giroud, Shikha 
Bhattamishra, Mahima Gulati, 
Bornkessel-Schlesewsky Ina, 
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Itziar Laka, Martin Meyer and 
Balthasar Bickel 

C56 Maze Made Easy: Better and easier 
measurement of incremental processing 
difficulty 

Veronica Boyce, Richard Futrell 
and Roger Levy 

C57 EEG signatures of perceptual reversals of 
bistable visual and linguistic stimuli 

Kevin Ortego, Michael Pitts and 
Enriqueta Canseco-Gonzalez 

C58 LANGUAGE CONTROL IN HABITUALLY 
CODE-SWITCHING BILINGUALS: DOES 
COGNITIVE CONTROL DECLINE WITH 
CODE-SWITCHING 

Souad Kheder 

C59 Verbs retrieve subjects, not clausal 
attachment sites 

Netta Ben-Meir, Nick Van 
Handel and Matt Wagers 

C60 Computing object agreement in Georgian is 
easier than computing subject agreement 

Steven Foley and Matt Wagers 

C61 Evidence for integration of noisy linguistic 
evidence and prior expectations depends on 
the task 

Eli Kane and L. Robert Slevc 

C62 Fixation measures as a function of 
comprehension accuracy 

Maria Varkanitsa and David 
Caplan 

C63 Pragmatic inferences are modulated by 
informativity across cultures 

Rachel Ryskin, Miguel Salinas, 
Steven Piantadosi, Paula 
Rubio-Fernández and Edward 
Gibson 

C64 How do repeated result states fare in 
sentence comprehension and production? 

Sarah Hye-yeon Lee and Elsi 
Kaiser 

C65 Semantic predictability of implicit causes 
affects referential form choice 

Kathryn Weatherford and 
Jennifer Arnold 

C66 Word Skipping in Deaf and Hearing 
Bilinguals: Cognitive control remains with 
increased perceptual span 

Matt Traxler, Pilar Pinar, David 
Corina, Kurt Winsler, Liv 
Hoversten and Trevor Brothers 

C67 Syntactic Structure aids Learning of 
Grammatical Dependencies in Neural 
Networks 

Ethan Wilcox, Peng Qian, 
Richard Futrell, Miguel 
Ballesteros and Roger Levy 
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C68 Inferring sentence comprehension from eye 
movements in reading 

Yunyan Duan, Yevgeni Berzak, 
Klinton Bicknell and Roger 
Levy 

C69 Studying Morphological Computation and 
Storage via Lexical Decision Data 

Gregory Theos and Timothy 
O'Donnell 

C70 How do readers adapt to unfamiliar syntax?: 
Evidence from needs+past participle 

Rachel Peters and Scott 
Fraundorf 

C71 Context effects in the interpretation of 
Haddock descriptions 

Helena Aparicio and Elizabeth 
Coppock 

C72 Antecedent search for Turkish reflexive 
kendi: Evidence from eye tracking during 
reading 

Hasan Sezer 

C73 Different Types and Qualities of Fillers: 
Maintenance and Retrieval 

Nayoun Kim, Laurel Brehm, 
Patrick Sturt and Masaya 
Yoshida 

C74 Emotion Regulation through Irony - Evidence 
from Behavior and ERPs 

Valeria Pfeifer and Vicky Tzuyin 
Lai 

C75 Grammatical and pragmatic cues guide 
temporal interpretation in discourse 

Kelsey Sasaki 

C76 Investigating the real-world costs of intra-
sentential code-switching for lexical 
processes 

Anthony Yacovone, Emily Moya 
and Jesse Snedeker 

C77 Gender mismatch and possession type 
effects on interpretation of VP ellipsis 

Jesse Storbeck and Elsi Kaiser 

C78 Contrastive informativity strength drives real-
time language variation and change: an 
online study of the Spanish habitual in three 
dialectal varieties 

Martín Fuchs and María 
Mercedes Piñango 

C79 Plausibility in Chinese concession and 
causality: Evidence from self-paced reading 
and eye-tracking 

Siqi Lyu, Jung-Yueh Tu and 
Charles Lin 

C80 Prosody-meaning mismatches in PP 
ambiguity: Incremental processing with 
pupillometry 

Jesse Harris, Chie Nakamura, 
Bethany Sturman and Sun-Ah 
Jun 
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Poster Session D – Sunday, March 31 
 

Locations: 

• East & West End Rooms: posters #D1-D34 

• The Ballroom: posters #D35-D53 

• Pre-Function Area: posters #D54-D69 

 
Poster Session D Sunday (Day 3) 12:05 - 2:00 PM 

D1 No scope for planning -- latent mixture 
modelling of sentence onsets 

Jens Roeser, Mark Andrews, 
Mark Torrance and Thom 
Baguley 

D2 Speakers do prime themselves Cassandra L. Jacobs, Duane 
Watson and Sun-Joo Cho 

D3 Comparing licensing processes at the 
interfaces of syntax, semantics and 
pragmatics 

Anna Czypionka, Mariya 
Kharaman, Josef Bayer, 
Maribel Romero and Carsten 
Eulitz 

D4 Testing the role of phoneme order in lexical 
access using transposed-phoneme priming 

Jonathan Geary 

D5 fMRI reveals language-specific predictive 
coding during naturalistic sentence 
comprehension 

Cory Shain, Idan Blank, 
Marten van Schijndel, William 
Schuler and Evelina 
Fedorenko 

D6 Rising pitch accents are more sensitive to 
context than falling pitch accents 

Christine Roehr, Stefan 
Baumann, Martine Grice and 
Petra B. Schumacher 

D7 Input evidence vs. linguistic knowledge: 
Establishing new lexical entries during 
reading 

Denisa Bordag and Andreas 
Opitz 

D8 Similar discourse properties guide both 
topicality & referential predictability 
judgments 

Sandra Zerkle and Jennifer 
Arnold 

D9 On the necessity of hippocampus in lexical-
semantic mapping in language processing 

Sarah Brown-Schmidt, 
Nathaniel Klooster, Sun Joo 
Cho, Nazbanou Nozari and 
Duff Melissa 
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D10 Semantic effects on processing filler-gap 
dependencies into adjuncts and conjuncts 

Annika Kohrt, Peter O'Neill, 
Trey Sorensen and Dustin 
Chacón 

D11 Using syntactic priming to investigate how 
recurrent neural networks represent syntax 

Grusha Prasad, Marten van 
Schijndel and Tal Linzen 

D12 ‘Nonetheless’ can reverse predictions 
immediately: evidence from ERPs 

Yana Arkhipova, Ryan Law, 
Ming Xiang and Wing Yee 
Chow 

D13 Timing of structural and non-structural 
information in processing of reflexives in the 
L2 

Münir Özturhan and Nazik 
Dinçtopal Deniz 

D14 Spatial Language and Reference Tracking Ansley Potter and Amit Almor 
D15 Crosslinguistic influence modulates L2 

speakers’ offline but not online processing of 
implicit causality 

Hyunwoo Kim and Theres 
Grüter 

D16 Event categorization using non-verb cues Aron Marvel, Jean-Pierre 
Koenig and Gail Mauner 

D17 Word frequency and the elusiveness of the 
L2-L1 (masked) translation priming effect 

Adel Chaouch Orozco, Jorge 
González Alonso and Jason 
Rothman 

D18 Immediate revision of disconfirmed 
predictions: Evidence from Eye-tracking and 
ERPs 

Wing-Yee Chow, Di Chen and 
Suiping Wang 

D19 Processing of number agreement in the L2: 
An eye-tracking study 

Hilal Serin Demirler and Nazik 
Dinçtopal Deniz 

D20 Predictive processing is affected by linguistic 
complexity of cue-preceding input 

Johannes Gerwien, Yuxia 
Wang and Fuyun Wu 

D21 Strategies of filler-gap avoidance in 
Romance 

Francesca Foppolo, Ingrid 
Konrad, Caterina Donati, 
Massimo Burattin, Adrian 
Staub and Carlo Cecchetto 

D22 Degrees of prediction: Syntactic pressures 
generate stronger predictions than 
pragmatic considerations 

Maayan Keshev and Aya 
Metzer-Asscher 

D23 The interaction of image salience with 
language: how much is language driving 
eye-movements in Visual World Paradigms? 

Stephanie Huette and John 
Hollander 

D24 Availability-based production predicts 
speakers' real-time choices of Mandarin 
classifiers 

Meilin Zhan and Roger Levy 

D25 Thematic fit and grammatical constraints in 
good enough parsing 

Jamie Linert and Dustin 
Chacón 
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D26 Conversational Alignment and 
Conversational Fluency 

Julie Boland 

D27 Do individual differences in fiction reading 
predict emotion recognition? 

Steven Schwering, Natalie 
Ghaffari-Nikou, Paula 
Niedenthal and Maryellen 
MacDonald 

D28 Do animated cues elicit similar patterns of 
pronoun comprehension as live cues? 

Valerie Langlois, Sandra 
Zerkle and Jennifer Arnold 

D29 Effects of emotional speaker face and event-
sentence mismatches on sentence 
processing: an event-related brain potential 
study 

Katja Münster, Johanna Kißler 
and Pia Knoeferle 

D30 Perceptual information from word n+2 does 
not affect the skipping of word n+1 

Michael G. Cutter, Andrea E. 
Martin and Patrick Sturt 

D31 Both thematic role and next-mention biases 
affect pronoun use in Dutch 

Jorrig Vogels 

D32 Aging effect in the processing of homonymy 
and polysemy in Korean sentence 
comprehension 

Hongoak Yun, Sun Hyun 
Moon, Hyein Jeong and Soo 
Rim Noh 

D33 The processing of subject-predicate 
dependency in Japanese 

Saki Tsumura and Yuki Hirose 

D34 Falling for the grammaticality illusion? 
Reading span levels, individual parsing 
strategies and the missing-VP effect in 
German 

Katja Suckow, Jana Häussler 
and Anke Holler 

D35 Do Mandarin Speakers Think about Time 
More Vertically?: A Revisit of Boroditsky 
(2001) with New Findings 

Mingyu Yuan 

D36 Antecedent Retrieval during the Processing 
of Dutch Reciprocal Pronouns 

Anna Giskes and Dave Kush 

D37 Computing complex events and beyond: 
ERP data on prediction with complex verbs 

Chia-Hsuan Liao and Ellen 
Lau 

D38 Phonotactic markedness increases 
processing demands in speech production 

Canaan Breiss 

D39 The role of case marking and word order in 
cross-linguistic priming 

Merel Muylle, Sarah Bernolet 
and Robert Hartsuiker 

D40 Comprehending the presupposition of too: 
the effects of distance and interference 

Sherry Yong Chen and E. 
Matthew Husband 
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D41 The distribution of biased versus alternating 
verbs affects preschoolers’ verb bias 
adaptation 

Yi Lin, Malathi Thothathiri and 
Fisher Cynthia 

D42 A Rational Speech Act model of cross-
linguistic differences in pronoun resolution 
preferences 

Miriam Schulz, Heather 
Burnett and Barbara Hemforth 

D43 Formal marking is redundant with lexico-
semantic cues to meaning in transitive 
clauses 

Richard Futrell, Evgeniia 
Diachek, Nafisa Syed, Edward 
Gibson and Evelina Fedorenko 

D45 Distal rhythmic patterns influence listeners’ 
processing of phonetic cues 

Jeremy Steffman 

D46 Reducing similarity based interference in 
sentence processing for individuals with 
agrammatic aphasia: a semantic approach 

Niloofar Akhavan, Carolyn 
Baker, Natalie Sullivan, Lewis 
Shapiro and Tracy Love 

D47 Effect of partial quotation and transparent 
free relatives on perspective shift 

Bethany Sturman and Jesse 
Harris 

D48 EFFECTS OF VERBAL TASKS ON DRIVING 
SIMULATOR PERFORMANCE 

Jonathan Rann and Amit 
Almor 

D49 Sensitivity to Gender Cues during Anaphor 
Resolution: Evidence from Visual World Eye-
tracking 

Yuhang Xu, Nicholas Ringhoff, 
Rachel Coons, Lauryn 
Fluellen, Carly Eisen and 
Jeffrey Runner 

D50 Are gender and number different? Evidence 
from French binomials 

Aixiu An and Anne Abeillé 

D51 Age affects the processing of subject-verb 
agreement (in Italian) 

Francesco Vespignani, Luca 
Artesini and Francesco Pavani 

D52 Gender Bias in Picture Noun Phrase 
Reflexive Resolution 

Yuhang Xu, Carly Eisen, 
Lauryn Fluellen, Yuyi Zhou, 
Nicholas Ringhoff, Rachel 
Coons and Jeffrey Runner 

D53 Is turn prediction accuracy across Language 
and Music dependent on the idiosyncrasies 
of one’s own experience? 

Nina Fisher, Lauren Hadley 
and Martin Pickering 

D54 Gender agreement processing: inflectional 
endings and stereotypes 

Natalia Slioussar and 
Anastasia Generalova 

D55 Long filler-gap dependencies can make a 
main verb analysis less tempting 

Brian Dillon 
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D56 Fine-grained gender typicality systematically 
modulates anaphora resolution: Evidence 
from eye movements 

Vishal Sunil Arvindam and 
Brian Dillon 

D57 Pragmatic relativity: Eye-tracking reference 
resolution in Catalan, Hindi, Hungarian and 
Wolof 

Paula Rubio-Fernández and 
Julian Jara-Ettingerr 

D58 ASL signers vary adjective position to 
maximize efficiency: A reference production 
study 

Paula Rubio-Fernández, Anne 
Wienholz, Simon Kirby and 
Amy Lieberman 

D59 Perspective taking in newly-sighted children: 
Do they orient towards an interlocutor’s 
face? 

Paula Rubio-Fernández, 
Vishakha Shukla, Shlomit Ben 
Ami, Chetan Ralekar, Ashwini 
Vaidya, Michelle Oraa Ali and 
Pawan Sinha 

D60 Enhanced peripheral lexical processing in 
deaf individuals: perceptual or linguistically 
driven? 

Emily Johnson, Elizabeth 
Schotter and Amy Lieberman 

D61 Overspecifying state information in the 
production of referring expressions 

Megan Parker and Daphna 
Heller 

D62 Evaluating truth: Experimental evidence from 
appositives and conjunctions 

Margaret Kroll and Amanda 
Rysling 

D63 Variation in the rational interpretation of 
slights: Gender-based microaggressions 

Bethany Gardner and Chigusa 
Kurumada 

D64 The (non-)influence of even’s likelihood-
based presupposition on lexical 
predictability effects 

Erika Mayer, Brian Dillon and 
Adrian Staub 

D65 Inflection and Derivation in Proficient L2 
Arabic Sentence Processing 

Suzanne Freynik, Kira Gor and 
Polly O'Rourke 

D66 Priming children's interpretation of globally 
ambiguous sentences 

Emily Atkinson, Natalie Bloss, 
Sofia Johnson and Carolina 
Jones 

D67 The Effects of Word Frequency and 
Contextual Diversity on Word Processing 
during Reading across ERP and Eye-tracking 
Measures 

Patrick Plummer and Charles 
Perfetti 

D68 Different ways to process honorific features: 
Evidence from ERPs 

Nayoung Kwon and Patrick 
Sturt 

D69 Garden-Path Misinterpretation in Reading 
While Listening 

Guorong Zhang and E. 
Matthew Husband 
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Title: The neurobiology of reading in deaf and hearing adults 
 
Karen Emmorey 
San Diego State University 
 
Recent neuroimaging and neurophysiological evidence has revealed how the reading 
system successfully adapts when phonological codes are relatively coarse-grained due 
to reduced or distorted auditory input. New evidence suggests that the optimal end-state 
for the reading system may differ for deaf versus hearing adults and indicates that 
certain neural patterns that are maladaptive for hearing readers may be beneficial for 
deaf readers. This talk focuses on deaf adults who have achieved reading success 
(e.g., they are matched in reading level with their hearing peers) and who use sign 
language in their everyday lives. Our recent work has shown that such deaf readers 
exhibit a more bilateral neural response to written words compared to hearing readers, 
as measured by evoked response potentials (ERPs; N170 component) and by 
functional magnetic resonance imaging (fMRI; rapid adaptation within the visual word 
form area, VWFA). Further, better deaf readers (but poorer hearing readers) exhibit a 
larger right hemisphere N170 response. Results from the rapid adaption fMRI paradigm 
indicate that while skilled deaf readers demonstrate coarsely tuned phonological 
representations in temporoparietal cortex (TPC), they develop finely tuned orthographic 
representations in the VWFA, suggesting that phonological tuning in the TPC may have 
little impact on the neural network associated with skilled reading for deaf adults. 
Finally, an ERP study assessing sensitivity to semantic and syntactic violations 
indicated that the more successful deaf readers exhibited a stronger neural response to 
semantic violations – the size of the N400 effect was significantly correlated with 
reading ability for the deaf –  but not hearing – readers. In contrast, the more successful 
hearing readers exhibited a stronger brain response to syntactic (subject-verb 
agreement) violations – the size of the P600 effect correlated with reading ability for 
hearing, but not for deaf readers. Together these studies are beginning to illuminate the 
neurocognitive processes that are adopted by skilled deaf readers to decode and 
understand written text and suggest that the reading circuit may become differentially 
tuned in deaf readers. 
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Do late first-language learners of ASL rely on word order to comprehend simple sentences? 
Qi Cheng & Rachel. I. Mayberry (University of California, San Diego) 
qcheng@ucsd.edu 
 

Language deprivation is common among deaf individuals when they do not have early 
access to a sign language. When these deaf individuals acquire sign language as their first 
language (L1) at an older age, they often show deficits in their language performance. Simple 
sentence structures such as basic word order appear relatively unaffected, while complex 
morpho-syntactic structures, such as relative clauses, are unlikely to be acquired (Newport 1990; 
Boudreault & Mayberry 2006). Understanding the nature of these selective age of acquisition 
effects on sentence structure can illuminate the underlying mechanisms of the critical period effect 
and the early development of syntactic complexity among young children acquiring an L1. 

Whether late L1 learners actually use basic word order when comprehending simple 
mono-clausal sentences remains unclear. Previous studies are insufficient to answer this question 
as they looked only at reversible sentences with probable meanings and animate subjects. One 
possibility is that late L1 learners use alternative strategies, such as agent first and probable event 
bias, to comprehend simple sentences. Three-year-old children show probable event bias when 
asked to act out improbable sentences, while four-year-olds rely more on word order (Strohner & 
Nelson 1974). Because late L1 learners show syntactic development similar to that of young 
native learners (Berk & Lillo-Martin, 2012; Cheng & Mayberry 2018; Ferjan Ramirez et al 2013), 
they may rely on similar alternative strategies when comprehending simple sentences rather than 
using word order to map syntactic positions and thematic roles. Given that mapping syntactic and 
thematic roles in simple sentences is a prerequisite for processing more complex syntactic 
structures, investigating this possibility is crucial to understanding the discontinuity in syntactic 
development among late L1 learners. 

The present study used a sentence-picture matching experiment to explicitly investigate 
how deaf individuals with early language deprivation interpret simple, subject-verb-object (SVO) 
sentences in American Sign Language (ASL). During the test, the participants first watch a 3-
second ASL sentence signed by a native signer. Next, they are presented with a picture that either 
matches or mismatches with the previous sentence. Responses to the picture (match vs. 
mismatch) as well as the response time are recorded for each item. We tested three groups of 
ASL signers: deaf native signers, deaf late L1 learners, and hearing L2 learners with ASL 
classroom experience. We included 4 sentence conditions contrasting in event probability and 
argument animacy (Figure 1). Each condition consisted of 12 stimuli with matched pictures and 
12 stimuli with mismatched pictures that involved reversed thematic roles. There were also 96 
control stimuli consisting of noun phrases and intransitive sentences, where the mismatch picture 
involved a change of one compositional component. 

Figure 2 shows the d-prime scores from 22 participants collected so far. Native deaf 
signers and hearing L2 learners showed high signal sensitivity across all conditions. Deaf late L1 
learners showed slightly lower but still positive d-prime scores for the filler condition and the 
probable conditions, but negative d-prime scores  (i.e. more likely to falsely accept probable 
pictures) for both improbable conditions (main effect of event probability, p < 0.001), while subject 
animacy does not facilitate their performance (p = 0.41). These results suggest that late L1 
learners do not fully rely on abstract syntactic structures such as basic word order when 
comprehending simple ASL sentences in real time. Instead, they tend to adopt the probable event 
strategy, just like three-year-olds, as reported in literature.  

Our preliminary findings suggest that late L1 learners may show a discontinuity in syntactic 
development due to general difficulties in using abstract syntactic rules to map thematic roles, 
even in the simplest form of sentences. This difficulty prevents the subsequent acquisition of 
complex sentence structures. 
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Figure1: test conditions and examples  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: preliminary results -- accuracy by condition and group 
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Revisiting a critical period for syntax in a second language: New analyses provide the same results

People who begin learning a language in adulthood are often saddled with an accent and conspicuous
grammatical errors. The question of why has been subject to intense investigation, without much agreement.
Does children’s advantage come from superior neural plasticity, an early start that gives them additional
year of learning, limitations in cognitive processing that prevent them from being distracted by irrelevant
information, a lack of interference from a well-learned first langauge, a greater willingness to experiment
and mae errors, a greater desire to conform to their peers, a greater likelihood of learning through immersion
in a community of native speakers, or something else?

One reason these possibilities have been hard to disentangle is that, until very recently, researchers were
unable to measure when the ability to learn syntax begins to change. Instead, researchers have focused on
tangential questions like the age at which someone must start learning a new language in order to eventually
reach native-like proficiency (e.g., Johnson & Newport, 1989). Unfortunately, it can be shown that such data
have no bearing on the core question of when children begin to lose the ability to learn syntax (Hartshorne,
Tenenbaum, & Pinker, 2018).

Hartshorne, Tenenbaum, and Pinker (2018; henceforth HTP) addressed this issue through the combina-
tion of a massive dataset — syntax test results for 669,498 English learners — and a novel analytic model
designed to disentangle the age at which the individual began learning English, their current age, the number
of years they had been learning English, and whether they learned in an immersion context. Specifically,
they modeled syntax acquisition as a simple exponential learning process:

g(t) = 1� e
R t
te

�Erdt (1)
where g is grammatical proficiency, t is current age, te is age of first exposure, r is the learning rate, and E
is an experience discount factor, modeled separately for monolinguals, simutaneous bilinguals, immersion
learners, and non-immersion learners. Critically, r is allowed to vary as a function of age:

r(t) =

(
r0 t  tc

r0(1� 1
1+e�↵(t�tc��) ) t > tc

(2)

where r0 is the initial learning rate for children, which begins to decline sigmoidally at critical age tc, with
shape parameters ↵ and �. (te is age of exposure.) The model inferred a sharp, discontinuous drop in
learning rate at 17.4 years old.

We re-analyzed the (publicly available) dataset to address concerns raised by Frank (2018) and others.
First, HTP treated (elogit-transformed) test accuracy as a measure of each subject’s syntactic knowledge.
Frank (2018) suggests instead applying a psychometric Item Response Theory (IRT) model to the data,
which would result in a more precise estimate of syntactic knowledge. Second, one may reasonably worry
that HTP’s observation of a discontinuity at 17.4 years could be an artifact of (2), which cannot represent
a sharp but continuous decline that later tapers off (see Fig. 1). Thus, we replaced (2) with a function that
glues together two sigmoids, a more flexible option that can infer a wider variety of shapes (Fig. 1):

r =

(
r0(1� 1

1+e�a1(t�te�d1)
) t  ta

r0(1� 1
1+e�a2(t�te�d2)

) t > ta
(3)

where:

ta =
a1 ⇤ d1 � a2 ⇤ d2

a1 � a2
(4)

Both improvements to the analysis cause slight changes to the results, but without changing the headline:
a fairly sharp decline starting around 17-18 years (Figs. 2-3; Table 1). Thus while we believe the new
analyses present a step forward in precision, the results should increase confidence in the robustness of
HTP’s findings. We discuss other potential concerns about analysis of critical period data and how they
might be addressed.
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Figure 1: HTP’s model could learn functions for r
with a number of shapes (Panels A-E). However, it
was incapable of inferring a rapid and continuous
decline followed by a more gentle decline (Panel F;
compare witih Panel E). The revised learning rate
equation (3-4) can capture all of the above shapes,
among others.
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Figure 2: Inferred age-related changes in learning
rates, using the original HTP learning rate model or
the new model, and using accuracy or IRT-inferred
ability.
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Figure 3: Accuracy (empirical logit) vs. ability as
inferred by a 3-factor Item Response Theory model.
The correlation is less than 1 because IRT weights
each test item according to its (inferred) informa-
tiveness.

Ability Estimate Model Type R2 age at 90% of max age at 95% of max age at 99% of max
Elogit HTP .911 17.8 17.8 17.8
Elogit continuous .911 17.1 16.95 16.5
IRT HTP .902 17.7 17.7 17.7
IRT continuous .902 17.3 17.1 16.7

Table 1: Table of R2 values and critical period inferences for the four analyses. Note that while HTP’s
model infers a specific age at which learning rate begins to decline, the new continuous model declines at
all ages, albeit potenitally very slowly. Thus, to compare the models, we found the age at which learning
rate falls to 90%, 95%, or 99% of the learning rate at birth.

References Frank, M. C. (2018). With great data comes great (theoretical) opportunity. Trends in
cognitive sciences. Hartshorne, J. K., Tenenbaum, J. B., & Pinker, S. (2018). A critical period for second
language acquisition: evidence from 2/3 million English speakers. Cognition, 177, 263-277. Johnson, J. S.,

& Newport, E. L. (1989). Critical period effects in second language learning: The influence of maturational
state on the acquisition of English as a second language. Cognitive psychology, 21(1), 60-99.
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Structure before content: Long-distance dependency in sentence production 
Shota Momma (UCSD), Masaya Yoshida (Northwestern U.) & Victor Ferreira (UCSD) 
shotam2@gmail.com 
In long-distance dependency processing, it is widely known that comprehenders predict the gap 
before encountering gap-hosting verbs, without knowing the words intervening between the filler 
and the gap (Stowe, 1986; Omaki et al., 2016, a.o). Here we show that, in sentence production, 
speakers plan the syntactic structure of the verb phrase containing the gap before producing the 
filler and before planning the words between the filler and the gap. We argue that speakers 
establish the syntactic dependency between the filler and the gap before planning the 
intervening words, just like comprehenders do. 
Design: We took advantage of the syntactic constraint that prohibits the extraction of goal 
arguments from double object sentences (henceforth Kuroda constraint; Kuroda, 1968; 
Merchant, 2001). This constraint prohibits sentences like *Whoi is John giving ti the book? but 
does not prohibit the minimally different sentences like Whoi is John giving the book to ti. The 
main purpose of the current experiment is to exploit this constraint to probe when speakers plan 
the verb phrase containing the gap. On each trial, participants were first syntactically primed for 
either prepositional datives (PD, e.g., the girl is reading the book to the boy) or double object 
datives (DO, e.g., the girl is reading the boy the book; Bock, 1986), and then described picture 
stimuli (n = 72) using the target verb given to them (e.g., give, show, hand). Fig. 1 and Fig. 2 
show sample picture stimuli. The participants (n = 74) were pre-trained to produce sentences 
like the following as a response: 
 (1) Who is the doctor giving the trumpet to. [goal extraction] 
 (2) Who is giving the trumpet to the burglar. [agent extraction] 
When speakers were primed with a DO, they were expected to experience processing difficulty 
in goal extraction sentences like (1). This is because the DO priming conflicts with the constraint 
on goal extraction that prohibits the use of double object dative structures. Critically, the timing 
of this “adverse dative-priming effect” should correspond to the time point at which speakers 
plan the verb phrase structure containing the gap. This is because, without planning the VP 
structure, speakers cannot represent whether the constraint in question is relevant to the 
sentence they are producing. Independently, we assessed the effect of codability of the theme 
argument depicted in the picture on production (how hard it is to choose a specific name given a 
picture), using norms obtained by Szekeley et al. (2004). Codability affects the lemma selection 
process (e.g., Griffin, 2001), and therefore the timing at which this effect is observed should 
indicate the timing of lemma selection for theme arguments. We localized the adverse dative-
priming and codability effects to a specific word in sentence production using a text-to-speech 
alignment algorithm (Yuan & Lieberman, 2008). By comparing the relative timing of the adverse 
dative-priming effect and the codability effect, we can estimate the relative timing of planning the 
verb phrase structure containing gap vs. theme nouns. Results: Speakers almost never 
produced DO sentences when in goal extraction sentences like (1) (< 1%), suggesting that the 
Kuroda constraint is robust. In contrast, they readily produced DO sentences in agent extraction 
sentences like (2) (around 19%). Critically, given DO-primes, speakers were slower to start 
speaking the goal extraction sentences like (1), but not agent extraction sentences like (2) (Fig. 
3, interaction p < .05, see also Table 1). In contrast, speakers were not slower to start producing 
sentences with less codable theme arguments, but they were slower to speak the verb (e.g., 
giving) in both agent and goal extraction sentences (Fig. 4). This suggests that speakers 
planned the VP structure containing the gap before sentence onset, and later planned the 
theme nouns on a just-in-time basis. Conclusion: Speakers plan the VP structure containing 
the gap before the onset of sentence-initial wh-words, and before planning the theme 
arguments intervening between the filler and the gap. This time-course of planning suggests 
that speakers establish syntactic dependencies between the filler and the gap before planning 
intervening words using a top-down structure-building algorithm, just like comprehenders. We 
suggest that the same top-down structure-building algorithm for establishing long-distance 
dependency is shared between comprehension and production. 
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 !       !    
Fig. 1 (left) and Fig 2 (right). The sample picture stimuli used. With proper pre-training, the left 
picture elicited: Who is the doctor giving the trumpet to (goal extraction). The right picture 
elicited: Who is giving the trumpet to the burglar / the burglar the trumpet (agent extraction). 

!  
Table. 1: Average onset latency + word-by-word production time by condition. 
 

!  
Fig. 3: Adverse syntactic priming effect in the onset latency + word-by-word production duration 
(difference plot). The error bar represents the standard error of the means. 
 

! !  
Fig. 4: Object codability effect in the onset latency + word-by-word production duration in agent 
extraction sentences (left) and goal extraction sentences (right). The y-axis represent the beta 
value of the codability variable, based on mixed effects models constructed for each region.
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Number attraction effects in production: Errors and speech rate profiles narrow a production-
comprehension contrast 
Margaret Kandel (Harvard U), Cassidy Wyatt, Lalitha Balachandran, & Colin Phillips (U of Maryland) 
mkandel@g.harvard.edu 
Systematic errors, such as number attraction errors, provide a window into the incremental 
process of language production. In number attraction, nearby or intervening material interferes 
with normal agreement processes, as in (1). Previous studies show that subject-verb (S-V) 
number agreement errors are elicited in the same environments where listeners are susceptible 
to agreement grammaticality illusions in comprehension [1,2,3,4]. Interestingly, although 
reflexive-antecedent (R-A) agreement attraction effects are weak or non-existent in 
comprehension [5,6,7,8], R-A agreement demonstrates attraction susceptibility in the standard 
laboratory error elicitation paradigm [9,10]. In this paradigm, participants hear a preamble and 
are instructed to repeat and complete it as a full sentence. This paradigm involves both 
comprehension and production as well as a memory task, which could result in sentence 
completion strategies that differ from naturalistic production. We introduced a novel paradigm 
(cf. [11]) to investigate whether previously-observed S-V and R-A agreement error patterns hold 
in a more natural task. In a series of four experiments, we compared attraction susceptibility of 
the two dependency types in both paradigms, measuring error rates and using a forced-aligner 
[12] to look for attraction effects in timing even in trials with no errors. We found that while error 
patterns and time-course in attraction environments are similar for S-V agreement in both 
paradigms, there is a distinct contrast for R-A agreement in the two paradigms. 
Exp1: Participants were introduced to three types of alien and the nonce action mimming; when 
an alien mims, its antenna lights up. In the task, participants watched and described scenes of 
mimming (Fig1), using spatial prepositions to disambiguate which alien(s) performed the action. 
We manipulated the number of the aliens in the scenes so that the NPs in the SubjP either 
matched or mismatched in number (Table1). We found standard agreement attraction effects, 
reflected in higher error rates and probabilities in mismatch conditions (Fig3a). Even in correct 
trials, attraction effects could be seen in slowdowns localized immediately prior to verb onset. 
Exp2: In the second experiment, mimming was introduced as a transitive action; aliens could 
either mim themselves (causing their own antennae to light up) or mim others (causing the other 
aliens’ antennae to light up) (Table1; Fig2). Agreement errors on reflexive pronouns were 
infrequent, with no significant mismatch effect (Fig3b). Speech rate analysis of correct trials 
found no evidence of increased slowdowns prior to reflexive onset in mismatch environments. 
Exp3: The SubjPs of the target sentences from Exp1 were used to create preambles for a 
preamble elicitation paradigm (Table2). Both the error patterns (Fig3c) and speech rate analysis 
of correct sentences paralleled the findings of Exp1. 
Exp4: The reflexive sentences from Exp2 were used to create stimuli for a preamble paradigm 
(Table2). Participants produced more agreement errors than in Exp2 (though the rate was lower 
than in [9,10]), with errors significantly more likely in the mismatch conditions (Fig3d). Speech 
rate analysis revealed slowdowns localized prior to reflexive onset in the mismatch conditions. 
Conclusion: Drawing on both error rates and timing effects, we show that elicitation paradigm 
changes attraction susceptibility for R-A but not S-V agreement. Verb errors in our paradigm 
align with previous results (more errors in mismatch conditions, with evidence of markedness 
effect), and timing analysis reveals attraction effects even when no error is present, supporting 
the verb response time effects in [13] with a more natural paradigm. Our data suggest minimal 
R-A attraction susceptibility in production, parallel to comprehension findings. The contrast in 
attraction susceptibility of the two dependencies in our paradigm suggests that they are 
computed differently or at different points in the production process; for instance, the reflexive 
form may be driven directly by the message or lemma level, whereas verb forms are computed 
through an inflection process referencing the SubjP, or the reflexive may be selected before the 
constituent structure has been built that makes the local NP available as an attractor. Reflexive 
errors may be more common in the preamble paradigm if speakers plan the reflexive only after 
repeating the preamble, requiring them to reference the SubjP when the local NP is available in 
the constituent structure; pre-reflexive gaps across conditions were significantly longer in Exp4 
than Exp2, supporting the hypothesis that the natural agreement process is disrupted. 

norielleadricula
Text Box
Talk Session 2, Friday, 11:15 - 11:40am
Location: The Ballroom



 

(1) *The key to the cabinets are on the table. 
Table 1: Exp1 & Exp2 Sample Sentences 

Condition Sub-
Condition 

Exp1 Sample Sentence Exp2 Reflexive Sample 
Sentence 

Exp2 Transitive Sample 
Sentence 

Match SS The bluey above the greeny is 
mimming 

The bluey above the greeny 
mimmed itself 

The bluey above the greeny 
mimmed it 

Match PP The pinkies below the greenies 
are mimming 

The pinkies below the greenies 
mimmed themselves 

The pinkies below the greenies 
mimmed them 

Mismatch SP The greeny to the left of the 
blueys is mimming 

The greeny to the left of the 
blueys mimmed itself 

The greeny to the left of the 
blueys mimmed them 

Mismatch PS The blueys to the right of the 
pinky are mimming 

The blueys to the right of the 
pinky mimmed themselves 

The blueys to the right of the 
pinky mimmed it 

SS = singular head NP, singular local NP; PP = plural head NP, plural local NP 
SP = singular head NP, plural local NP; PS = plural head NP, singular local NP 

Table 2: Exp3 & Exp4 Sample Sentences 
Condition Sub-

Condition 
Exp3 Sample Preamble (completed with 
is/are mimming) 

Exp4 Sample Preamble (completed with 
itself/themselves) 

Match SS The bluey above the greeny… The bluey above the greeny mimmed… 
Match PP The pinkies below the greenies… The pinkies below the greenies mimmed… 
Mismatch SP The greeny to the left of the blueys… The greeny to the left of the blueys mimmed… 
Mismatch PS The blueys to the right of the pinky…  The blueys to the right of the pinky mimmed… 

Fig1: Exp1 trial scene                               Fig2: Exp2 trial scene 

                                 
 
 
 

Fig 3: Error Rates & Probabilities 
a) Exp1         b) Exp2    
 
 
 
 
 
 

  
c) Exp3        d) Exp4 
 
 
 
 
 
 
 

References: [1] Bock, JK & Miller, CA. (1991). Cog Psych, 23, 45-93. [2] Bock, JK & Cutting, JC. (1992). JML, 31, 99-127. [3] Nicol, 
JL, Forster, KI, & Veres, C. (1997). Psych Review, 104, 266-300. [4] Pearlmutter, NJ, Garnsey, SM, & Bock, JK. (1999). JML, 11, 
427-456. [5] Xiang, M, Dillon, B, & Phillips C. (2009) Brain & Lang, 108, 40-55. [6] Dillon, B, Mishler, A, Sloggett, S, & Phillips, C. 
(2013). JML, 69, 85-103. [7] Cunnings, I & Sturt, P. (2014). JML, 75, 117-139. [8] Parker, D & Phillips, C. (2017), JML, 94, 272-290. 
[9] Bock, JK, Nicol, J,  & Cutting, JC. (1999). JML, 40, 330-346. [10] Bock, JK, Eberhard, KM, & Cutting, JC. (2004). JML. 51, 251-
278. [11] Nozari, N & Omaki, A. (2018). Annual Conference of the CogSci Society, 40, 824-829. [12] McAuliffe, M, Socolof, M, 
Mihuc, S, Wagner, M, & Sonderegger, M. (2017). Montreal Forced Aligner v1.0.0. [13] Staub, A. (2009). JML, 60, 308-327. 

Each scene contained two groups of aliens. 
Participants were given 1s of preview (left) before the 
action occurred in one of the two groups (right); after 
the action, the scene remained on screen for 3s. 
Participants were encouraged to finish speaking before 
the trial ended. 
 

After 1s of preview, the alien(s) performing the mimming pulsed for 1s 
(left; pulsing represented with the blue lines), after which the same 
alien(s)’ antenna(e) lit up (reflexive condition, pictured above; right) or a 
different alien(s)’ antenna(e) lit up (transitive condition). After the 
antenna(e) lit, the scene remained on screen for 3s. Participants were 
encouraged to finish speaking before the scene disappeared. 
 

*** 
 

*** 
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Remember ‘him’, forget ‘her’: Gender bias in the comprehension of pronominal referents
Veronica Boyce (MIT), Titus von der Malsburg (University of Potsdam), Till Poppels (UCSD), Roger

Levy (MIT)

vboyce@mit.edu

In rational theories of linguistic communication, utterances convey features of a world model

that the speaker has in mind, which the listener reconstructs by integrating utterance content with

prior world knowledge and event expectations. In these theories, production and comprehension

characteristically are mutually calibrated through Bayesian inference: interpretive preferences

reflect the joint influence of prior expectations and speaker preferences for how to linguistically

encode a given world-model feature (the likelihood). If, controlling for prior probabilities, form x leads

to a stronger inference of world feature a than the inference from form y to world feature b, then a

corresponding production preference should hold in: P (x|a) > P (y|b). Here we document a case

involving expectations for referent gender and production and interpretation of gendered pronouns

in which this calibration between production and comprehension fails to hold: comprehenders treat

he pronouns as a stronger signal of the referent being male than she pronouns are of the referent

being female, but there is no corresponding asymmetry in pronoun production preferences.

We report two experiments, both using a set of 80 role nouns with diverse gender stereotypes

(ex. diplomat, butler, nanny, reporter ). In experiment 1, 149 participants each completed 20

passages designed to elicit pronouns referring to a role noun (ex. The day before the championships,

the gymnast worked out. Before and after working out, the gymnast stretched ... ). In experiment

2, 712 participants read researcher-completed versions of the same passages, containing either

a she, he, or they pronoun referring to the role noun or a repeat of the role noun (ex. The day

before the championships, the gymnast worked out. Before and after working out, the gymnast

stretched her muscles to avoid getting sore.). After reading 1,4, or 8 vignettes (plus completing

a short working memory task), participants were asked to recall the gender of each referent in a

forced choice task (options were ‘male’, ‘female’, and ‘other’).

To create an implicit norm, 569 participants completed a gender recall task where all vignettes

repeated the role noun instead of using a pronoun. We used this to create an implicit norm by

taking the number of ‘female’ responses divided by the sum of ‘male’ and ‘female’ responses. To

create an explicit norm, we asked 51 participants to rate role nouns for how male or female they

were (ex. If you encounter a gymnast, how likely are they to be female?) and created a norm by

inverting the ‘how male’ results, averaging, and rescaling. The implicit norm was highly correlated

with the explicit norm (r=.83), but nouns were rated as consistently more male-biased in the implicit

norm compared to the explicit norm (Fig. 2).

The pronoun completions from experiment 1 generally track the stereotype of the noun (Fig.

4). However, compared to the explicit norm, we see a bias toward producing he more than she

for neutral nouns. This implies that use of she implies more confidence in the femaleness of the

referent than he implies about the maleness. Using the implicit norm does not reveal a bias and

makes she and he appear equally strong. When it comes to recalling gender, she and he are not

equal. The impact that he has on a referent being remembered as ‘male’ is greater than the impact

she has on a referent being remembered as ‘female’ (Figs. 1 and 3). Additionally, we see that as

the number of trials increase, the effect of pronoun diminishes, but does not entirely go away (Fig.

1). In this area, he is interpreted as being more indicative of maleness than she is of femaleness.

This is the opposite of what might be expected from the production data.

From this mismatch, we conclude that comprehension and production are miscalibrated with

regard to conveying referent gender, in a way that could lead listeners to infer more maleness of

referents than the speaker intended to convey. Given how often we use pronouns and role nouns in

communication, this distortion is both scientifically interesting and socially troubling.
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Sample Stimuli:
Experiment 1: After the shop on High Street closed for the night, a baker stayed to tidy up. Before the baker

took out the trash, [she|he|they|the baker] swept the floor and wiped down the counter.

Experiment 2: After the shop on High Street closed for the night, a baker stayed to tidy up. Before the baker

took out the trash, . . .
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Figure 1: Gender recall responses by trial count, pronoun seen,

and implicit noun norm. Comparing he and she, we see a stronger

link between he and male responses than between she and

female responses. For they, recalled gender tends to reflect

the noun stereotype. Pronoun effects weaken as trial count

increases.
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Figure 2: Relation between implicit norm

(gender recall in absence of pronoun) and

explicit norm (stated gender expectations).

The two norms are highly correlated (r=.83),

but the implicit norm tends to label nouns

as more male.

●

●

●

●

●

●

●

●

●

●

0.00

0.25

0.50

0.75

1.00

0.3 0.5 0.7
<−mismatch   neutral    match−>    

 Match of implicit noun norm to pronoun

Fr
ac

tio
n 

re
sp

on
se

s 

Pronoun ● ●He She

Figure 3: Match of recalled gender to pro-

noun. The connection between seeing he

and recalling male is stronger than the con-

nection between seeing she and recalling

female.
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Figure 4: Pronoun completions by noun norms. Using the explicit

norm, cloze completions are biased, with more he than she for

neutral nouns, meaning that she is a stronger marker of female

gender than he is of male. Compared to the implicit norm, cloze

completions are unbiased, and he and she are equally strong.



Sentence-planning strategies in adults who stutter: An eye-tracking study 
Kerianna Frederick & Yi Ting Huang (University of Maryland College Park) 

Stuttering is a developmental disorder involving abnormal breaks in speech production, and af-
fects over 3 million individuals in the US. Although the hallmarks of stuttering are highly visible 
(e.g. silent/audible repetitions, prolongation of word/syllables), it remains unclear what produc-
tion processes give rise to these patterns. At the single-word level, adults who stutter exhibit 
similar speech-initiation times as typically fluent peers (Hennessey et al., 2008), but may experi-
ence increased challenges with infrequent words (Newman et al., 2007). At the sentence level, 
adults who stutter are slower to initiate speech, particularly for syntactically complex sentences 
(Logan, 2003; Tsiamtsiouris & Cairns, 2009). This suggests that stuttering impacts production at 
multiple levels. However, since past studies investigate words and sentences separately (i.e., 
measuring one or the other), they leave open how these processes interact  and how adults 
who stutter differ from typically fluent peers. Tackling this gap in knowledge is critical since sen-
tences convey thought through constituent words. Thus, the demands of early-arriving words 
may impact planning of later-arriving elements differently across speakers. 
To compare sentence production in adults who stutter and typically fluent adults, this study used 
an eye-tracking while speaking task. Groups (n=9 in each) were matched on age, gender, and 
education. On each trial, participants saw displays of three pictures (A, B, C) and produced sen-
tences in the frame “A and B are above C.” The ease of lexical retrieval (frequent/more codable 
vs. infrequent/less codable) and word position in the sentence (A vs. B) were manipulated, lead-
ing to four trial types: 1) EasyA/EasyB (e.g., “car and baby”), 2) EasyA/HardB (e.g., “car and 
wood”), 3) HardA/EasyB (e.g., “fish tank and baby”), 4) HardA/HardB (e.g., “fish tank and 
wood”). Picture C always involved simple shapes (e.g., circle). In past work (Griffin, 2001), typi-
cally fluent adults generate longer fixations when producing infrequent words and less codable 
pictures. Moreover, they begin encoding later-arriving pictures (e.g., B) before they finish articu-
lating early-arriving elements (e.g., A). Importantly, if production challenges in adults who stutter 
are limited to lexical retrieval, then infrequent/less codable words may lead to longer fixation du-
rations relative to typically fluent peers. However, groups may reveal similar effects of word po-
sition. In contrast, if properties of early-arriving pictures lead adults who stutter to adopt distinct 
strategies for planning later-arriving elements, then fixations may differ according to both the 
ease of lexical retrieval and word position, relative to typically fluent peers. 
To examine lexical-retrieval effects across groups, we first separated trials based on properties 
of picture A and examined total-fixation times on picture B. When lexical retrieval for picture A 
had been difficult, all speakers generated longer fixations when picture B was also difficult com-
pared to easy (p<.01). There was no effect of group (p>.60). However, when picture A was 
easy, lexical-retrieval effects on picture B were exaggerated in adults who stutter compared to 
typically fluent peers (lexical ease x group, p<.05). To understand whether this reflects greater 
challenges with lexical retrieval or distinct planning strategies, we separated trials based on 
group and examined gaze duration on picture A. Typically fluent adults revealed a paradoxical 
pattern: Fixations were longer when picture A was easy relative to difficult (p<.01), and this dif-
ference was marginally greater when picture B was difficult (lexical ease x position, p<.10). 
Thus, when picture A was easy to retrieve, typically fluent adults planned the next element. In 
contrast, for adults who stutter, fixations during picture A were not affected by lexical properties 
or word position (p’s>.30). This absence of pre-planning may explain why adults who stutter ex-
perienced exaggerated difficulty on picture B. While typically fluent peers sometimes planned 
picture B while fixating on picture A, adults who stuttered always planned picture B while on B. 
Importantly, when retrieving picture A was made difficult, this blocked pre-planning for all speak-
ers and group differences on picture B disappeared. Together, these findings suggest that 
adults who stutter may adopt less flexible strategies for planning words in sentences. We will 
discuss this work in relation to prior production research (typical and atypical). 
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Testing Processing Explanations of Word Order Universals 
Michael Hahn (Stanford), Richard Futrell (UCI) 

mhahn2@stanford.edu 
A prominent class of language universals are the harmonic word order correlations (Greenberg,             
1963): E.g., whether a language puts verbs before or after objects strongly determines whether              
it places auxiliaries before or after verbs, whether it has prepositions or postpositions, etc. A               
prominent explanation is in terms of processing efficiency (Hawkins, 1990): Grammars of            
languages are viewed as solutions to the problem of optimizing for processing efficiency             
measures that are valid across languages. We computationally evaluate such explanations.
Approach We specify a simple probabilistic model of grammar as it relates to word order,               
where grammars have parameters that can be optimized for metrics of processing efficiency.             
Applying these grammars to tree structures found in dependency corpora of 51 languages             
(Figure 1), we optimize the grammar parameters for three different metrics of processing             
efficiency. We test whether the resulting grammars exhibit the harmonic order correlations.
Word Order Models We specify simple parametric word order grammars that transduce            
unordered dependency trees into strings of words (Figure 1, cf. Gildea & Jaeger, 2015). In our                
model, the position of a word in relation to its head and to its siblings is determined by the the                    
label of the syntactic relation, taken from the largely language-independent inventory of            
Universal Dependencies (UD, Nivre et al., 2017). The grammar is parameterized by distance             
and direction parameters for each dependency. We say a word order grammar exhibits a word               
order correlation between two dependencies if the direction parameters for the dependencies            
have the same sign. Processing Metrics We consider three processing metrics, each of which              
have been argued to be optimized by word orders found in natural language: (1) Minimizing the                
length of syntactic dependencies (Rijkhoff, 1986; Hawkins, 1990; Futrell et al., 2015); (2)             
minimizing the surprisal of each word in context (Hale, 2001; Gildea & Jaeger 2015); and (3)                
maximizing the accuracy of syntactic parsing (Hawkins, 1990). We additionally consider the sum             
of (2) and (3). We implement (2) and (3) using neural-network-based methods that underlie              
state-of-the-art NLP systems (Jozefowicz et al., 2016; Dozat et al., 2017). Word order grammars              
are optimized for each of the three metrics by taking tree topologies from a dependency corpus                
and applying stochastic gradient descent to optimize the average value of the metric over              
linearized trees (Figure 1). Setup We use all UD 2.1 languages for which at least one            
training set was available, a total of 51 languages. For each UD language, we created optimized                
grammars for each of the three criteria, repeating 8 times to control for variance in optimization.

Results Which of the Greenbergian correlations are reproduced by the optimized           
grammars? We base our evaluation on the list of correlations in Dryer (1992). Discarding              
correlations that could not be formalized in UD and merging some that could only be formalized                
together, we obtained 10 formalized correlations in UD (Table 1). Eight of these were supported               
by the orders found in the majority of UD corpora. We evaluated which of the correlations were                 
instantiated in significantly more than 50% of the optimized languages for each processing             
metric, with random effects for languages and language families. Eight correlations were            
predicted by Dependency Length Minimization. Surprisal predicted four, parsability six of the            
correlations. Metrics (1) and (3) largely made overlapping predictions, and (2) made            
complementary predictions. All but two correlations were predicted by at least one of the              
metrics. Conclusion Our results (Table 1) show that a large subset of the            
Greenbergian word order correlations, to the extent that they can be formalized in UD, are               
predicted by minimizing dependency length, minimizing surprisal, and/or maximizing parsability.          
This supports processing-based explanations of word order universals. 
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Figure 1:  Applying ordering grammars to tree 
topologies from dependency corpora, we obtain 
counterfactual corpora. We optimize the 
weights of ordering grammars to optimize for 
processing metrics as computed on the 
obtained counterfactual corpora. 

 
 

 
 
Table 1. Greenbergian Correlations: In Dryer (1992), all correlations are relative to the order of verbs and objects. 
Thus, each correlation is stated in terms of a pair of a ‘verb patterner’ and an ‘object patterner’ (the ‘Correlates with...’ 
column), whose relative order correlates with that of verbs and objects. We organize the correlations by the category 
of the ‘verb patterner’. For each correlation, we give our operationalization in terms of UD. We then report how many 
(in %) of the UD languages satisfied it (‘Real’). We then report, for each correlation and each processing metric, how 
many (in %) of the optimized grammars satisfy the correlation, with the two-sided significance level in a logistic 
mixed-effects analysis across languages and language families. 
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Crosslinguistic Word Orders Enable an Efficient Tradeoff of Memory and Surprisal 
Michael Hahn (Stanford), Judith Degen (Stanford), Richard Futrell (UCI) 

mhahn2@stanford.edu 
Online memory limitations are well-established as a factor impacting sentence          

processing and have been argued to account for crosslinguistic word order regularities. Building             
off expectation-based models of language processing (Hale, 2001; Levy, 2008; Futrell & Levy,             
2017), we provide an information-theoretic formalization of these memory limitations. We           
introduce the idea of a memory-surprisal tradeoff: comprehenders can achieve lower average            
surprisal per word at the cost of storing more information about past context. We show that the                 
shape of the tradeoff is determined in part by word order. In particular, languages will enable                
more efficient tradeoffs when they exhibit information locality : when predictive information           
about a word is concentrated in the word’s recent past (Futrell & Levy, 2017). We show                
evidence from corpora of 46 real languages showing that languages allow for more efficient              
memory-surprisal tradeoffs than random baseline word order grammars. Theoretical results .  
The idea of the memory-surprisal tradeoff is visualized in Fig. 1: for each desired level of                
average surprisal, there is a minimum number of bits of information which must be stored about                
context. The shape of the trade-off is determined by the language: some languages enable              
more efficient trade-offs than others by forcing a listener to store more bits in memory to achieve                 
the same level of average surprisal. We derive the precise form of the memory-surprisal tradeoff               
in Theorem 1 (Appendix). We demonstrate that languages with stronger information locality lead             
to more favorable tradeoffs, enabling listeners to incur lower surprisal at the same level of               
memory load. Experiment 1: We analytically calculated the comprehender’s memory-surprisal          
tradeoff for the artificial languages from Fedzechkina, Chu and Jaeger (2017). In that work,              
learners were given input consistent with two possible word order grammars: one favoring short              
dependencies and the other favoring long dependencies. Learners consistently had a bias to             
infer the grammar favoring short dependencies. We find that the grammar favored by learners              
enables more efficient memory-surprisal tradeoffs than the one dispreferred by learners. 
Experiment 2: We investigated whether word orders as found in natural language grammars             
optimize the comprehender’s memory-surprisal tradeoff by comparing corpora of real languages           
against hypothetical reorderings of those languages under random baseline grammars. Data           
We used treebanks of 46 languages, mostly from Universal Dependencies. Baseline Orders            
For each language, we constructed counterfactual word order rules by sampling, for each             
syntactic relation (subject, object, …) used in the treebank annotation, its position relative to the               
head and other of siblings (similar to Gildea & Temperley, 2010). For each language and each                
such set of rules, we reordered the treebank according to these counterfactual word order rules.               
Estimating Memory For each language and its counterfactually ordered versions, we estimated            
the listener’s surprisal-memory tradeoff (Theorem 1) using an LSTM recurrent neural language            
model. We encoded the input by concatenating POS and morphological information provided in             
the treebanks. Experiments with full word forms on high-resource languages led to similar             
results. Results Tradeoff curves are shown in Figure 2. In 43 out of 46 languages, the observed                 
orderings led to more favorable tradeoffs than 50% of the counterfactual orderings (Exceptions:             
Armenian, North Sami, Polish). 33 of the languages produce tradeoffs more favorable than 90%              
of the counterfactual orderings. 
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Figure 1: Conceptual tradeoff between 
memory and surprisal for two languages. 
In Language A (blue), a comprehender 
storing 1 bit can achieve average surprisal 
3.5, while the same level of surprisal 
requires 2 bits of memory for a 
comprehender in Language B (red). 

 

 
 

 

Figure 2: Estimated 
tradeoffs between 
memory and surprisal 
in 46 languages. Blue 
curves represent 
actual orderings; red 
curves represent the 
average over 
counterfactual 
orderings. Axes are as 
in Figure 1. 

 



Language Processing is Both Incremental and Segmental -- 
and the Balance May Shift with Aging 

 
Elizabeth A L Stine-Morrow 

Beckman Institute and the Department of Educational Psychology 
University of Illinois 

 
A considerable body of contemporary research now supports the idea that language is 
processed incrementally as the text or speech unfolds. Often neglected is the role played by 
segmental processing in which concepts are integrated and ambiguity is resolved for syntactic 
units as whole. A significant indicator of segmental processing is an increase in reading time for 
clause-final and sentence-final words, a phenomenon called “wrap-up.” The size of the wrap-up 
effect has been shown to increase with the conceptual load of the prior text and with 
ambiguity, suggesting that wrap-up reflects the engagement of integration meaning resolution 
processes in comprehension. Wrap-up effects have been found to decrease with demands of 
orthographic processing, with concomitant disruption of recall performance. Wrap-up at clause 
and sentence boundaries reduces the parafoveal preview benefit relative to sentence-internal 
positions, especially for older adults, and older (but not younger) adults show an increase in 
wrap-up under dual-task demands, suggesting that wrap-up engages age-sensitive attentional 
processes. Conditionalized on recall performance, wrap-up effects are reduced when 
knowledge can be used to aid interpretation, especially among older readers. Individual 
differences in sentence wrap-up effects are (a) reliable over time, as well across different texts 
read in close temporal proximity, (b) predictive of subsequent recall, and (c) predicted by verbal 
ability, by literacy skill, and controlling for verbal ability, by print exposure. Wrap-up effects are 
even observed among cognitively impaired older adults, but the relationship between wrap-up 
and recall is reduced. Collectively, these findings suggest that the computations needed for 
comprehension are not always fully completed during incremental processing, and that 
segmental processing is a procedural skill that affords the opportunity for attentionally 
demanding integration and meaning-consolidation processes. With lifelong literacy 
engagement, the procedural skill of segmentation may remain intact, but meaning 
consolidation processes, which are demanding of attentional resources, may be conducted less 
consistently with age unless supported by knowledge.    
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Reference and perspective taking across the adult lifespan  
Raheleh Saryazdi & Craig G. Chambers, University of Toronto 

raheleh.saryazdi@mail.utoronto.ca 
 

A key question in the psycholinguistics of reference is whether listeners use common 
ground during the earliest moments of referential interpretation (e.g., Keysar et al., 2000; 
Brown-Schmidt & Heller, 2018). To date, the balance of evidence suggests common ground 
rapidly guides real-time language processing in both children (e.g., Nadig & Sedivy, 2002; 
Nilsen & Graham, 2009) and younger adults (e.g., Brown-Schmidt et al., 2008; Hanna et al., 
2008; Heller et al., 2009). Surprisingly, there is little research exploring common ground in older 
adults' comprehension, with most work focusing on language production (e.g., Healey & 
Grossman, 2016; Long et al., 2018). Nonetheless, older adults provide an intriguing test case. 
On the one hand, they are often described as drawing on context more heavily than younger 
adults (Pichora-Fuller, 2008). On the other hand, communicative perspective-taking is thought 
to depend on aspects of executive function such as inhibition and working memory (Brown-
Schmidt, 2009; Cane et al., 2017; Nilsen & Graham, 2009; Symeonidou et al., 2016), in which 
older adults exhibit age-related declines (Hasher & Zacks, 1988; Wingfield et al., 1988). Older 
adults have also been described as having reduced attentional capacity (Craik & Byrd, 1982) 
and Theory of Mind (Moran, 2013), which could reduce the use of perspective information.  

The present study used a referential communication task to examine if and to what extent 
older adults differ from younger adults in terms of the ability to use a speaker's perspective to 
guide referential interpretation. A group of 21 younger (Mage = 20.04) and 17 older adults (Mage = 
71.88) followed instructions from a Director (lab member) to point to objects on a 40" display 
monitor. Each display depicted a 3-D shelving unit with objects in selected compartments. Some 
objects were hidden behind an occluded panel and thus were visible only to the participant. The 
Director viewed another display screen placed back-to-back with the participant's display 
screen, and the Director's screen showed the shelving panel from the opposite side. Before the 
main experiment began, participants were shown three example displays from their point of 
view as well as the Director's point of view. On critical trials, displays contained four objects (a 
target-competitor pair and two unrelated objects). We varied whether the target object (e.g., hat 
with blue feathers) was accompanied by a genuine competitor (e.g., hat with pink feathers) or a 
control object (e.g., stapler, see Figure 1). We also varied whether the competitor/control object 
was mutually visible (in common ground) or had a panel on the back side of its compartment, 
making it visible only to the listener (in privileged ground). Eye movements were recorded as 
participants followed spoken instructions from the Director (e.g., point to the hat with the blue 
feathers). Fixations to the target were explored using growth curve analysis in the ambiguous 
speech interval spanning from noun onset (e.g., hat) to the average onset of the disambiguator 
(e.g., blue). The results (see Figure 2) revealed greater increases in target fixation in the 
privileged ground condition than the common ground condition, reflecting listeners' use of the 
Director’s perspective to differentiate the intended target from the competitor. However, this 
pattern was strongest in younger adults, as reflected in a reliable Age x Ground x Competitor 
Type interaction on the quadratic time term in the GCA analysis (p = .003). In fact, inspection of 
the fixation patterns shows little evidence that older adults used perspective information on-line. 

What explains older listeners' difficulty in using common ground information? We believe 
the patterns are unlikely to arise from slower real-time information processing in older adults 
(e.g., as proposed by the cognitive slowing hypothesis, e.g., Salthouse, 2000). This is supported 
in part by the similar fixation profiles of older and younger in the control conditions, which 
indicate older adults had no difficulty "keeping up" with younger adults in terms of processing 
the speech signal. Instead, given the symmetry with the results of production studies, we 
suggest the results are better explained in terms of age-related declines in the mentalizing and 
cognitive control systems that support perspective-taking at a more general level. 
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Figure 1. Sample display for a critical trial, showing the four experimental conditions.   
(Instruction: Point to the hat with the blue feathers.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Target fixations relative to the noun onset. The window of analysis is from 200 to 1000 
ms. 



When is declarative memory necessary for audience design? Evidence from amnesia. 
Si On Yoon1*, Melissa Duff2 and Sarah Brown-Schmidt3 

1. University of Illinois, 2. Vanderbilt University Medical Center, 3.Vanderbilt University. 
syoon10@illinois.edu* 

In conversation, speakers tailor language based on the knowledge that is and is not shared with 
their partner, a process termed audience design1. While one view suggests that access to 
episodic memory of shared experience is critical to audience design2, individuals with amnesia, 
who have profound declarative (episodic) memory impairment, design referential expressions 
based on the current partner’s knowledge3,4. In a study of 3-party conversation5, amnesic 
patients played a game with one partner, establishing labels for abstract “tangram” images 
(Fig1). Then a new partner joined them, and the patient described the images, one-at-a-time, 
alternating between addressing the old partner and the new partner. The amnesic patients 
designed significantly longer, more descriptive expressions when addressing the new vs. old 
partner, similar to healthy comparison participants. These findings suggest that audience design 
does not require to access to the episodic record. Why were patients successful, despite being 
unable to explicitly recall the past shared experience? One explanation is that the partner with 
whom they played the game seemed more familiar. If so, it suggests only the most rudimentary 
of audience design processes can unfold in the presence of severe episodic memory 
impairment. Here, we control for familiarity – the patient shares some knowledge with one 
partner, and different knowledge with the other partner – and ask if audience design emerges in 
amnesia nonetheless. If episodic memory is necessary to keep track of who knows what, 
patients should fail to design utterances in a partner-specific manner. However, if the non-
declarative memory systems are capable of representing multiple partners’ knowledge, patients 
should produce longer expressions when the addressee is unfamiliar with the current images.  

Method: 3 Amnesic and 4 Healthy comparison participants (Ps) completed a referential 
communication task with two partners (E1 and E2). First, P described a series of animal 
tangrams (Fig1) for E1 who arranged them into the described order while E2 waited in another 
room. P and E1 repeated the sorting task 5x. Next, E1 left and E2 took her place. Then, P and 
E2 performed another sorting task with people tangrams 5x. Thus, E1 knew the image labels for 
animal tangrams and E2 knew the labels for people tangrams. Next, E1 and E2 both entered 
the room for test trials. On each test trial, P, E1, and E2 saw 4 tangrams on separate booklets. 
On P’s booklet, the target image and intended addressee (E1 or E2) were indicated. P 
described the target to one of the partners, randomly alternating between E1 and E2. Targets 
were animal and people tangrams. At the end, we tested Ps’ memory; they were shown one 
tangram at a time and asked which partner (E1 vs. E2) they had seen the tangram with. 
Analysis focused on the number of words Ps used to describe each image during the test. If 
partner-specific audience design is spared, Ps should produce longer expressions when the 
image is partner-novel (animal–E2; people–E1) vs. familiar image (animal–E1, people–E2).  

Results: At test, Ps in both groups (Amnesia & Comparison) produced longer expressions for 
partner-novel vs. partner-familiar images (z=2.72, p<.05; Fig2). Neither the effect of group 
(z=1.30, p>.05) nor the group*partner knowledge interaction (z=-0.42, p>.05) was significant. 
Accuracy on the memory test was 91.7% for healthy comparisons (above chance of 50%, t=5.0, 
p<.05), but only 54.2% for individuals with amnesia (not above chance, t=0.5, p>.05). 

Conclusion: These results show that individuals with severe declarative memory impairment 
flexibly adjust expressions depending on the current addressee’s knowledge state, like healthy 
adults. This sparing of audience design was juxtaposed against an inability to explicitly recall 
who they had shared the past experience with. The fact that individuals with amnesia flexibly 
alternate between the two potential addressees at test suggests that not only were these labels 
partner-specific but in addition, they were flexibly used in conversation. These findings are 
consistent with the multiple-memory systems view of the role of common ground in 
conversation6.  
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Figure 1. Example stimuli: Animal tangram (left) and People tangram (right). For the top-left 
image, a typical description for a knowledgeable partner would be “the turtle that’s crawling”. For 
a naïve partner a typical description would be “a turtle with a long neck walking right”. 
 
 

 
Figure 2. Average number of words used by participants to describe each image on test trials. 
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Atypical Grammatical Profiles in Children Can Arise  

from an Interaction between Weak Language Aptitude and Typical Language Input  

 

Laurence B Leonard 

Purdue University 

 

Children with developmental language disorder (DLD) often show an extraordinary weakness in 

their use of grammar. In English, this is seen especially in these children’s prolonged struggles 

in using tense/agreement morphology. At age five years, for example, they use these 

tense/agreement forms less consistently than three-year-old typically developing children 

matched for mean length of utterance or verb vocabulary size. Unlike their younger peers, these 

children are more likely to produce utterances such as Every day mom drive to work, Ben do the 
dishes, Yesterday we play in the snow, and The dog running. This atypical discrepancy between 

these children’s use of tense/agreement morphology and their use of other aspects of language 

is thought to be one of the clinical markers of DLD, at least in English.  

 

In this presentation, it is argued that this atypical profile so often associated with language 

impairment could be a natural outcome when children with weak language aptitude are faced 

with some of the more challenging grammatical details that occur in typical child-directed input. 

To make the case, a series of studies will be reviewed – studies that were inspired by earlier 

(“non-clinical”) work in the syntactic priming, computational modeling, and usage-based 

literature. Specifically, studies of English-speaking children with DLD and typically developing 

peers will be reviewed using evidence based on: (1) novel verb learning; (2) traditional forced-

choice sentence comprehension tasks; (3) looking-while-listening; (4) grammatical intervention; 

and (3) electrophysiological evidence. Predictions will be offered for studies of English-speaking 

children representing a continuum of language aptitude, and expected outcomes for similar 

methods applied to other languages will be discussed.    
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Certain ungrammaticality or uncertain grammaticality: Deciding between frequent errors 
and infrequent grammatical structures 
Maayan Keshev & Aya Meltzer-Asscher, Tel-Aviv University 

In noisy-channel models of sentence processing, parsing decisions rely not only on the input itself, 
but also on similar utterances that could have surfaced in the form of the input due to production 
or perception error. Such a near-neighbor analysis can eventually be adopted if the analysis 
faithful to the input is considerably less probable [1-2]. We examine the parser's choices when it 
is confronted by a locally ungrammatical string. We ask whether the parser is willing to ignore an 
agreement error and construct an ungrammatical representation, or whether it attempts to remain 
faithful to the input, in anticipation of forthcoming material that will allow an alternative, 
grammatical analysis. We further investigate whether the parser's choice depends on the prior 
probability of such alternative analyses. To answer these questions, we examine the processing 
of Hebrew relative clauses in which the subject position is vacant, and the verb mismatches the 
filler in number (1). Would the parser construct a subject relative (SR), ignoring the agreement 
mismatch? Or would it act on the prediction that further input will allow for a grammatical analysis? 
Word order properties of Hebrew [3] enable us to consider two cases in which further input allows 
a grammatical object relative (OR) analysis. One such possibility is the occurrence of a post-
verbal subject, a grammatical, but rare, structure in Hebrew (1b). Another possibility is interpreting 
the vacant subject position as a plural impersonal null subject (1c). This structure is relatively 
common in Hebrew (and considerably more frequent than post-verbal subjects).  

(1) a.   We met the studenti who __i know the answer.  Agreement error  
b. We met the studenti who know __i the teachers well.    Post-verbal subject 

'we met the student who the teachers know well' 
c. We met that studenti who proarb know hisi work.              Impersonal null subject 

'we met the student who people know his work.' 
In four SPR experiments and one acceptability judgment test, we show that the effect of 

agreement mismatch is modulated by the prior probability of the alternative analysis. In all SPR 
experiments, the experimental (24-30 sets) as well as the filler items (45-51 items) were globally 
grammatical. Experiment 1 included sentences with plural fillers and a singular verb in the 
relative clause, thus ruling out an impersonal reading (as in 1c), which is restricted to plural verbs 
in Hebrew. Participants (N=36) tended to ignore agreement and construct an ungrammatical SR, 
rather than wait for post-verbal subject rendering the structure grammatical. This tendency was 
evidenced by increased RTs at the post-verbal subject (p=.03), relative to an unambiguous 
baseline condition without a filler-gap dependency. In fact, the mismatch condition aligned with a 
condition with matching filler-verb dependencies. Experiment 2 (N=48) replicated the results and 
extended them to the case of a two-feature (number and gender) mismatch (p=.037) (Figure 1A).  

Turning to cases in which impersonal null subjects are licensed, Experiment 3 (N=48) 
revealed a filled-gap effect at the object position (p = .009), suggesting an object relative analysis 
(with an object gap) was adopted, rather than an SR. A similar increase in RTs was observed 
(p=.01) relative to a matching filler-verb condition, suggesting that an SR is in fact preferred when 
agreement allows it. In Experiment 4 (N=36), the filled-gap effect for the mismatching condition 
replicated in longer filler-verb dependencies (Figure 1B).  

These findings provide extension of the noisy channel model to Hebrew, and to number 
agreement in OR/SR ambiguities. Specifically, the results suggest that during incremental 
parsing, comprehenders apply elaborate knowledge of the distribution of structures in the 
language and are willing to construct ungrammatical subject-verb dependencies to avoid 
improbable grammatical structures. In contrast, the results are not fully compatible with the self-
organizing sentence processing approach [4]. This approach suggests that bottom-up activation 
of competing constructions pulls the interpretation towards a locally coherent (globally 
ungrammatical) parse. However, in our case, the ungrammatical structure is not locally coherent. 
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Figure 1. Results of Experiments 1-4. Bracketed abbreviations denote the gender/number 
marking: pl – plural; sg – singular; f – feminine; m – masculine. Error bars mark +/-1 SE. 
Analysis was conducted with a linear mixed-model regression; * p < .05; ** p < .01; *** p < .001  

 
References: [1] Levy, et al. (2009). Eye movement evidence that readers maintain and act on 
uncertainty about past linguistic input. PNAS, 106. [2] Gibson, et al. (2013). Rational integration 
of noisy evidence and prior semantic expectations in sentence interpretation. PNAS, 110. [3] 
Shlonky, (1997). Clause structure and word order in Hebrew and Arabic. OUP. [4]  
Tabor, et al., (2004). Effects of merely local syntactic coherence on sentence 
processing. JML, 50. 
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Online parsing strategies are influenced by verb-specific and language-general biases  
Zoe Ovans, Kathleen Oppenheimer, & Yi Ting Huang (University of Maryland) 

Contact: zovans@umd.edu 
Background: During comprehension, listeners recruit disparate sources of information 

to build structures on the fly. For example, they parse ambiguous sentences like (1) based on 
knowledge of the distributions of verbs in syntactic contexts. While with-PP could either adopt 
VP-attachment (i.e., the carrot is an instrument) or NP-attachment (i.e., the carrot modifies an 
elephant), “cover” is biased toward the instrument interpretation, “choose” toward the modifier 
interpretation, and “point at” is relatively equi-biased. Importantly, as the contrast with (2) shows, 
verbs also vary in frequency. Frequency tracks adults’ past experience with abstracting the bias 
of a specific verb, and indeed recent work suggests that verb biases continue to be malleable 
over one’s lifetime [1]. Importantly, variation in lexical frequency raises questions of how 
listeners parse sentences when verb-specific knowledge is limited. One possibility is that 
listeners avoid making parsing commitments when lexical biases are uncertain. For with-PP 
sentences, this predicts that attachment decisions should be random for infrequent verbs (mix of 
VP- and NP-attachment). Another possibility is that listeners rely on verb-general tendencies 
when estimates of verb-specific biases are noisy. This frequency x bias-regularity interaction 
would mirror patterns found in children’s overgeneralizations [2] and adult production of 
binominal expressions [3]. Since most verbs favor VP-attachment in with-PP sentences [4,5], 
we hypothesized that adults would predict instruments for infrequent verbs, irrespective of their 
lexical biases. This would suggest that experience quantity and syntactic distributions have 
distinct effects on shaping verb-specific biases. While instrument-biased verbs can inherit lexical 
biases with minimal input, substantial input may be needed to overcome verb-general 
preferences for modifier and equi-biased verbs.  

Method: To examine how experience quantity affects parsing through verb-specific 
biases and verb-general regularities, we presented participants with ambiguous with-PP 
sentences, see (1) and (2). Verb biases and frequency were manipulated in a 3 x 2 design. 
Norming of cloze probability confirmed that there were more modifier responses for modifier-
biased verbs than instrument-biased verbs (p<.001), modifier-biased verbs had at least 55% 
modifier-continuations (mean=81%), and instrument biased verbs fewer than 20% (mean=11%). 
Based on Google n-gram data, frequent verbs were at least 16x more frequent than low-
frequency verbs, and across frequency groups, verbs were grouped into pairs with similar 
meanings. Syntactic parsing was assessed through an eye-tracking task. During sentences, 
eye-movements were measured to displays like Fig.1. Looks to the target animal were taken to 
index a modifier interpretation (elephant holding a carrot), and looks to the target instrument 
were taken to index instrument interpretations (large carrot).  

Results + Conclusions: We calculated preference for a modifier interpretation as the 
proportion of fixations to the modifier object/the instrument object. First, we collapsed across 
frequency to examine verb-bias effects. Subjects looked more to the instrument object when 
words were instrument biased, and looked more to the modifier object when verbs were 
modifier-biased (p<.05) (Fig. 2a). This replicates [4] and supports the notion that adults 
generate syntactic predictions on the basis of verb-specific biases. To examine frequency 
effects, we compared modifier preferences for high and low frequency verbs during a 1000ms 
time window after sentence offset. While high frequency increased modifier preferences overall 
(Fig. 2b) and in modifier- and equi-biased verbs, it did not alter parsing preferences for 
instrument-biased verbs (p<.05) (Fig. 3). This suggests that adults track both lexical-specific 
biases and consistencies across syntactic categories during parsing. Listeners make predictions 
based on the general pattern of verbs in their language for low-frequency verbs. This enables 
sensible interpretations of sentences with limited experience. Overriding verb-general 
tendencies requires experience with the idiosyncratic bias of a particular verb. We will discuss 
implications of these findings for the development of parsing biases. 
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(1) [a. Cover    / b. Point at  / c. Choose ] the elephant with the carrot  
(2) [a. Conceal / b. Swat at  / c. Select   ] the elephant with the carrot  
 

Figure 1: Participants saw this image while hearing 
“[Choose(high freq) / Select(low freq)] the elephant with the 
carrot.” Looks to the top (elephant) image were analyzed as 
indexing NP-attachment, while looks to the left (carrot) image 
were analyzed as indexing VP-attachment. Participants then 
acted out the action on the touch screen (either poking the 
elephant with their finger or dragging the carrot to the elephant 
in a sharp manner). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 (above): Main effects of verb bias (modifier>equi>instrument, 2a) and verb frequency 
(high > low, 2b) were found (all p<.05). 

 
 
 
 
 
Figure 3: Proportion of modifier looks during the action 
period by verb bias (modifier, instrument, or equi-biased) 
and verb frequency (high or low). The effect of frequency 
was found to be greater for modifier-biased verbs than 
instrument-biased verbs (bias x frequency, p<.05). 
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The lifeguards received a report of sharks right near the beach. 
Their immediate concern was to prevent any incidents in the sea. 
Hence they cautioned the trainees/drawer�to be wary. 
 
Edgar spent all day ignoring the problem with the door. 
It squeaked whenever he opened it. 
Finally, he greased the tracks/community with the oil.�
�
Amanda had just prepared a pasta dish. 
She was ready to eat, but she wanted to give it more flavor. 
Before she continued, she ground some seasoning/artists over the food. 
�



The dynamics of recognizing words in people with language and hearing impairments:  
Revealing mechanisms of disordered language; pushing the boundaries of basic theory. 
 

Bob McMurray 
Dept. of Psychological and Brain Sciences, Dept. of Communication Sciences and Disorders 

Dept. of Linguistics and Dept. of Otolaryngology 
University of Iowa 

 
Many (if not most) papers on language acquisition and processing start by stating the 
complexity of the problem faced by the learner or language users. Such problems include 
classic problems like the problem of recognizing speech despite acoustic variability (Perkell & 
Klatt, 1986), the problem of constructing a syntactic parse despite attachment ambiguities 
(Frazier & Rayner, 1982), or the problem of learning a word in the face of massive referential 
ambiguity (Quine, 1960).  Our papers then go on to argue that despite this challenge most 
people seem to solve this problem nearly effortlessly.  However, there is increasing appreciation 
for the fact that this framing is wrong.  Roughly 12% of children can be diagnosed with 
Developmental Language Disorders or DLD (what used to be known as specific language 
impairment) (Tomblin et al., 1997); 12% may have dyslexia (about half of which will also have 
DLD) (Pennington & Bishop, 2009).  Moreover, 60% of children are below proficient in reading 
(NCES, 2013).  And over 60% of people will struggle with hearing loss at some point in their life 
(Lin, Niparko, & Ferrucci, 2011).  The normative case of language processing and development 
is hard to find.  This prompts a rethinking of the basic framing of psycholinguistics and its 
relationship to individual variation, development and disorders. 
 
In this talk I present a series of studies using spoken word recognition as a lens in which to 
understand these issues. In typical adults, spoken word recognition is extremely well 
characterized psycholinguistically and there is a consensus over the underlying computational 
processes (Marslen-Wilson, 1987; McClelland & Elman, 1986). From the earliest moments of a 
word (e.g., wi…), people partially activate a range of potential matches (wizard, whistle, window) 
which compete dynamically until a word is recognized (the winner).  This process can be 
characterized with great precision by techniques like the visual world paradigm (Allopenna, 
Magnuson, & Tanenhaus, 1998) and we have strong computational models which can explain 
the fundamental mechanisms (Hannagan, Magnuson, & Grainger, 2013; Norris & McQueen, 
2008).   
 
Building on this basis, I present a series of case studies that suggest ways in which the basic 
and applied language sciences can fruitfully inform each other.  First, I present work on real-
time word recognition in children with DLD.  This has allowed us to characterize their disorders 
in terms of fundamental differences computational mechanisms of processing: lateral inhibition 
among words.  This mechanistic framing may offer better avenues for diagnosis and treatment 
of DLD than more descriptive deficit models.  Second, I present results from a series of control 
studies on typical adolescents.  They show developmental differences in real-time processing 
that are distinct from what is observed in DLD.  However, crucially, they also show surprisingly 
late development of basic speech perception and word recognition skills (all the way through 
adolescence).  This age range would not have been studied without the motivation of 
understanding impairment and highlights a whole new set of basic science questions.  It 
suggests the value of examining variation more fully for raising new questions for basic science. 
Finally, I present work on prelingually deaf cochlear implant users.  In contrast to all models of 
spoken word recognition, they do not appear to process words immediately; this prompts us to 
think in new ways about the underlying dimensionality of theories of basic processing.   
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That was a question?: Accommodating variability in intonation interpretations 
Andrés Buxó-Lugo & Chigusa Kurumada (University of Rochester) 

abuxolug@ur.rochester.edu 

To be able to comprehend spoken language, listeners must deal with the fact that no two words 

or utterances are ever spoken in the same way, especially when produced by different speakers 

[1]. A long-standing problem in communicatively enriched sentence comprehension is that there 

is substantial variability in how speakers use speech sounds such as intonational contours to 

encode pragmatic intentions [2]–[4]. While a recent proposal suggests that listeners adapt 

mappings between intonational cues (e.g., F0) and inferred pragmatic intentions in a speaker- 

and/or context-specific manner [5], underlying mechanisms for such adaptation remain unclear. 

The current study demonstrates that 1) listeners’ intonation interpretation of questions vs. 

statements can adapt to the distributional input more rapidly than has been shown before; and 

2) this adaptation process makes use of syntactic information to infer category membership. 

     [Materials] 6 tokens of the English construction “It’s X-ing” was recorded either with a rising 

or a falling utterance final boundary tone, corresponding to Question (e.g., It’s cooking?) and 

Statement (e.g., It’s cooking) interpretations (12 tokens each). We resynthesized 11-step 

continua of “it’s X-ing” sentences, gradually shifting F0 and constituent duration from the typical 

rising to the falling tone values (Fig. 1). Continua were then normed by 120 native speakers of 

American English to determine the maximally ambiguous stimulus (i.e., for which hearers were 

least certain about the intended interpretation). 

     Experiment 1: S(ubject)s (N=180) were randomly assigned to a Control condition or one of 

two treatment conditions: Statement-biasing and Question-biasing (Fig. 2). In a Pre-Exposure 

test phase all Ss heard 22 instances of one item type (e.g., it’s cooking), sampled uniformly from 

the Statement-Question continuum (twice per step), and completed a 2AFC task. During an 

Exposure phase, Ss continued to provide 2AFC judgments in the same format and received 

feedback. Ss in the Control condition only heard the most prototypical Statement and Question 

intonation contours (Steps 1 & 11, 15 sentences each). Ss in the Question-biasing condition 

heard prototypical Statements (i.e., Step 1) and the acoustically ambiguous item (Step 6), 

disambiguated as Questions. Ss in the Statement-biasing condition heard the prototypical 

Questions (Step 11) and the acoustically ambiguous items (Step 6), identified as Statements 

(Fig. 2). Finally in a Post-Exposure test, Ss completed another 22 trials that were identical to the 

Pre-Exposure test, to assess the possible adaptation resulting from the Exposure input. There 

was no lexical overlap between the Pre-/Post-Exposure and the Exposure phases. 

    Results show that Ss in the two treatment conditions provided opposing interpretations for the 

previously ambiguous items (p<.001, Fig. 2). No such shift was observed in the Control 

condition. The data suggest that listeners readily accommodated their overall categorization 

function based on the very restricted input given in the Exposure phase. 

    Experiment 2: Ss (N=120) repeated the Control and the Statement-biasing conditions in 

Exp.1 except that the Exposure items disambiguated as Question (Step 11 in both conditions) 

were syntactic interrogatives (e.g. “Is it X-ing?”). The same resynthesis method was used to 

ensure that intonational features remained identical for all the items across Exp.1 and Exp.2. If 

adaptation concerns intonational features alone, the results should replicate those in Exp.1 

because all the relevant phonological information was unchanged. If adaptation interfaces with 

form-based inference, there should be enhanced adaptation in the Statement-biasing condition: 

The Exposure input supports the inference that the speaker would use the interrogative syntax 

to convey the question meaning, and hence declarative utterances (It’s an X) would be overall 

more likely to be Statements. The results supported the latter prediction (Fig. 3; p<.001).  

     Overall, the current results provide novel insights into the mechanism allowing for robust, 

pragmatically-rich, sentence comprehension despite the substantial variability in the input. 

Listeners do not only adapt their intonational interpretations, they also tune into how a given 

speaker combines multiple linguistic devices – intonation and syntax – to encode their intention. 
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Figure 1. [left] Example contour of “It’s X-ing?”; [right] resynthesized contour continuum, ranging from a prototypical 

Statement (the bottom) contour to a prototypical Question (the top) contour. 

        
Figure 2. Top: Number of items per continuum step for each condition in Experiment 1. Five lexical items repeated 

thrice per sentence type. Bottom: Pre- and Post-Exposure responses for each condition. 
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Verbatim memory for surface features: Evidence from stress shift 
Jennifer Bellik & Tom Roberts (University of California, Santa Cruz) 

 
Introduction. Recall of “surface” features of linguistic expressions is significantly worse than 
recall of “gist” (i.e., broad semantic content) [1,2,3]. The Regeneration Hypothesis [3] offers an 
explanation for this discrepancy: surface features are not encoded verbatim in memory at all, 
and apparent memory for surface features reflects reconstruction based on gist memory. Other 
theories of memory (Fuzzy-Trace Theory [10], Exemplar Theory [4,5,6]), however, maintain that 
verbatim memory traces are stored, even if gist is more durable. In particular, phonetic work on 
episodic memory suggests that superficial acoustic detail is stored in memory [4] and even 
affects later processing [5,6]. However, this debate is confounded by methodology: the 
Regeneration Hypothesis is typically supported by evidence from recognition of written, 
declarative sentences which are manipulated in ways that subtly affect meaning, e.g., active vs. 
passive voice [7] or lexical choice (“castle” vs. “palace”) [3]. Work on Exemplar Theory focuses 
on auditorily presented, isolated lexical or sublexical units. We bridge this methodological gap 
with an auditory recognition study that manipulated application of the Rhythm Rule (RR) [8]. 
Results suggest that participants can access verbatim memory for phonological material. 
Design. RR is an optional process that shifts underlying (pen)ultimate primary stress in a word 
leftward if it is followed by another word with initial primary stress, as in  MISsissippi SENate 
(+RR) vs. MissisSIPpi SENate  (-RR). Because stress shift is not associated with a known 
interpretational impact, changes in RR application should only be remembered if surface 
features of language are encoded in memory independently of gist.  
Method. Materials consisted of 24 dialogues between speakers A & B, in a 2x2 design [±RR in 
the stimulus x Old/New Probe] (1), along with 48 filler dialogues. Participants (n = 33) listened to 
the dialogue and solved a simple math problem as a distractor task. They then heard a probe 
corresponding to a line from the dialogue, responded whether they had heard the probe before, 
and rated their confidence from 1-4. Experimental items probed the dialogue’s final line, which 
was always spoken by A and ended with a spliced-in adjective-noun pair eligible for RR; New 
probes differed only whether RR was applied there. Fillers counterbalanced which line was 
probed and which speaker produced it, and manipulated sentence-level prosody in New probes.  
Results. Using unequal variance signal detection theory [9], we constructed a receiver 
operating characteristic (ROC) curve, using New as the lure and Old as target (z-transformed 
ROC in Figure 1). The d’ score, a robust measure of sensitivity, was greater than 0 (d’=0.66), 
indicating participants were sensitive to the difference between trials in which the probe 
changed (New) and those in which it did not (Old). Participants also had a very strong bias to 
respond “Yes” (c = -1.05),reflected in the fact 76.4% of new probes received an incorrect “Yes” 
response, whereas 73.5% of “No” responses were correct. Whether the original target sentence 
was [+RR] or [-RR] had no significant effect on participant accuracy (p > 0.5). Full results are 
presented in Table 1. 
Discussion. Listeners’ sensitivity to changes in primary stress placement (Old/New) was 
significant, even though our manipulation of RR resulted in only subtle, localized differences 
between the stimulus and New probes; participants actually had heard the initial portion of the 
auditory input before. The results here indicate that listeners do encode stress in memory, even 
when it does not have a discernible impact on meaning. That is, surface-level acoustic detail is 
remembered even in the context of a sentence embedded in a larger discourse. Whether stress 
placement is encoded in memory as an abstract phonological form, or as an acoustic signal 
more directly, awaits further investigation. 
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Example Dialogue 

(1) A: Good morning! Aren't you thrilled it's Monday? 
B: Why so chipper? 
A: Our nonprofit held a fundraising auction. 
B: Oh, was that very successful? 
A: We surpassed our funding goal, actually! 
B: Wow, how did you end up raising so much money? 

   

 
A: Among other things, we auctioned off a date with a { DEbonair ATHlete [+RR] }  deboNAIR ATHlete [-RR] 

Table 1 . Number of responses by condition with confidence ratings (1 = not at all confident, 4 = very                   
confident). 

Stress shift in 
dialogue Target? 

Probe New/Old “Yes” responses:  
count, mean conf. (SE) 

“No” responses: 
Count, mean conf. (SE) 

Stress Shift [+RR] 
“DEbonair ATHlete” 

New 
“deboNAIR ATHlete” 

157, 3.64 (0.049) 55, 2.96 (0.103) 

Old 
“DEbonair ATHlete” 

197, 3.75 (0.034) 17, 3.00 (0.192) 

No Stress Shift [-RR] 
“deboNAIR ATHlete” 

New 
“DEbonair ATHlete” 

167, 3.68 (0.047) 45, 3.18 (0.116) 

Old 
“deboNAIR ATHlete” 
 

195, 3.70 (0.038) 19, 2.79 (0.181) 

 
Figure 1. zROC for detection of Old (Target) /         
New (Lure) probes (d’ = 0.66, c = -1.05) 
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Lexical access in comprehension vs. production: Spatiotemporal localization of semantic  
facilitation and interference 
Julien Dirani (New York University Abu Dhabi) & Liina Pylkkänen (New York University and New 
York University Abu Dhabi) 
julien.dirani@nyu.edu 
 

Humans understand words faster when they are preceded by semantically related 
primes. This facilitation is usually thought to result from the automatic activation of the prime 
that spreads to the representation of the target word. Interestingly, in language production, 
semantic relatedness often has the opposite effect: in object naming for example, a semantically 
related prime delays the naming time of the current object. While the semantic facilitation effect 
is most commonly thought to originate at the lexical level, the locus of semantic interference in 
production is highly debated, with some hypotheses placing it at the lexical level and others at 
later, post-lexical stages. On the lexical account, the effect is caused by competition for 
selection between the activated representations of the prime and target, and consequently, 
lexical selection is achieved via competition (Bloem & La Heij, 2003; Levelt, Roelofs, & Meyer, 
1999). However, more recent studies have proposed that the interference effect is post-lexical, 
at the level of articulatory programs. For instance, the Response Exclusion Hypothesis 
(Janssen, Schirm, Mahon, & Caramazza, 2008; Mahon, Costa, Peterson, Vargas, & 
Caramazza, 2007) assumes that language production involves a single-channel output buffer to 
which visually presented words have privileged access over names of images. Before the name 
of the image can be produced, this buffer would have to be cleared of the representation of the 
prime; a process regulated by semantic information, giving rise to the interference effect.  
 The present work took advantage of the high temporal resolution of 
magnetoencephalography (MEG) to address the spatio-temporal localization of the semantic 
interference effect in production and the facilitation effect in comprehension. The challenge was 
designing maximally parallel comprehension and production tasks to allow adequate 
comparison across them. Specifically, production includes a motor component which is absent 
in comprehension. We resolved this by using overt Word Reading for the comprehension task 
and Object Naming for production. We also manipulated prime type at three levels: identical 
primes, that were the repetition of the target for Overt Reading, and the name of the objects for 
Object Naming. We also used semantically related primes, which were words that belonged to 
the same semantic category of the targets. Finally, unrelated primes were words that differed 
from the target in their visual, phonological, and semantic aspects. Further, since previous 
studies have shown that stimulus onset asynchrony (SOA) can modulate the direction and 
strength of priming effects (Bloem & La Heij, 2003), we also manipulated SOA at 4 levels. 
 The behavioral results replicated the interference effect in object naming and the 
facilitation effect in word reading. Further, within each task, reaction times decreased with 
longer SOAs. The MEG data showed an early facilitatory priming pattern in the Superior 
Temporal Gyrus (STG) at 180-335ms, in line with spatial (Hillis, Rorden, & Fridriksson, 2017) 
and temporal (Pylkkänen & Marantz, 2003; Hauk & Pulvermüller, 2004) localizations of lexical 
selection. In contrast, we found a much later interference effect at 395-485ms, centered in and 
around the left insular cortex, which has been linked to motor planning of articulation 
(Ackermann & Riecker, 2004). Crucially, in classic models of object naming, the timing of this 
effect coincides with estimated timings of phonetic encoding and articulatory planning, and 
occur much later than lexical selection (Indefrey, 2011).  

We thus confirmed that semantic facilitation in comprehension localizes at the early 
lexical level and presented neuroimaging evidence in support of the Response Exclusion 
Hypothesis, pointing to a late, post-lexical locus of semantic interference.  
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Figure 1: Stimulus presentation and design  
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Lexical Selection by Competition in Word Production: Evidence from New Paradigms 
Mark Koranda and Maryellen C. MacDonald (University of Wisconsin-Madison) 

mjkoranda@wisc.edu 
There is significant debate in language production concerning whether or not lexical 

selection relies on competition among candidate words. Increases in picture naming latency in 
the face of manipulations of alternative lexical (picture-word interference) [8] or conceptual 
activation (semantic blocking) [3] have been taken to reflect time needed to resolve competition 
for lexical selection. However, the same effects are also explained by non-competitive post-
lexical monitoring accounts [4]; the controversy may reflect the difficulty of interpreting latency 
as a test of competition (A) more generally, or (B) specifically under complex task manipulations 
[cf 4,5]. To address (A), we complement naming latency with an investigation of a more direct 
measure of selection—the likelihood of dominant name production (name agreement--NA). To 
address (B) we depart from prior research by studying picture naming without semantic 
manipulation. Instead, we expand our focus beyond the dominant name for a picture. If word 
candidates compete during lexical selection, properties of the next strongest (secondary) 
picture name should influence competition and thus naming behavior. By contrast, previous 
research has investigated how the dominant name for a picture is influenced by properties of 
that name alone, including NA [10,11], dominant name frequency or Age of Acquisition (AoA) 
[7,9], and the strength of image-name agreement (IA) [10]. If selection is non-competitive, then 
the secondary name properties should be less relevant than dominant name properties, but if 
selection involves competition, then secondary name properties should affect NA and latency.  

We examined predictors of picture naming in a study using pictures with a wide distribution 
of dominant NA (167 Native English participants, naming 20 target images with 120 filler 
pictures and words, yielding 3151 observations). We assembled existing norms and collected 
new data on dominant and secondary picture names: AoA, conceptual familiarity, imageability 
[9]; NA; and new IA ratings. IA Norms: Target pictures [11] appeared on screen with two 
previously identified dominant and secondary names, along with sliders for rating them, Figure 
1). Ten catch trials with one implausible name were included to verify task compliance. 
Participants (Amazon mTurk, n = 67, native English speakers) provided IA ratings by moving 
the onscreen sliders for both picture names. Ratings for the dominant name were a significantly 
better predictor of dominant naming rates compared to pre-existing IA norms [10], χ² = 2.79, p < 
.01. The correlation between dominant and secondary ratings was negative (r  = -.44), but not 
overwhelmingly so, because both alternative names were often rated highly.   

Results. Alternative mixed effects models were fit to dominant naming rates (NA: 1 = 
dominant name, 0 = other) and onset latency (ms). Models comprised unique combinations of 
either dominant or secondary name properties [7] (Table 1). NA: Comparing models for overall 
model fit (lowest AIC) revealed secondary IA and AoA as better predictors of dominant naming 
(whereas a model with both dominant predictors ranked 4th; Figure 2). The stronger fit of a 
model with secondary predictors in place of dominant predictors, suggests secondary names 
are central to the likelihood of dominant naming, and supports competition in lexical selection. 
Naming latency: The best fit model comprised only dominant name predictors. We therefore 
see no evidence for secondary name variables affecting latency to produce the dominant name. 
This is more consistent with a non-competitive account of latency data in lexical selection.  

Conclusions. By considering both secondary and dominant name properties, data from a 
single-task picture-naming study new effects emerged, associated with secondary names. 
These results are consistent with theories of selection without claims about latency [1]. With 
respect to accounts that selection is non-competitive [4,5], or circumstantially competitive [6], 
these data suggest that naming latency might not be competitive, but not the conclusion that 
selection is also non-competitive. Best-fit models for latency and name agreement were 
markedly different. Future work should further investigate the relationship between NA and 
latency for informing theory about lexical selection.   
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Table 1 (left). Predictors in best-fit models of naming and latency data. Models of each 
(Secondary vs Dominant) permutation of target predictors (AoA, IA, NA) were compared (4 
models for naming, 8 for latency). Legend: -  = not modeled; D = dominant predictor only; D < S 
(S < D) best fit between dominant and secondary predictor; [#] = source; [*] = collected here. 
 
Figure 1 (right). Norming trial: Participants provided IA ratings for dominant and secondary 
names, where 7 = perfectly accurate, 1 = completely misleading (red added for clarity). Sample 
and order of pictures, order of dominant and secondary names on screen were 
counterbalanced. 
 

  
Figure 2. Likelihood of saying the dominant name, as predicted by dominant (left) vs secondary 
(right) image agreement. Secondary image agreement improves overall model fit. (One item 
removed from graph, only: underwear/diaper.) 
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  best fit model 
Abbr. Description Naming Latency 

AoA Age of Acquisition [9] S > D D > S 

IA Image agreement [*] S > D D > S 

NA Name Agreement [*] - D > S 

Fam Conceptual 
Familiarity [9] 

D D 

Ivar Image Variability [9] D D 



AMBIGUITY AVOIDANCE INDEPENDENT OF NON-LINGUISTIC SIMILARITY 
Kumiko Fukumura (University of Stirling), Sandra Villata (University of Connecticut),             
Francesca Foppolo (University of Milano- Bicocca), Céline Pozniak (University of Stirling),  
Maria Nella Carminati (University of Stirling) and F.-Xavier Alario (Aix-Marseille Université) 
kumiko.fukumura@stir.ac.uk 

A controversial issue concerns whether and how speakers avoid ambiguous utterances for 
their addressee (Ferreira et al., 2005). Here we examined whether and how speakers avoid 
gender ambiguous pronouns. Research has shown that English speakers use fewer pronouns 
when the context contains multiple characters of the same sex (e.g., Arnold & Griffin, 2007; 
Fukumura et al., 2011; 2013). According to the ambiguity avoidance account, this occurs 
because the presence of a same-gender competitor makes pronouns ambiguous. Yet recent 
research suggests that same-gender competitors lead to fewer pronouns even in Finnish, a 
non-gendered language, where pronouns do not encode the referent’s gender so gender cannot 
influence pronoun ambiguity (Fukumura et al., 2013). Hence, the non-linguistic competition 
account claims that it is the similarity between the referents that affects pronoun use: Gender 
congruence increases competition between the referents, reducing the referent’s accessibility 
and the likelihood of pronoun use.  

To tease apart these accounts, two referential communication experiments examined if 
gender congruence affects the choice of pronouns in French and that of null pronouns in Italian 
(relative to nouns). Unlike English and Finnish, both French and Italian have grammatical 
gender; crucially, whereas French pronouns express gender, Italian null pronouns do not 
(gender is carried by an adjective or past participle, only if they are present). In each 
experiment, 32 participants saw a display showing two entities on a computer screen, and read 
aloud a context sentence (1a-d) to their addressee. The target then changed location, whilst the 
competitor remained still. Participants described the change (2a-b), such that the addressee 
could identify the target and its new location. The referential candidates were either human 
(biological gender: 1a & 1b) or inanimate (grammatical gender: 1c & 1d), and in both conditions, 
the referents had either the same (1a & 1c) or different gender (1b & 1d).  

The ambiguity avoidance account predicts that not only biological gender congruence but 
also grammatical gender congruence should lead to fewer pronouns in French, as both make 
pronouns ambiguous. By contrast, under this account, neither biological nor grammatical gender 
congruence should result in fewer null pronouns in the Italian target utterances, where gender is 
not overtly expressed (e.g., è al numero 3). The non-linguistic competition account predicts that 
pronoun use is affected by the referents’ non-linguistic similarity; hence, biological, but not 
grammatical, gender congruence, results in fewer French pronouns and fewer Italian null 
pronouns, because grammatical gender congruence does not affect the referents’ non-linguistic 
similarity (Vigliocco et al., 2005).  

Mixed-effects analyses examined the choice of expressions (Baayen et al., 2008; Barr et al., 
2013). In French, a main effect of gender congruence showed fewer pronouns in the same 
gender than in the different gender condition (p < .05). Crucially, gender congruence did not 
interact with gender type (biological vs. grammatical) (p > .05), and the effect of gender 
congruence was significant in the both biological and grammatical gender conditions. In Italian, 
neither biological nor grammatical gender congruence affected the rates of null pronouns (ps 
> .05). These results support the ambiguity avoidance account: Speakers avoid pronouns when 
biological or grammatical gender congruence renders pronouns referentially ambiguous, and 
this happens regardless of whether gender congruence affects the non-linguistic similarity 
between the referential candidates. 

To conclude, speakers avoid gender ambiguous pronouns independent of non-linguistic 
similarity, and ambiguity avoidance and competition are driven by different constraints that 
affect pronoun use. 
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                          French Experiment                                                       Italian Experiment  

 
Example materials (40 items in each experiment) 
 
(1) Context sentences                     (2) Target descriptions 
 

French 
a. Le marin au dessus du roi est sur le numéro 2.    
b. Le marin au dessus de la reine est sur le numéro 2.           a. Maintenant le marin / il est sur le numéro 3. 
c. Le pain au dessus du tournesol est sur le numéro 2.          b. Maintenant le pain / il est sur le numéro 3. 
d. Le pain au dessus de la rose est sur le numéro 2.   
 
Italian 
a. Il marinaio sopra il re è sul numero 2.     
c. Il marinaio sopra la regina è sul numero 2. a. Adesso il marinaio / è al numero 3. 
b. Il pane sopra il girasole è sul numero 2. b. Adesso il pane / è al numero 3. 
d. Il pane sopra la rosa è sul numero 2. 
 
English translations: 
a. The sailor above the king is on Number 2. 
b. The sailor above the queen is on Number 2.         a. Now the sailor/he is on Number 3. 
c. The bread above the sunflower is on Number 2.        b. Now the bread/it is on Number 3. 
d. The bread above the rose is on Number 2. 

 
Example displays  
 
                        Human (biological gender)        Inanimate (grammatical gender) 
        a. Same gender   b. Different gender       c.  Same gender               d. Different gender 

 
 
 
 
 
 
 

 
 

 

Results 

King & Queen: Costume images used by permission In Character Costumes. Division of Fun World Easter Unlimited Inc. All Rights Reserved.  
Sailor: Image © California Costume Collections, Inc. 

* * 



 
 

 Effects of semantic similarity on referring expression production in Mandarin Chinese 
Yangzi Zhou, Holly Branigan, Martin Pickering (University of Edinburgh) 

yangzi.zhou@ed.ac.uk  
 

Semantic similarity between entities can cause interference in production (similarity-based 
interference effect (SIE)). Some studies show that semantic similarity leads to more explicit 
referring expressions, e.g., repeated full NPs (Fukumura et al., 2011), whereas other studies show 
it leads to less explicit referring expressions, e.g., omission of NPs (Hsiao et al., 2014). Moreover, 
the cause of SIE is controversial. Traditionally, the ambiguity avoidance account argues that when 
there is another semantically similar entity, SIE arises due to speakers’ communicative effort to 
avoid using referentially ambiguous expressions such as pronouns and instead favour explicit 
expressions (Karmiloff-Smith, 1985). However, the semantic competition account argues that SIE 
results from semantic competition between two semantically similar entities, making speakers 
activate more information about the referent and so produce explicit expressions (Arnold & Griffin 
2007). We report three experiments designated to discriminate these accounts of SIE.  

We first conducted Exp1 (N=35) investigating the existence of SIE on referential choices 
in spoken Mandarin, a language of particular interest since it allows for NP omission/null subjects 
as one referential choice. We manipulated semantic similarity between the target and a same-
gender competitor: high-similarity (e.g., killer-murderer) vs low-similarity (e.g., killer-proofreader). 
Participants saw introductory pictures and preambles mentioning both entities, then described 
actions involving only the target. The use of NP omission, pronouns and repeated NPs was 
measured. We found that participants produced fewer omissions (P<.001) and more repeated 
NPs (P<.001) in the high-similarity than in the low-similarity condition. This consequence of SIE 
is compatible with Fukumura et al., (2011), but not with Hsiao et al., (2014).  

Exp2 (N=35) investigated the contentious cause of SIE. In gendered languages such as 
English, speakers tend to avoid using referentially ambiguous pronouns when the discourse 
includes two same-gender entities (Arnold et al., 2000). Such a gender congruency effect can be 
explained by both accounts of SIE mentioned above. Spoken Mandarin is particularly interesting 
because it is non-gendered, thus enabling us to discriminate between the two accounts. In Exp2, 
we varied the gender of one entity in every target-competitor pair used in Exp1 (different-gender 
condition). By performing a combined analysis with Exp1 (same-gender condition), we found a 
main gender congruency effect for pronouns only, as speakers produced more pronouns in the 
different-gender than in the same-gender condition (P=.019). This is inconsistent with both the 
ambiguity avoidance account (which predicts no gender congruency effect here since pronouns 
are referentially ambiguous in both gender conditions) and the semantic competition account 
(which predicts more repeated NPs and/or fewer omissions in the same-gender condition). Two 
post-hoc questionnaires suggested the main effect observed could be attributed to gender-
typicality of the entities and varied levels of semantic similarity resulting from gender congruency.  

Exp3 (N=35) further tested the accounts of SIE by conducting a written production version 
of Exp2, as pronouns are gendered in written Mandarin (referentially-unambiguous condition). By 
performing a combined analysis with Exp2 where pronouns are referentially-ambiguous in spoken 
Mandarin, we found a significant interaction between referential ambiguity and semantic similarity 
for pronouns (P<.001). This indicates that SIE does not result entirely from semantic competition. 
Rather, it can also be modulated by referential ambiguity, supporting the ambiguity avoidance 
account. 

In summary, we found that Mandarin speakers tend to be more explicit (rather than less 
explicit) when the discourse includes another semantically similar entity. More importantly, 
besides semantic competition, SIE is dependent on ambiguity avoidance, suggesting the 
influence of both speaker-internal and addressee-based production constraints on speakers’ 
referential choices. 
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Is language spared in Williams syndrome?  Developmental timing as a lens 
  

Barbara Landau 

Johns Hopkins University 

 
One of the holy grails for cognitive science is understanding the complex causal chain from 

gene to mind over development.  Understanding how language is learned under conditions of 

genetic variation can provide us with key facts about the nature of language as a computational 
system, its interface with other non-linguistic systems, and how the system might be 

compromised under different types of genetic deficit.  At present, however, we are far from 

understanding the complex causal chain between genetic deficits and their effects on brain and 
cognitive structure, including the ultimate achievements of language learners.   In this talk, I will 

argue that to truly understand the effects of genetic deficits on language learning, we must 

broaden the lens, examining language relative to other cognitive domains, and paying close 

attention to the developmental timing profiles that occur across these domains. To illustrate, I 
will use the case of Williams syndrome—a genetic syndrome that gives rise to an unusual 

profile of severely impaired spatial representation together with highly fluent and well-structured 

language.  A first-pass hypothesis about the WS cognitive phenotype emphasized the apparent 
dissociation of language from spatial representation, suggesting that the genetic deficit targets 

one system (space) while leaving the other intact (language), consistent with strong 

modularity.  However, detailed studies of language and spatial representation in people with 
Williams syndrome, along with comparative studies of typically developing children, reveal a 

very different picture-- one which suggests that modularity should be considered along with a 

specific mechanistic explanation for the apparent dissociation. This mechanism focuses on 

developmental timing of different cognitive functions in the typically developing individual, along 
with variation in this timing in the case of WS.  This picture radically changes the conversation 

about how and why genetic deficits result in atypical cognitive profiles, including language, and 

invites us to consider nuanced explanations of whether, and how language is affected in cases 
of genetic deficit or experiential deprivation. 
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Discourse effects on the source-goal asymmetry 
Monica Do (University of Pennsylvania), Anna Papafragou (University of Delaware), & John 

Trueswell (University of Pennsylvania) 
monicado@sas.upenn.edu 

 
Many events of motion involve movement of a Figure from a source (The butterfly flew 

from a lamppost…) to a goal (…to a chair). In language, speakers are much more likely to 
mention goals of motion events than they are to mention sources (Lakusta & Landau, 2012; 
Papafragou, 2010). What underlies this linguistic asymmetry, however, is under debate. Some 
(e.g., Regier & Zheng, 2007) argue that the linguistic goal-bias reflects a more basic cognitive 
bias in event representation. But this proposal is complicated because the goal bias is more robust 
in language than in non-linguistic tasks like memory (Lakusta & Landau, 2012).  

The present work investigates the possibility that the goal-bias in language is at least 
partially driven by discourse/pragmatic factors: Typically, for a person describing a motion event, 
the starting point (source) is information that is given/old, while the endpoint (goal) is new. The 
discourse status of the goal as new information could explain the previously-observed goal bias, 
since speakers prioritize new information over old in their utterances (Arnold et al., 2000). This 
discourse-status asymmetry and resulting prioritization would have been present in past work 
since speakers in those studies described motion events either to (i) no one in particular or (ii) a 
conversationally unengaged experimenter who had full visual access to the initial setting and 
unfolding event. A speaker in such situations might reasonably assume that the initial scene and 
starting point of the figure should be treated as given, and the motion of the figure to the goal is 
new and informative to communicate.  

The current study tests this discourse/pragmatic hypothesis by manipulating whether the 
starting point of the event is within common ground or not. Speakers described 18 motion clips to 
an interactive confederate addressee in one of two conditions. In the Common Ground condition 
(n=27) addressees were shown only the first frame of each to-be-described motion event on the 
speaker’s computer screen (Fig.1). The speaker’s screen was then turned away from the 
addressee so that only the speaker saw the event unfold. Having visual access to the first frame 
of the event means that sources are old information already known to addressees. We thus expect 
speakers to only consider the goal as relevant information to communicate. In the No Common 
Ground condition (n=27), addressees sat opposite the speaker and had no visual access to the 
motion clip. Because addressees did not see any element of the event, both sources and goals 
constituted relevant, discourse-new information. A discourse/pragmatic account predicts that the 
Common Ground condition should replicate the source-goal asymmetry observed in prior work, 
but the asymmetry should decrease in the No Common Ground condition.  
 We analyzed whether speakers’ utterances included mention of source and/or goal across 
the two conditions. As predicted by the discourse/pragmatic account but not the cognitive-bias 
account, the goal-bias (i.e., preference to mention the goal) was greater in Common Ground than 
in No Common Ground (Fig.2), resulting in a reliable interaction between Mention Type (Source, 
Goal) and Common Ground (yes, no) (ß= .76, SE= .11, |z| = 6.92).  

After describing all the events, speakers given a surprise change detection task assessing 
how well they remembered sources vs. goals. Memory for sources was better for speakers who 
had mentioned sources (ß= 1.72, SE= .83, |z| = 2.73). But, in both conditions goals were 
remembered better than sources (Fig.3; ß= .90, SE= .22, |z| = 4.19) – i.e., the goal-bias persisted. 

Thus, the strength of the source-goal asymmetry in both language and memory was 
severely weakened, but not eliminated, when we changed the knowledge state of the addressee. 
This is consistent with prior work showing that the addressee’s visual access – and by extension, 
the extent of the addressee’s knowledge – affects what information speakers choose to include 
in their utterance (e.g. Clark & Wilkes-Gibbs, 1986). We conclude that discourse factors should 
have a central role in theories of how language connects to event cognition.   
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Figure 1: First frame of to-be-described event in the Common Ground condition. In the 
Common Ground condition, both speaker and addressee see this initial frame. After this first 
frame, the addressee turns screen towards the speaker and the motion unfolds (The butterfly 
flies from the lamppost to the chair.). In the No Common Ground condition, the addressee has 
no visual access to the screen at all and is not shown the event. Only the speaker sees the 
initial frame and unfolding event. 

 

 
Figure 2: Proportion of source vs goal 
mentions in each condition. Error bars 

indicate +/- 1 SE. 

 
Figure 3: Proportion of source vs goal 

remembered correctly in each condition. Error 
bars indicate +/- 1 SE. Dashed line represents 

chance performance. 
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Prediction supports infants’ language processing and language development 
Tracy Reuter, Casey Lew-Williams & Lauren Emberson (Princeton University) 

treuter@princeton.edu 
 

Recent theories claim that prediction – the pre-activation of representations during 
processing – supports language development (Elman, 1990; Dell & Chang, 2014). A number of 
empirical findings support this view (Borovsky, Elman & Fernald, 2012; Lukyanenko & Fisher, 
2016; Mani & Huettig, 2012; Reuter et al., 2018). However, prediction’s role in development is 
debatable (Huettig, 2015). For example, while individual differences in prediction correlate 
positively with vocabulary size, the directionality is unclear: Prediction may be a cause or 
consequence of developmental changes (Rabagliati, Gambi & Pickering, 2016). Here, we 
present 2 eye-tracking experiments that contribute to this ongoing debate. Using a combination 
of group-level and individual-difference analyses, these experiments address limitations of prior 
research, evaluate the reproducibility of our findings, and further illuminate prediction’s role in 
the early stages of language development. 

In experiment 1, we evaluated infants’ emerging abilities to predict and comprehend words 
from 12 to 24 months, when infants acquire hundreds of words (Fernald, Perfors & Marchman, 
2006). Infants (N=67; 12-24 months) viewed pairs of images (e.g., a ball and a cup) and heard 
trials with prediction sentences (e.g., Let’s go play! Bring a toy! It’s fun to throw! Where’s the 
ball? Find the ball!) and trials with neutral sentences (e.g., Look at that! There it is! Do you see 
it? Where’s the ball? Find the ball!). We analyzed infants’ looks to the target image (e.g., ball) 
during sentences using cluster-based permutation tests (Maris & Oostenveld, 2007). We found 
that as soon as infants reliably comprehended a word (e.g., ball) at 15 months, they could also 
use related words (e.g., play) to predict it (Fig.1A). Individual-difference analyses revealed 
positive correlations between prediction and comprehension measures (r(63)=0.25, p=0.045) 
and between prediction and MCDI vocabulary percentile (r(59)=0.34, p=0.007). In sum, findings 
from Exp.1 – both at the group level and at the individual level – suggest that prediction 
emerges during early stages of word learning, that the development of prediction and 
comprehension abilities are tightly coupled, and that prediction supports language development. 

In experiment 2, we aimed to replicate and extend our findings from Exp.1. We investigated 
whether infants’ ability to predict a word was distinct from simply hearing the word. Is predicting 
ball from semantically-related words like play distinct from hearing the word ball itself? Infants 
(N=32; 14-19 months) viewed pairs of images (as in Exp.1) and heard trials with prediction 
sentences and trials with neutral sentences (as in Exp.1), plus trials with repetition 
sentences (Look at the ball! There’s the ball! Do you see the ball? Where’s the ball? Find the 
ball!). Comparing prediction sentences and neutral sentences, we replicate our Exp.1 findings 
that infants can predict upcoming words (ps <0.05). Critically, we find that the behavioral 
dynamics of prediction are distinct from those of repetition (Fig.1B). Findings suggest that, 
during language processing, infants do not simply use related words (e.g., play, toy, throw) to 
activate a single, undifferentiated representation (e.g., ~ball). Rather, infants appear to activate 
and pre-activate distinct lexical representations during real-time language processing. 

In sum, we used a combination of group-level and individual-difference analyses to evaluate 
the developmental emergence of infants’ language processing abilities. Findings suggest that 
prediction and comprehension emerge concurrently in infancy (Exp.1), that infants’ prediction 
abilities correlate positively with their vocabulary size (Exp.1), and that prediction and 
comprehension are distinct language processing mechanisms (Exp.2). Furthermore, in an 
ongoing longitudinal study, we are evaluating whether infants’ prediction abilities forecast their 
developmental outcomes 12 months later. Taken as a whole, the novel findings of these 
experiments contribute to an ongoing theoretical debate by suggesting that prediction supports 
both language processing and language development during the early stages of word learning. 
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(A) Experiment 1 infants’ (N=67) looks to target during prediction sentences (e.g., Let’s go play! 
Bring a toy! It’s fun to throw! Where’s the ball? Find the ball!) and neutral sentences (e.g., Look 
at that! There it is! Do you see it? Where’s the ball? Find the ball!). (B) Experiment 2 infants’ 
(N=32) looks to target during prediction sentences (as in Exp.1), neutral sentences (as in Exp.1) 
and repetition sentences (Look at the ball! There’s the ball! Do you see the ball? Where’s the 
ball? Find the ball!). (A and B) Horizontal dashed line indicates chance performance. Vertical 
dashed line indicates the onset of the target noun (e.g., ball). Line shading represents one 
standard error from the mean for each condition, averaged by subjects. Darker line shading 
represents a significant difference among conditions (ps<0.05) and p-values from cluster-based 
permutation tests within 100-ms time-bins (Maris & Oostenveld, 2007). 
 

A 
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A probabilistic account of VPE interpretation in context 
Jeffrey Geiger & Ming Xiang (University of Chicago) 

jgeiger@uchicago.edu 
 

Introduction: Ellipsis presents an ideal testing ground for understanding the intricate relationship 
between form, meaning, and context. Two distinct strategies for the interpretation of verb phrase 
ellipsis (VPE) have previously been proposed: the Identity strategy posits that ellipsis sites are 
interpreted through syntactic or semantic identity with an overt linguistic antecedent [1-4, i.a.], and 
the Discourse strategy argues that the VPE interpretation corresponds to the most salient 
compatible proposition in the broader discourse, linguistic or nonlinguistic [5-7, i.a.]. Using 
behavioral experiments and probabilistic modeling, the current study shows that neither account 
alone is sufficient, and we propose a hybrid probabilistic model for VPE interpretation. 
Experiment 1 featured a 3 (comic strip context) x 3 (linguistic antecedent) design. Subjects 
viewed comic strip contexts that varied in the level of numeral information they gave for a 
particular referent (from Unavailable to Available to Salient). In the sample scenario in Table 1, 
the relevant numeral information manipulated in the comic strips is the quantity (five) of candy 
bars. Subjects then read a conversation between two characters. The first character (the son in 
Table 1) either uttered no antecedent (Exophoric), an antecedent that did not contain a numeral 
(Unmodified), or an antecedent that contained a specific numeral (Modified). The second 
character always gave a VPE reply (e.g., the father in Table 1). Subjects were instructed to make 
a forced choice between interpreting ellipsis site of the VPE reply as not containing a numeral 
(Polar interpretation, “We can’t buy candy bars”) or containing a numeral (Scalar interpretation, 
“We can’t buy five candy bars”). The results (Figure 1) showed that under all antecedent types, 
the viability of the Scalar interpretation steadily increases, and the Polar interpretation decreases, 
as the numeral information in the comic strip context becomes more salient. These results 
replicated findings from Likert scale judgments in previous studies using a similar paradigm [8-9]. 
The strong effect from the broader discourse context challenges any account of VPE 
interpretation based solely on linguistic identity with the antecedent. 
Experiment 2 was designed to probe the most salient proposition in the context before the VPE 
reply was uttered. The design was identical to Experiment 1, except the second character’s 
utterance (the VPE reply) was removed and the interpretation prompt was adjusted to address 
the meaning intended by the speaker of the antecedent utterance. The results (Figure 2) indicate 
that the ratings of VPE interpretations in Experient 1 were constrained by the content of the 
linguistic antecedent and cannot be reduced only to the prior discourse availability of the 
competing interpretations. The most critical condition is the Unmodified/Salient condition. In this 
condition, the prior discourse availability of the Scalar interpretation is significantly higher than the 
Polar interpretation, as shown in Figure 2, but it is the Polar interpretation, which satisfies linguistic 
identity with the numeral-unmodified antecedent, that is significantly preferred in the same 
condition of Experiment 1 (Figure 1). This indicates that the pure Discourse strategy is also an 
insufficient model of VPE interpretation in context. 
Probabilistic models: To formalize the implications of the two experiments, three probabilistic 
models of VPE interpretation in context were constructed. In line with recent probabilistic models 
of language comprehension [e.g., 10-11], in all three models, interpretations compatible with the 
truth conditions of the elliptical utterance, as determined by the relevant interpretation strategy, 
were weighted according to their prior probability in the given context (the priors estimated in 
Experiment 2). The Identity model (Equation 1) construes VPE interpretation as proceeding solely 
under identity with a linguistic antecedent. The Discourse model (Equation 2) construes 
interpretation as proceeding only according to the prior probability of the competing interpretations 
(VPE is trivially truth-conditionally compatible with all interpretations). The Two-strategy model 
hybridizes the two approaches, using a free parameter to control the proportion according to 
which interpretation under the two strategies is combined. All three models include a free 
parameter allowing for random behavior due to noise or inattention. Comparison using the Bayes 
factor indicated that the Two-strategy model is substantially more likely to generate the 
Experiment 1 data than either the Identity or Discourse model (Figure 3; model fit was tested in 
all 9 experimental conditions, but there was no qualitative difference in fit between the models in 
the Exophoric and Modified conditions).  
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Table 1: Comic strip contexts (described in square brackets) and linguistic antecedents for Experiments 1 
and 2; VPE reply and interpretation prompts from Experiment 1; interpretation prompts from Experiment 2. 
 

 
 

Figures 1-2: Experiment 1 (left) and Experiment 2 (center) results. Frame: Exophoric, Unmodified, or 
Modified antecedent. Horizontal axis: U=Unavailable, A=Available, or S=Salient comic strip context. Vertical 
axis: Proportion of Polar or Scalar responses. Error bars: Standard error. 
Figure 3: Predicted proportion of Polar responses (by model) vs. observed Experiment 1 proportions for 
Unmodified antecedent conditions only. Frame: Maximum-likelihood instantiation of Identity, Discourse, or 
Two-strategy model. U=Unavailable, A=Available, S=Salient comic strip context. 
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 Exophoric Unmodified Antecedent Modified Antecedent 
Unavailable 
Context 

[Son stands near candy bars.] 
Son: [no utterance] 

[Son stands near candy bars.] 
Son: I want to buy candy bars! 

[Son stands near candy bars.] 
Son: I want to buy five candy bars! 

Available 
Context 

[Son takes five candy bars at once.] 
Son: [no utterance] 

[Son takes five candy bars at once.] 
Son: I want to buy candy bars! 

[Son takes five candy bars at once.] 
Son: I want to buy five candy bars! 

Salient 
Context 

[Son takes five individual candy bars, 
counting one by one.] 
Son: [no utterance] 

[Son takes five individual candy bars, 
counting one by one.] 
Son: I want to buy candy bars! 

[Son takes five individual candy bars, 
counting one by one.] 
Son: I want to buy five candy bars! 

Exp. 1: 
VPE interp. 
(VPE reply) 

Father: We can’t. 
Based on the scenario above, do you think it is more likely that the father meant: 

We can’t buy any candy bars. [Polar] 
We can’t buy five candy bars, but maybe we can buy fewer. [Scalar] 

Exp. 2: 
Priors 
(no VPE reply) 

Based on the scenario above, which of the following do you think is most likely? 
The son wants to buy candy bars, but doesn’t care how many. [Polar] 

The son wants to buy a specific number of candy bars. [Scalar] 

(1)  
 

(2) 
 

(3) 

 
Equations 1-3: Identity (1), Discourse (2), and Two-strategy (3) models. m = meaning (interpretation), 
M = set of possible meanings, u = utterance, d = discourse context (antecedent and comic strip). Here, 
P(m|d) indicates the prior probability of the Polar or Scalar reading, and P(m|u,d) indicates the probability 
of inferring the Polar or Scalar meaning for the elliptical utterance in the discourse context d. �u�
represents the compatibility, as 1 or 0, of the utterance with meaning m in context d according to the 
Identity strategy (truth conditions based on the antecedent VP) or the Discourse strategy (trivially true).  
! controls the proportion of the interpretation due to random selection from the set M. In Equation 3,  
" controls the proportion of non-random interpretation derived from the Identity vs. Discourse strategy. 



The mental representation of universal quantifiers: Evidence from verification 
Tyler Knowlton (Maryland), Paul Pietroski (Rutgers), Justin Halberda (Johns Hopkins), Jeffrey Lidz (Maryland) 

tzknowlt@umd.edu  
 

The meaning of sentences like every circle is blue could be represented in speakers’ 

minds in terms of individuals and their properties (e.g., for each thing that’s a circle, it’s blue) or 

in terms of relations between groups (e.g., the blue things include the circles). In other words, 

both the tools of first-order logic, as in (1-2), and the tools of second-order logic, as in (3-4), can 

be used to represent the meaning of universally quantified statements.  
 

(1) "x:Circle(x)[Blue(x)] (3) Circles Í Blue-Things 

(2) ¬$x:Circle(x)[¬Blue(x)] (4) Circles = Circles Ç Blue-Things 
 

We offer evidence that this formal distinction is psychologically realized in a way that has 

detectible symptoms. Specifically, we argue that each is represented in first-order terms – like 

(1) or (2) – but every and all are represented in second-order terms, like (3) or (4).  

Participants (12 per experiment) were presented with 272 quantificational statements 

(e.g., “every big dot is blue”) and asked to judge their truth with respect to dot displays (see Fig 

A). Then they were asked to guess the cardinality of a subset (e.g., “how many big dots were 

there?”). If a quantifier Q has a first-order meaning, Q big dot(s) should prompt speakers to 

represent the big dots as individuals. In doing so, they won’t automatically build a cardinality 

representation for that group. If Q has a second-order meaning, Q big dot(s) should bias 

speakers to represent the big dots, taken together. One consequence of representing a group is 

automatically building an estimate of its summary statistics, one of which is cardinality (e.g., 

Ariely, 2001; Alvarez, 2011). Therefore, second-order quantifiers should lead to better 

performance on the relevant “how many” questions than their first-order counterparts.  

To judge how well participants knew a set’s cardinality, responses were fit with a 

standard psychophysical model of number estimation, which allows for comparisons of accuracy 

and precision (i.e., amount of variability in responses) (Odic et al., 2016). Experiment 1 

compared most-statements like “most of the big dots are blue” to existential-statements like 

“there is a big dot that’s blue” and “there are big dots that are blue”. Because most is 

necessarily second-order (Rescher, 1962; Barwise & Cooper, 1981), evaluating most-
statements should lead to group representations of the restrictor set (e.g., big dots). 

Consequently, participants should demonstrate good estimates of its cardinality. We find that 

participants were more accurate (t11=4.57, p<0.001) and more precise (t11=3.02, p<0.05) at 

estimating the cardinality of this set after most-statements than after existential-statements. For 

unmentioned (distractor) sets’ cardinalities (e.g., small dots) however, participants showed poor 

performance regardless of which statement they evaluated (Fig B).  

Experiment 2 (Fig C) pitted each and all against each other with statements like “each/all 

of the big dots are blue”. Participants were more accurate (t11=3.75, p<0.01) and more precise 

(t11=5.34, p<0.001) at guessing the cardinality of the restrictor set following all-statements 

compared to each-statements. This suggests that all has a second-order representation, 

whereas each has a first-order representation. Experiment 3 (Fig D) finds the same result when 

comparing every- to each-statements: every patterns like all and most in terms of relative 

accuracy (t11=2.39, p<0.05) and precision (t11=4.82, p<0.01) boosts. Experiment 4 (Fig E) 

directly compared every- with all-statements. Given the results of experiments 2 and 3, we 

predicted no effect of quantifier. These predictions were borne out in both accuracy (t11=0.43, 

p=0.67) and precision (t11=0.44, p=0.67), as performance was nearly identical across blocks.  

Given the identity of the task and materials in all respects besides the difference in 

quantifier, our results are well explained by appeal to meaning. Namely, each has a first-order 

representation but every and all have second-order representations, despite the truth-

conditional equivalence of all three. More broadly, our results support the idea that quantifier 

meanings are mentally represented at a finer grain size than truth-conditions.  
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Delayed attachment commitments for parenthetical relative clauses: An eye-tracking study 
Marju Kaps, Alexandra Lawn & Jesse Harris (University of California, Los Angeles) 
mkaps@ucla.edu 
  

Background: Sentence processing research has only begun to address when not-at-issue-
content is integrated into the broader discourse context [1]. Parenthetical relative clauses 
(ParRCs) offer a rich testing ground for discourse integration, as they permit syntactic 
attachment ambiguities, much like restrictive relative clauses (ResRCs). However, we propose 
that the factors guiding the online integration of English ResRCs and ParRCs are distinct. 
Whereas structural biases (e.g., Late closure [2] or Recency [3]) are thought to resolve 
attachment ambiguities for ResRCs early in processing, the processor delays when integrating 
ParRCs, possibly constructing a preliminary or underspecified parse. We hypothesize that the 
independent discourse status of ParRCs [4] results in delayed structural integration until 
information about the discourse properties (e.g. salience) of attachment sites is acquired, 
thereby allowing early locality preferences to be circumvented during sentence parsing.  

In both our norming and the eye-tracking experiment, high and low RC attachment were 
disambiguated with grammatical number, forcing the RC-internal verb to agree with one of two 
nouns in a complex object NP, e.g., brother (high) or hosts (low) in (1). 
Offline norming: A naturalness ratings task (N=44) found that items with ParRCs (M=5.03, 
SE=0.08) were rated as more natural than those with ResRCs (M=4.70, SE=0.08) in a linear 
mixed effect regression model (as below), p<.01, but there was no effect of attachment, p=.59, 
and no interaction between clause type and attachment, p=.94. In a fill-in-the-blank task 
(N=38) where the RC verb (was/were) was replaced with a blank (3), roughly equal high 
attachment completions were provided for ParRCs (58%) and ResRCs (54%), p=.22. Overall, 
the two offline norming tasks showed no differences in attachment preferences between 
ResRCs and ParRCs [vs. 1]. 
Online processing: In an eye-tracking experiment (N=36), half of the experimental items 
were followed by a non-trivial comprehension question (2) to discourage shallow processing. 
We excluded participants with comprehension question accuracy below 70%. The overall 
pattern suggests an early processing asymmetry in attachment sensitivity between ParRCs and 
ResRCs; see Figure. In LMER models, we observed an interaction between clause type and 
attachment in first pass times, p<.05. ResRCs showed a penalty for high attachment on the RC 
verb (who was/were) region (diff=63ms), as previously observed for English [e.g., 2]. In ParRCs, 
high attachment did not increase first pass times on the RC verb (diff=21ms). This interaction is 
compatible with the hypothesis that the parser immediately resolves attachment for ResRC, but 
that ParRC attachment may initially be left underspecified, despite disambiguation from 
grammatical number. There was some suggestive evidence that ParRCs preferred high 
attachment at a delayed time course. Namely, there was a crossed interaction for first pass 
times on the sentence-final region (was really crowded), with a low attachment penalty for 
ParRCs (diff=49ms) and a high attachment penalty for ResRCs (diff=67ms), p<.001. The effects 
on the final region may reflect post-syntactic discourse-integration processes associated with 
sentence-final “wrap up” processes [5], at which point we hypothesize that ParRCs are fully 
integrated into the main structure, guided by factors such as discourse salience. We do, 
however, suspect that participants engaged in shallow processing, as second pass times 
following the RC verb region were shorter for ParRCs (on NP2 and RC verb) compared to 
ResRCs, which suggests reduced rereading of the disambiguating material. 
Summary: The results suggest that ResRCs and ParRCs yield distinct processing 
commitments at different stages in sentence processing. We posit that this finding is linked to 
the discourse status of the two clause types, in that attachment of independent or non-at-issue 
content (ParRCs) is delayed, a finding that is broadly compatible with Construal Theory [6] and 
other frameworks in which some elements of a parse may go underspecified in early stages of 
comprehension. 
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Materials.  
 
(1) Sample item for the naturalness rating and eye-tracking experiments. Plurality of NP1 vs. 
NP2 was balanced across items. 
      a. ResRC High: Everybody met the brother of the hosts who was really tall, 
      b. ResRC Low: Everybody met the brother of the hosts who were really tall, 
      c. ParRC High: Everybody met the brother of the hosts (who was really tall), 
      d. ParRC Low: Everybody met the brother of the hosts (who were really tall),           
                                                                            ... although the party was really crowded. 
 
(2) Sample comprehension question (in the eye-tracking experiment):  
 Were the hosts really tall?  Yes No 
 
(3) Sample item from the fill-in-the-blank offline norming study. 
     a. ResRC: Everybody met the brother of the hosts who ___ really tall,  [54% High] 
     b. ParRC: Everybody met the brother of the hosts (who ___ really tall),  [58% High] 
                                                 ... although the party was really crowded 
 
 
Figure: First pass times from the eye-tracking experiment on RC and post-RC regions 
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Contributions of experience to the mind and brain: insights from studies of language in 

blindness.  

 

Marina Bedny 

Johns Hopkins University 

 

 

Blindness has historically been a test case for resolving nature/nurture questions. Empiricist 

philosophers reasoned that a person born blind might say “visual” words but could never truly 

grasp their meaning. According to Locke, a man born blind might say that marigolds are yellow, 

but to a blind man, yellow would merely refer to a marigold’s texture. Empirical studies of 

language among individuals born blind contradict Locke’s supposition and challenge current 

assumptions about neurocognitive development. We find that blind individuals develop rich and 

accurate causal theories of how color works, but are less likely than the sighted to learn 

arbitrary verbal color associations (e.g. bananas are yellow). These studies suggest that in the 

absence of first-person sensory access, linguistic communication is sufficient to support the 

development of rich conceptual knowledge through inference. While “visual” meanings are 

resilient to blindness, the neural basis of language changes in a surprising way: parts of cortex 

that evolved for visual perception undergo dramatic plasticity and are incorporated into the 

fronto-temporal language network. In those blind from birth, early “visual” cortices become 

sensitive to grammar and meaning. Blind individuals also show enhanced performance on 

sentence processing tasks, suggesting behavioral relevance. Studies of blindness suggest that 

the neural phenotype of language emerges through a dynamic process that includes 

competition for cortical real estate between language and other cognitive functions. The human 

brain is ready for language and is transformed by it. 
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Semantic projection: Recovering human knowledge of multiple, distinct object properties 
from natural word collocations 

Gabriel Grand* (Harvard), Idan Asher Blank* (MIT), 
Francisco Pereira (NIMH), & Evelina Fedorenko (Harvard, MIT) 

iblank@mit.edu 

Background. Word meanings (lexical semantics) represent only a subset of our rich and 
detailed conceptual knowledge (semantic memory). Any theory of lexical semantics should thus 
specify the kinds of world knowledge captured in the lexicon. Here, we probe the common 
knowledge captured by a prominent model class of word meanings: Distributional Semantic 
Models (DSMs), vector-space representations learned from lexical collocations in corpora [1,2].  

A DSM captures semantic similarities between words via the proximity between their 
respective vectors [3,4]. However, such proximity only provides a single, “rigid” measure of 
overall pairwise similarity. Humans, in contrast, evaluate conceptual similarity flexibly, in a 
context-dependent manner: for instance, dolphins and tigers are similar in terms of size, but 
differ significantly in terms of danger or habitat. Can such distinct, multiple relationships be 
inferred from word collocations? If so, how is such complex knowledge expressed in a DSM? 

Approach. We introduce a powerful, domain-general method for extracting context-
dependent knowledge from DSMs: “semantic projection” of words onto subspaces representing 
“contexts”. To operationalize context-dependent knowledge, we use ratings of concrete entities 
(e.g., animals) along different semantic properties (e.g., size, danger, or wetness). Fig. 1 depicts 
an example of rating animal size in a simplified, three-dimensional DSM: first, we construct a 
“size scale” as the vector difference between antonyms denoting opposite property values—e.g., 
!"#$% and !"#$$. Then, we project animal word-vectors onto this scale. Similarly, we can project 
on the line from !"#$%&'() to !"#$ (for rating danger), or from !"# to !"# (for wetness).  

Methods. We compared semantic projection against human ratings of diverse objects 
for different properties. We used (i) 9 categories, each including the 34-50 most frequent nouns 
from the set in [5]; and (ii) 17 semantic properties. All properties have been produced in feature-
elicitation studies and all category items and property antonyms have been used as cues 
therein [6,7]. Out of 9×17 = 153 possible category/property pairs, we selected 52 based on a 
norming study and intuitive appropriateness. For each pair, 25 MTurk subjects rated each noun 
on a separate continuous scale (e.g., for “size”: 0=”small, little, tiny”, 100=”large, big, huge”). 
Semantic projection was applied to the same category-property pairs in a GloVe DSM [4]. We 
compared the mean human ratings (after within-subject z-scoring) to semantic projection via 
Spearman’s r and permutation tests [FDR-corrected across pairs; 8]. 

Results. Overall, semantic projection successfully recovered human knowledge (Figs. 2, 
3): median Spearman’s r=0.47 (adjusted for inter-subject reliability: 0.61) (significant for 35 
pairs). Items with extreme property values (e.g., “mammoth” or “mosquito” for animals/size) only 
biased correlations to the same extent that they increased inter-subject reliability. Projection on 
a line connecting antonyms significantly outperformed projecting on either antonym in isolation. 

Conclusions. Whereas flexible object knowledge has traditionally been modeled with 
symbolic representations (e.g., feature lists, schemata, intuitive theories) [9-11], here we show 
that it can be constructed bottom-up from word collocations and is easily extractable from DSMs 
via semantic projection (cf. previous attempts using, e.g., dependency parsed corpora) [12-15]. 
Our method is robust, generalizing across different categories (animate/inanimate, natural/man-
made, common/proper nouns) and different “kinds” of properties (from relatively binary, like 
animal wetness, to more continuous, like animal size). To the extent that DSMs model lexical 
semantics, our findings suggest that complex property knowledge is part of a concrete noun’s 
meaning. Moreover, our findings are consistent with the intriguing hypothesis that, like DSMs, 
humans can use language as a gateway to acquiring conceptual knowledge [16-20]. 

Further details. For a full write-up, see: https://arxiv.org/abs/1802.01241. 
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Fig 3: Example scatterplots of semantic projection (x-axis) predicting human judgments (y-axis). Example items are 
labeled in red for illustration. Blue lines are linear fits to the data.  
 

are orthogonally projected (blue lines) onto a linear scale for “size” (red line), defined as the vector difference 
between !"#$%!!!!!!!!!!!⃗  and !"#$$!!!!!!!!!!!⃗  (red circles). Dimensions are arbitrary and chosen to enhance visualization. 
 

Fig 1: Illustration of semantic projection. Word- 
vectors in the category “animals” (blue circles)  
 

 

 
 

Fig 2: Distribution of Spearman’s r values (x-
axis) for 52 category/property pairs. Mean and 
95% CI are plotted for significant (blue) and 
non-significant (grey) values. 
 



 Harry Potter and the language-knowledge interface: 
ERPs reveal retrieval of domain and specific knowledge during reading 

Melissa Troyer and Marta Kutas (UCSD) 
mtroyer@ucsd.edu 

Across cognitive systems, world knowledge allows individuals to organize raw sensation 
into meaningful experiences. Language processing is no exception—words cue world knowledge 
which can be rapidly brought to mind in real time. It stands to reason that how much and how well 
individuals know things will impact what each individual brings to mind during real-time 
comprehension; yet to date, models of real-time language processing have not taken this 
variability into account. We addressed this issue by studying a linguistically rich, yet constrained, 
popular domain—the fictional world of Harry Potter (HP), by J.K. Rowling. In a series of three 
studies (Experiment 1 reported in [1]), we recorded event-related brain potentials (ERPs) while 
young adults who varied in their knowledge of HP read sentences about HP “facts” and/or 
sentences describing general topics (Table 1). As a measure of real-time knowledge retrieval, we 
focused on N400 amplitude, a brain potential with a centro-parietal maximum occurring ~250-500 
ms post stimulus onset that is sensitive to factors impacting the ease of retrieval from semantic 
memory, with larger reductions in N400 (i.e., more positive-going N400 potentials) associated 
with greater ease of retrieval [2]. 

Across all three studies, we found that individuals’ domain knowledge of HP (assessed 
via an offline multiple-choice trivia quiz; details in [1]) was moderately-to-strongly correlated with 
average N400 brain potentials to contextually supported (i.e., accurate) words completing 
sentences about HP, but not to unsupported (inaccurate) endings, nor to N400 effects (i.e., 
difference ERPs) of more vs. less supported endings to sentences describing general topics 
(Experiments 1 and 3). Single-trial regression analyses pitting domain knowledge against 
participants’ reports of knowledge about each HP “fact” (i.e., whether or not they had known each 
fact ahead of reading it) revealed trial-level knowledge was a strong, but not the sole, predictor of 
N400 amplitudes to supported words (Experiment 2). Rather, even after accounting for trial-level 
knowledge reports, and especially when retrieval conditions were presumably more difficult (i.e., 
for trials reported as unknown by an individual or those generally less likely to be known across 
participants), N400 amplitudes were modulated by individuals’ domain knowledge of HP. We 
hypothesized that degree of domain knowledge might modulate real-time semantic retrieval by 
virtue of the differential organization of that information in semantic memory—for example, 
functionally organized around events and categories, as has been proposed more generally in 
the literature on expert knowledge [3]. 

In Experiment 3, we therefore manipulated the relationship between the final (critical) 
words of HP sentences and their sentence contexts according to these organizational structures. 
Critical words (each of which appeared across conditions) were supported continuations, 
unsupported/unrelated continuations, or unsupported continuations that were related via an HP-
specific category to the supported ending or to the event/episode being described by the sentence 
context. Individuals with greater HP domain knowledge showed reduced N400 amplitudes not 
only to supported words, but also to unsupported but contextually related words (for both types of 
relationships), compared to the unsupported unrelated words. That is, domain knowledge 
systematically influenced the quick availability of functionally (categorically, event-based) related 
knowledge during written sentence comprehension. 

Our results provide the first empirical demonstration that real-time retrieval of knowledge 
during reading is determined by how much information is known and which facts are readily 
available to an individual comprehender. Domain knowledge seems to influence implicit retrieval 
of (perhaps) partial information (Experiment 2) and the availability of relevant/related information 
(Experiment 3)—the very information that is needed to make sense of words in real time. We 
hypothesize that variation in domain knowledge leads to systematic variation in hallmark 
organizational structures of semantic memory, including organization of categories and events, 
which in turn influence the degree to which relevant information can be (pre-)activated in order to 
make sense of words in real time. 
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Table 1. Sample sentence materials for each ERP experiment. Critical words are provided in 
brackets and color coded by ending type. For Experiment 3, samples of items with category-
related (1-2) and event-related (3-4) endings are provided. 

HP Sentences 

Experiment 1 
{Supported / Unsupported} 

Ron Weasley joins the Gryffindor Quidditch team in his fifth year. He 
plays in the position of { Keeper / Elder }. 
The Hogwarts staff member who heads up the Inquisitorial Squad is 
detested by students. Her name is Professor { Umbridge / Figg }. 
Harry has a patronus. It takes the form of a { stag / lizard }. 
Harry’s parents left him a large inheritance. It’s located at the 
wizarding bank called { Gringotts / Wizengamot }. 

Experiment 2 
{Supported} 

Ron Weasley joins the Gryffindor Quidditch team in his fifth year. He 
plays in the position of { Keeper }. 
The Hogwarts staff member who heads up the Inquisitorial Squad is 
detested by students. Her name is Professor { Umbridge }. 
Harry has a patronus. It takes the form of a { stag }. 
Harry’s parents left him a large inheritance. It’s located at the 
wizarding bank called { Gringotts }. 

Experiment 3 
{Supported / 

Unsupported-Related /  
Unsupported-Unrelated} 

Ron Weasley joins the Gryffindor Quidditch team in his fifth year. He 
plays in the position of { Keeper / Seeker / Animagus }. 
The Hogwarts staff member who heads up the Inquisitorial Squad is 
detested by students. Her name is Professor { Umbridge / Quirrell / 
Flobberworms }. 
Harry has a patronus. It takes the form of a { stag / dementor / 
Sectumsempra }. 
Harry’s parents left him a large inheritance. It’s located at the 
wizarding bank called { Gringotts / Galleons / Lockhart }. 

  

Control Sentences 

Experiments 1 & 3 only 
{Supported / Unsupported} 

We had been watching the blue jay for days. The bird laid her eggs in 
the { nest / yard }. 
The couple had to be somewhere right after dinner. They left the dirty 
dishes in the { sink / tub }. 
The waiter was very rude. We ended up not giving him a { tip / 
gratuity }. 
It was time for Joan to feed her baby. She was just preparing some 
warm { milk / cream }. 

 

References. [1] Troyer & Kutas (2018). Harry Potter and the Chamber of What?: the impact of what 
individuals know on word processing during reading. Language, Cognition and Neuroscience. [2] Kutas & 
Federmeier, K.D. (2000). Electrophysiology reveals semantic memory use in language comprehension. 
TICS, 4(12), 463-470. [3] Ericsson et al. (Eds). (2006). The Cambridge Handbook of Expertise and Expert 
Performance. Cambridge, UK: Cambridge University Press. 



Capturing continuous effects of context during naturalistic story reading 
Shannon McKnight & Albert Kim (University of Colorado Boulder) 
shannon.mcknight@colorado.edu  

Many psycholinguistic studies have investigated how context processing is reflected in 
the brain’s response to words. These studies often focus on single words in isolated sentences. 
Natural reading and listening, however, involves the interaction between a much larger body of 
contextual information and the current word. To understand how naturalistic context impacts the 
neural operations underlying word reading, we recorded EEG while 30 participants read nine 
short stories related to science topics (e.g., “Solar eclipse”, “The life of a bee”), totaling ~3,000 
words. Words appeared on the screen one by one at a self-paced rate (Ditman, Holcomb & 
Kuperberg, 2007). ERPs for each word, averaged across subjects, were drawn between 0-
1000ms with a 200ms pre-stimulus baseline period, referenced to linked mastoid channels. 

We quantified contextual fit by calculating a word’s semantic distance to the words in a 
leftward context window. Contextual fit for each content word in the stories (~1500 content 
words) was defined as the cosine distance between the word’s vector space representation 
(GloVe vector space: Pennington et al, 2014) and the sum of vectors of the 10 preceding 
content words. A larger cosine value indicated strong contextual fit for the word. We examined 
how ERP voltages were predicted by this measure of contextual fit along with 6 lexical features 
simultaneously: word length, visual complexity, consonant-vowel proportion, bigram frequency, 
word frequency, and sentence position. We fit a multiple-regression model predicting voltages at 
each 5ms time-point in the first 500ms post-word onset, at each of 62 scalp-located electrodes 
and corrected for false discovery rate (Groppe et al, 2012; Dufau et al, 2014). Word length 
significantly predicted ERP voltage between 70-120ms, followed by significant effects of visual 
complexity (150-300ms), sentence position (175-300ms), bigram frequency (225-250ms), and 
word frequency (200-400ms). Contextual fit predicted activity between 300-500ms, 
corresponding to the semantic access related N400 component. These relationships together 
confirm that word-recognition within our self-paced story reading paradigm elicits a cascade of 
neural responses reflecting increasingly sophisticated lexical representations (Fig 1).  

We next examined how context interacted with effects of lexical features. We separated 
words into three bins of contextual fit (high, medium, and low) and then conducted the analysis 
described above with just lexical features as predictors. Effects of lexical features were strong 
when contextual fit was low (Fig 2), and effects nearly disappeared when contextual fit was 
high. We conclude from this pattern that stronger context leads to greater prediction of the 
upcoming word, reducing the impact of the word’s lexical features on the brain’s activity 
because those features have been “pre-activated”. These pre-activations appear to be relayed 
from high-order semantic representations to visual processing areas, reflected in the impact of 
context on very early EEG activity related to physical features of a word such as length.  

Finally, we investigated the amount of context used by comprehenders in recognizing 
each word. We examined the impact of contextual fit on 300-500ms EEG activity separately for 
context windows ranging in size from 5 to 20 preceding content words. For each window, we 
quantified the strength of context’s impact by summing the t-values of all of the tests within the 
300-500ms time-window. Contextual fit effects were maximal for windows of 10 content words, 
and decreased continuously as the window was made either smaller or larger. It seems that 
readers are strongly influenced by representations of context that can reach quite far back in the 
text—in the current situation, around 10 content words, which typically spans 2-3 sentences. But 
the impact of context diminishes as the context window extends beyond this maximal value, 
suggesting prioritization of recent information in impacts of context. 
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Figure 1: Effects of lexical features on ERP activity averaged across subjects, over time and at every electrode. Color 
indicates a significant statistical test after FDR correction for multiple comparisons; blue indicates negative slope and 
red indicates positive slope. Visual features (word length and visual complexity) affect the ERP first, followed by higher 
order features such as word and bigram frequency. Contextual support shows strongest effects within an N400 time 
window broadly across the scalp. 

Figure 2: Effects of 
lexical features 
separately for words 
with low, mid, and 
high contextual fit. 
Color indicates 
significant tests after 
FDR correction for 
multiple comparisons; 
blue indicates 
negative slopes, red 
indicates positive 
slopes. As contextual 
fit increases, lexical 
features are less 
predictive of ERP 
responses to words, 
indicated by the lack 
of color in panel 3 
compared to panel 1. 

 

Figure 3: Statistical strength of effects of contextual fit effects, 
at various context window sizes. Each point reflects the 
summed t-values for all tests between 300-500ms post-word 
onset. Context window size varies between 5-20 previous 
content words included in a summed word vector compared to 
the current word. The effects were maximal for a 10 word 
context window, and decreased for smaller or larger windows. 
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Predictive pre-updating: Converging evidence from electrophysiology and eye-blink rate 
Tal Ness & Aya Meltzer-Asscher (Tel Aviv University) 

talness@mail.tau.ac.il 
Introduction: Prediction during sentence processing was suggested to involve two qualitatively 
distinct mechanisms: “pre-activation” of representations in long-term memory (LTM), and “pre-
updating” of the context’s representation in working memory (WM) to include the predicted content 
[1]. Unlike pre-activation, pre-updating has hardly been studied. In a recent event-related 
potentials (ERP) study [2], pre-updating was demonstrated as an increased P600 amplitude prior 
to a highly predictable word, indicating integration of the predicted word prior to its appearance. 
The effect was greater for participants with higher WM capacity, suggesting a higher tendency to 
pre-update. Here we present converging evidence for pre-updating, and for the influence of WM 
capacity, from two additional experiments. We also explore the circumstances under which pre-
updating occurs, establishing a plausible architecture for the interface between LTM and WM. 
Methods: Experiment 1: 48 participants read strongly and weakly constraining sentence 
fragments (i.e. fragments that lead or do not lead to a strong prediction, 156 sentences, see Table 
1), presented word-by-word. ERPs were measured on the verb at the end of the fragment, where 
the prediction is generated. Participants were then prompted to complete the sentence aloud as 
quickly as possible (the production prompt was separated from the verb by the Hebrew accusative 
case marker, to prevent ERP artifacts). This design allowed us to test whether pre-updating, 
indicated as an increased P600 amplitude on the verb [2], depends on the participant’s specific 
completion, i.e. whether she produces the most probable completion (highest cloze-probability) 
or not. It also enabled looking for a correlation between the P600 effect and production onset. 

Experiment 2 (N=40) employed an event-based eye-blink rate (EBR) methodology. Research has 
shown that EBR is an indirect measure of dopamine activity in the striatum [3] and increases when 
WM is updated [4], in line with the prefrontal cortex basal ganglia WM model [5,6]. Experiment 2 
used 160 two-word phrases with the first word either highly predictive of the second (e.g. global 
warming) or not (e.g. vegetable soup). In highly predictive phrases, upon updating the first word 
into WM, if pre-updating occurs then the predicted second word is also updated. No additional 
updating is needed upon presentation of the second word, and reduced EBR is predicted.  
In both experiments, participants' WM capacity was assessed via a reading span (RS) task. 
Results: Experiment 1: Behavioral data replicated previous findings [7], with higher cloze 
probability as well as higher constraint leading to shorter production onset (analysis as detailed 
in [7], p's < .001). In the ERP data, high constraint trials were divided based on the produced 
word, forming three conditions: HH (High constraint, High cloze word produced), HL (High 
constraint, Low cloze word produced), L (Low constraint). A P600 effect was observed in both HL 
and HH conditions (relative to L). Words produced faster were preceded by a larger P600 (Figure 
1a,b). Experiment 2: EBR was decreased in the high vs. low constraint condition (Figure 2a). Both 
the P600 and EBR effects were greater for participants with higher RS (Figures 1c, 2b). 
Discussion: Experiment 1 replicated the P600 effect at the verb [2], and showed that this effect 
exists regardless of whether the participant’s prediction in the specific moment is the most 
probable completion. Additionally, this effect was correlated with production onset, suggesting 
that the likelihood of pre-updating depends on the time needed for a predicted word to be 
retrieved. These results support an architecture with a retrieval threshold at the interface between 
LTM and WM. This threshold is usually reached by bottom-up activation (i.e. when the word 
appears in the input). Pre-updating occurs when top-down activation is strong enough, and fast 
enough, to reach this threshold prior to realization of the word in the input. In Experiment 2, pre-
updating manifested as decreased EBR when the second word did not require additional gating 
and updating, thus providing additional evidence for pre-updating. In both experiments, pre-
updating effects were greater for participants with higher RS, thus strengthening the claim that 
these effects reflect WM updating. The influence of WM capacity could be mediated by a lower 
threshold for participants with higher WM capacity, leading to a higher likelihood of pre-updating. 
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Table 1: Example set for experiment 1 
Constraint Sentence fragment 

High 
 

biglal še-ofir   lo   makir et      ha-sifria,    ha-safranit   azra     lo    limco    et      ___ 
since  that-ofir not know ACC the-library, the-librarian helped him to-find ACC ___ 
‘Since Ofir isn’t familiar with the library, the librarian helped him find ___’ 
 

Low 
 

ofir xipes       ve-xipes         bemešex šaot,   aval lo   ecliax       limco    et      ___ 
ofir searched and-searched for          hours, but  not succeeded to-find ACC ___ 
‘Ofir had searched for hours, but he couldn’t find ___’ 
 

Note: Sentences were presented in Hebrew. ACC = accusative marker. 
 

 
Figure 1: ERP results 

 
 
 
 
 

P600 at a representative electrode 
 

Analysis over posterior electrodes: 
Main effect of Condition (F(2,94) = 12.842, p <.001). 
Pairwise contrasts: 
HL and L differ significantly (F(1,47) = 18.970, p < .001). 
HH and L differ significantly (F(1,47) = 28.181, p < .001). 
HL and HH do not differ significantly (F(1,47) = 0.755, p = .389). 

 

     
 

By-trial correlation between P600 amplitude and 
production onset (Pearson correlation = -.048,      
N = 7022, p < .001) 

 

      
By-participant correlation between RS and the 
P600 effect (Pearson correlation = .295, N = 48,    
p = .042) 

 

 
Figure 2: ebEBR results 

      
Decreased EBR in the high (relative to low) 
constraint condition (t(39) = -3.276, p = .002). 

 

      
By-participant correlation between RS and the 
EBR effect (Pearson correlation = .339, N = 40,     
p = .032) 

 
 

References: [1] Lau, E. F., Holcomb, P. J., & Kuperberg, G. R. (2013). Dissociating N400 effects of prediction from association in 
single-word contexts. Journal of Cognitive Neuroscience, 25, 484-502. [2] Ness, T. & Meltzer-Asscher A. (2018). Predictive pre-
updating and working memory capacity: Evidence from event-related potentials. Journal of Cognitive Neuroscience, 30, 1916-1938. 
[3] Jongkees, B. J., & Colzato, L. S. (2016). Spontaneous eye blink rate as predictor of dopamine-related cognitive function—A review. 
Neuroscience & Biobehavioral Reviews, 71, 58-82. [4] Rac-Lubashevsky, R., Slagter, H. A., & Kessler, Y. (2017). Tracking real-time 
changes in working memory updating and gating with the event-based eye-blink rate. Scientific reports, 7, 2547. [5] D’Ardenne, K., 
Eshel, N., Luka, J., Lenartowicz, A., Nystrom, L. E., & Cohen, J. D. (2012). Role of prefrontal cortex and the midbrain dopamine 
system in working memory updating. Proceedings of the National Academy of Sciences, 109, 19900–19909. [6] Hazy, T. E., Frank, 
M. J., & O’Reilly, R. C. (2006). Banishing the homunculus: making working memory work. Neuroscience, 139, 105-118. [7] Staub, A., 
Grant, M., Astheimer, L., & Cohen, A. (2015). The influence of cloze probability and item constraint on cloze task response time. 
Journal of Memory and Language, 82, 1-17. 
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When does repair occur? 
Nathaniel Paley & Eliyahu Spivack (Yeshiva University) 

nathaniel.paley@mail.yu.edu 
 

Recent cross-linguistic analyses have revealed that repair, defined by Levinson (1983) 
as an alteration that is suggested or made in the course of conversation in order to correct or 
clarify a previous contribution, occurs very frequently in conversation, suggesting that it might be 
a universal feature of human communication (Dingemanse et al., 2015). Does this mean that 
people repair every bit of conversation which requires repair? Recent laboratory studies have 
shown that people often fail to even notice  moments of incoherence in conversation (Galantucci 
& Roberts, 2014; Roberts, Langstein, & Galantucci, 2016; Galantucci, Roberts & Langstein, 
2018), suggesting at least one reason for a negative answer to the question. In one study, 
people engaged in dyadic instant message conversations often failed to notice that their 
conversation had been crossed multiple times with that of another dyad (Galantucci & Roberts, 
2014). A second study (Galantucci, Roberts, & Langstein, 2018) extended these findings to 
face-to-face conversation, suggesting that low sensitivity to conversational incoherence might 
well be a natural feature of human communication. Furthermore, an informal analysis of the 
transcripts of these studies revealed that even when people seemed to notice the moment of 
conversational incoherence, they often forewent repair. The present study is aimed at further 
investigating this surprising observation. In particular, we test the hypothesis that people in the 
studies by Galantucci and colleagues forewent repair because they were involved in casual 
conversations in which a moment of conversational incoherence had no tangible consequences.  

We had six participants perform a simple task of moving small objects on a chessboard 
according to the instructions of a confederate who, on the third of four trials, uttered an 
instruction containing the non-word “skask” (the instruction was as follows: “please pick up the 
skask and move it to C5”). When one of the objects had no well-known name (see Figure 1a), 
five of the six participants forewent repair and moved that object. In an attempt to increase the 
rate of repair, we then replicated the study with two objects with no well-known name (Figure 
1b). Four of six participants forewent repair and moved one of the objects with no well-known 
name. To ensure that they were motivated to pay attention to the instructions of the 
confederate, all participants were provided with monetary compensation for their participation 
and were instructed to try to complete the task to the best of their ability. 

The results of this pilot study suggest two conclusions. First, supporting the hypothesis 
of the study, repair frequency increases when the tangible consequences of foregoing repair are 
more likely. Because this is a very small increase (from 1 of 6 to 2 of 6), further investigation, 
which is ongoing in our professor’s laboratory, is certainly needed to evaluate our hypothesis 
more fully. Second, some people forego repair even when it is fairly likely that doing so will lead 
to a tangible consequence. Although further investigation is required to understand the 
motivation for this behavior, it may represent an attempt to preserve “positive face” (Brown & 
Levinson, 1987), to avoid interrupting the flow of conversation, or some combination of one or 
both of these with other social factors. Taken together, these conclusions suggest a second 
reason for a negative answer to the question which prompted this study. Even when 
incoherence is noticed and repair is needed, people might still forego repairs.  
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Figure 1  a. Object with no well-known name            b. Two objects with no well-known name 
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When is irony influenced by communicative constraints? ERP evidence supporting 
interactive models 
Sendy Caffarra, Arman M. Haeri, Elissa Michell & Clara D. Martin (Basque Center on Cognition, 
Brain and Language) 
s.caffarra@bcbl.eu 
 
Distinct theoretical proposals have described how communicative constraints (contextual 
biases, speaker identity) impact irony processing. Modular models assume a two-step 
processing where literal meaning is accessed first and figurative meaning is available only later 
on, when social and contextual factors are taken into account (Grice, 1975; Searle, 1979). 
Interactive models claim that, with supportive contexts (e.g., negative contexts), figurative 
meaning can be accessed as early as literal meaning (Gibbs, 1986). A more extreme interactive 
proposal (constraint-satisfaction model) further assumes that speaker’s characteristics (e.g., 
accent) as well as contextual biases (e.g., negative and positive contexts) can compete early on 
to support the most likely sentence interpretation (either literal or figurative; Katz et al., 2004; 
Pexman, 2008).  

The present ERP study teased apart these models by testing the impact of contextual biases 
and speaker’s features on the time course of irony analysis. Thirty-six Spanish native speakers 
were presented with 240 Spanish utterances that could be ironic or literal. Contextual biases 
were manipulated so that each target sentence was embedded in a negative or a positive 
context (with negative contexts corresponding to the most frequent and prototypical type of 
irony; see Table 1). Speakers’ characteristics were manipulated so that each Spanish story 
could be uttered in a native (Spanish) or a foreign accent (English; with foreign speakers 
corresponding to the speakers with presumably less refined pragmatic skills). Pre-study ratings 
ensured that the accent type (native, foreign) was easily recognized by Spanish native listeners. 
Acoustic features (i.e., duration, pitch, speech rate) of the target word and of the target sentence 
were matched across conditions. Grand-average ERP waveforms were time-locked to the onset 
of the target word. Repeated-measures ANOVAs were conducted on early (150-300 ms) and 
late (500-1000 ms; 1000-1500 ms) time windows defined based on visual inspection. The 
analysis included the following within-subject factors: Irony (ironic, literal), Context (positive, 
negative), Accent (native, foreign), and topographic factors (Hemisphere; Anteriority). ERP 
results showed that contextual biases and speaker accent interact with irony processing as 
early as 150 ms after stimulus onset (Irony x Context x Accent: F(1,35)=4.47, p<.05; see Figure 
1). Greater N400-like effects were reported for ironic relative to literal sentences only when the 
context was positive and the speaker’s accent was native (negative context: no Irony effect, all 
F(1,35)<1; positive context, Irony x Accent: F(1,35)=4.61, p<.05; native accent: t(35)=2.18, 
p<.05; foreign accent: t(35)=1.36, p=.18), possibly suggesting semantic difficulties during the 
interpretation of non-prototypical irony produced by natives. A P600 effect was reported in 
response to any type of irony (500-1000 ms: F(1,35)=4.09, p=.05; 1000-1500 ms: F(1,35)=6.65, 
p<.05; in line with previous ERP studies; e.g., Regel et al., 2011; Spotorno et al., 2013). 
However, longer-lasting P600 effects were reported in the case of positive contexts (1000-1500 
ms: Irony x Context: F(1,35)=4.22, p<.05; negative context : no Irony effects, F(1,35)<1; positive 
context: F(1,35)=7.35, p<.05), indicating greater inferential processing costs when irony is used 
in unusual circumstances. 

The present findings are not compatible with modular models (Grice, 1975; Searle, 1979), but 
they are rather in line with interactive models (Gibbs, 1986; Katz et al., 2004; Pexman, 2008). 
Specifically, the early interactive effects reported here fully support the constraint-satisfaction 
model and they suggest that multiple communicative constraints are weighted and can interact 
from the earliest stages of irony analysis (Katz et al., 2004; Pexman, 2008). 
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 Negative context Positive context 

Li
te

ra
l 

I bought a lottery ticket in my town. 
I read more details online. 
The first prize was a 5 € sausage. 
I said to my boyfriend: 
What a sad prize! 
In the end I didn’t win anything. 

I bought a lottery ticket in my town. 
I read more details online. 
The first prize was a 10.000 € trip. 
I said to my boyfriend: 
What a tempting prize! 
In the end I didn’t win anything. 

Iro
ni

c 

I bought a lottery ticket in my town. 
I read more details online. 
The first prize was a 5 € sausage. 
I said to my boyfriend: 
What a tempting prize! 
In the end I didn’t win anything. 

I bought a lottery ticket in my town. 
I read more details online. 
The first prize was a 10.000 € trip. 
I said to my boyfriend: 
What a sad prize! 
In the end I didn’t win anything. 

 
Table 1. Examples of experimental materials (translated in English). Target sentences are in 
italics. Target words are underlined and the underlining style marks the EEG comparisons of 
interest. 

 

Figure 1. Grand-
average waveforms 
for each context. 
Negativity is plotted 
upwards. The blue 
time windows mark 
the time range where 
Irony effects were 
reported. The 
topographic 
distributions of the 
corresponding effects 
are also shown 
(calculated based on 
the difference 
between ironic and 
literal conditions). 



The semantics-pragmatics of typographic emphasis in discourse 
Jefferson Maia & Robin Morris (University of South Carolina) 
jeffcmaia@gmail.com 
 

The standard view of the effects of typographic emphasis in English is that, as poor 
man’s correlates of prosodic stress, type styles (e.g., capitals, italics) enhance memory for 
emphasized information to the detriment of reading speed without affecting higher-order 
linguistic processes [1, 2, 3]. In contrast, a few referential studies offer evidence that typography 
interacts with linguistic variables [4] and, more specifically, that it adds a modulatory or a 
contrastive layer of meaning to the interpretation of referential expressions [5, 6]. Because, 
however, the bulk of these findings stems from memory studies, little is known about the effects 
of typographic emphasis as a focus mechanism in sentence processing. In addition, no study to 
date has investigated whether typographic emphasis can bring a referent into discourse focus 
and consequently affect the real-time processing of anaphoric expressions. This study provides 
on-line evidence for the visual-emphatic, contrastive, and discourse focus effects of typographic 
emphasis during normal silent reading in English by means of two eye-tracking experiments 
manipulating capitals or italics in cohesive pieces of discourse. 

The first eye-tracking experiment was conducted in a 2x2x2 within-subjects design with 
factors Antecedent (Subject, Object), Anaphor Form (Pronoun, Name), and Emphasis (Plain, 
Capitals). Experimental passages featured a referential target (e.g., “RON”) and a competitor 
(e.g., “Iris”) in the first sentence, while the second sentence included an anaphor (e.g., “he”), a 
verb (e.g., “voted”), and a wrap-up region (e.g., “for a Republican”), as in “RON scorned Iris due 
to differences in political view. In the last election, he voted for a Republican” (Subject Pronoun 
Capitals condition). Linear mixed-effects models showed that (i) capitals had an early visual 
impact paired with a late effect of emphasis, as evidenced by longer first-pass and total times on 
the target in the Capitals than in the Plain condition; (ii) capitals did not convey contrastive 
information, since processing on the competitor was not significantly different in the Capitals 
condition relative to the Plain condition in any measure; and (iii) capitals impacted on discourse 
focus, yielding an overall repeated-name penalization in first pass on the verb in the Capitals 
condition (see Fig. 1), in contrast to a classic repeated-name penalty (RNP) effect in the form of 
an interaction of Antecedent and Anaphor Form in the Plain condition (i.e., Subject Name worse 
than Subject Pronoun, but Object Name similar to Object Pronoun) [7, 8]. 

Experiment 2 was identical to Experiment 1 except for the manipulation of a different 
level of Emphasis (Plain, Italics), e.g. “Iris scorned Ron due to…” The mixed-effects results 
revealed that (i) italics had a late, localized effect of emphasis that was reflected in longer total 
times on the target in the Object Italics than in the Object Plain condition; (ii) italics also had an 
early contrastive impact, with longer first fixation durations on the competitor in the Subject 
Italics than in the Subject Plain condition; and (iii) italics modulated discourse focus, since an 
interactional RNP effect was observed in go past and regressions in on the anaphor in the 
Italics but not in the Plain condition (see Fig. 2), and since the magnitude of the RNP in first 
fixation and first pass on the anaphor was considerably smaller in the Italics than in the Plain 
condition. 

Taken separately, the experimental results diverge in that the on-line processing of 
capitals and italics was shown to be characterized by distinct visual-emphatic properties, 
contrastive stress effects, and degrees of modulation of discourse focus over time. Together, 
however, the experiments converge to show that, like prosodic stress, typographic emphasis 
interacts with linguistic structure, contributing interpretable content to it and thereby affecting 
higher-order coreferential processes such as the RNP. In conclusion, we argue that typographic 
emphasis is a visible carrier of content that serves semantic-pragmatic functions in sentence 
and discourse processing. 
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Figure 1. First Pass on the Verb (E1) Figure 2. Go Past on the Anaphor (E2) 
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Distributional regularity of suffixes facilitates acquisition of gender: Eye-tracking 
evidence from two closely related languages 
Tanya Ivanova-Sullivan (University of New Mexico), Irina Sekerina (College of Staten Island, 
CUNY), Glenn Stark (Independent Scholar), Lidiya Tornyova (CUNY) 
tivanova@unm.edu 
 

Russian and Bulgarian both have three genders and agreement between an ADJ and a N 
but differ in how transparent form-to-meaning mapping is in terms of gender suffixes. In Russian, 
inanimate nouns of all genders can be transparent (-a for FEM, consonant for MASC, stressed -
o for NEUT) or opaque (palatalized consonant for FEM and MASC, unstressed -o for NEUT), 
whereas in Bulgarian, only FEM nouns can be transparent (-a) or opaque (consonant).  

Some scholars suggest that fewer form-to-meaning mappings facilitates acquisition of 
gender [1]. If gender in Russian features more form-to-meaning mappings than in Bulgarian, then 
[1] predictс that Russian children should have more problems with opaque nouns than Bulgarian 
children. An alternative hypothesis based on distributional learning [2,3] predicts that opaque 
nouns in Russian will be easier because of the more regular distribution of these nouns in all 
genders in Russian. The density of cues in each gender class results in a more complex gender 
system but provides more evidence in the input and should be easier to acquire.  

In two experiments (production and eye-tracking in comprehension), we tested these two 
hypotheses. Participants were 4-to-6-year-old Russian (N=22) and Bulgarian (N=22) children. In 
both experiments, the same children viewed two images side-by-side of two objects while listening 
to instructions. In the production experiment, the objects contrasted in color (red vs. green 
shovel/pedal). When one of the objects disappeared on the screen, the participants had to name 
the one that remained, e.g. What disappeared? Russian children significantly outperformed 
Bulgarian children in producing correct ADJ-N agreement for the FEM opaque nouns (94.5% vs. 
49.5%). In the Visual World comprehension experiment, the objects were of the same color, 
named by the transparent or opaque noun (lopata-FEM ‘shovel’ vs. pedal’-FEM ‘pedal’), and 
paired with a transparent competitor in either a different gender (DIFF: stul-MASC ‘chair’) or in 
the same gender (SAME: mašina-FEM ‘car’). Children had to point to the correct image, e.g., 
Show where here [is] red-FEM car/pedal-FEM (30 items in total).  

Similar to the production accuracy, eye-movement analysis of the proportion of looks for 
the FEM nouns in the Noun + Silence regions (Table 1) revealed that the Russian children looked 
significantly more to the target (.76) than the Bulgarian children (.68). The Language effect 
interacted with Condition: no difference in looks in the FEM-DIFF condition, but fewer looks in 
Bulgarian in the FEM-SAME condition which indicates that FEM is more distinct in Russian 
regardless of the suffix transparency. Thus, we found support for the Distributional Regularity over 
the Form-to-Mapping hypothesis: presence of a large number of opaque nouns across all gender 
classes facilitates processing of gender by Russian children in contrast to the asymmetrical 
distribution of opacity in the Bulgarian gender system. 

        
Table 1. Russian Statistics Bulgarian Statistics 
Opaque, DIFF .75 

No effects 

.64 
Effect of  

Condition: p=.008 
Opaque, SAME .79 .61 
Transparent, DIFF .75 .76 
Transparent, SAME .75 .72 

 
REFERENCES: [1] Brouwer, Sprenger, & Unsworth (2017). Processing grammatical gender in Dutch: Evidence 
from eye movements. J of Exp Child Psychology, 159 [2] Reeder, Newport, & Aslin (2017). Distributional learning of 
subcategories in an artificial grammar. JML, 97. [3] Hall & Owen Van Horne (2018). Distributional learning aids 
linguistic category formation in school-age children. J Child Lang 45.  
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The Role of Tagalog Voice Information on Sentential Argument Order  
in Production and Gaze Patterns in Comprehension  

 
Ivan Paul Bondoc and Amy J. Schafer (University of Hawaiʻi at Mānoa) 

 
This study examined whether the verbal affixation of voice morphology is utilized to order (in 
production) and anticipate (in comprehension) upcoming elements in a verb-initial and flexible 
word order language, Tagalog. Unlike more familiar active/passive voice systems, Tagalog 
sentences allow multiple transitive patterns for the same set of nominal arguments. Verbs contain 
a voice-marking affix that identifies one of the arguments as syntactically prominent (the pivot, 
further indicated by the nominal marker ang); see examples (1)-(4) [1,2,3]. Sentential word order 
has been claimed to depend on voice morphology [4], suggesting voice could strongly constrain 
predictions for word order in online comprehension. While earlier psycholinguistic work has 
provided important evidence for predictive processing [5,6,7,8,9], questions remain about how 
routinely predictions are made [10]. This study aimed to contribute to this line of investigation by 
testing an understudied type of linguistic information: voice morphology. 
 
Experiment 1: Production. Tagalog permits multiple orders for nominal arguments, but there is 
controversy regarding word order preference and canonicity. We tested the effect of voice on 
word order using a sentence continuation task. 30 native Tagalog adults viewed a visual scene 
containing 4 prototypical arguments (agent, patient, benefactive, and instrument) (Fig1). They 
then completed a sentence fragment containing a verb in one of the 4 possible voice alternations 
(Agent Voice [AV], Patient Voice [PV], etc), using all 4 depicted elements. 36 verbs were crossed 
with 4 voice conditions and 2 scene arrangements in a counterbalanced design. Extending 
previous studies [10,11] to tests of more voices and arguments, we observed a strong and 
significant preference for …Agent-Pivot-… word order in all voices except AV, and two highly 
frequent word orders in AV (Fig2, confirmed via maximal mixed-effects logistic regression models; 
critical t’s >3.07). These results help clarify proposals in the theoretical literature [4,12], especially 
for sentences that include understudied benefactive or instrument arguments, and support a 
cognitive preference for word order patterns that allow high accessibility to elements relevant to 
syntactic computations (here, agent and pivot arguments) [13,14,15]. Importantly, the results 
verified a strong effect of voice morphology on word order when all other factors were controlled, 
and thus voice can be anticipated to be a strong predictor of word order.  
 
Experiment 2: Visual-world comprehension. We next tested whether speakers use voice 
morphology upon hearing the verb (and a following adverb) to anticipate upcoming sentential 
arguments in real-time comprehension. Recent work has suggested that Tagalog speakers use 
only verbal semantics and not morphosyntactic information from voice morphology when 
anticipating arguments [16], but did not control for argument animacy. Given the agent/pivot 
saliency in Tagalog in Exp1, we predicted increased looks to both agents and pivots at the verb 
region, with highest looks to the agent/pivot in AV. 34 native Tagalog adults participated in a 
visual-world experiment. Visual scenes (Fig1) received 1500ms of preview, and remained during 
sentence presentation (1.5-8s). 36 critical verbs, counterbalanced across 4 voices and 2 visual 
scene arrangements were interspersed with 72 fillers. Argument animacy was controlled 
(agents/benefactives were animate; patients/instruments were not). The results of mixed-effects 
linear regression models revealed no significant effect of voice on looks to agent or pivot AOIs in 
the critical verb+adverb region (all t’s <0.93). Instead, a strong animacy effect was observed 
(Fig3). In contrast to the findings in Experiment 1, the results suggested an absence of a voice 
effect on anticipation of upcoming arguments, converging with findings from previous research 
[16]. These findings suggest the possibility that non-syntactic information (event representations) 
dominates the processor’s capacity to use syntactic information to predict upcoming input.  
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Agent Voice (AV) 
(1) Nag-luto kani-kanina lang     ang   nanay ng       spaghetti      para_sa   anak    gamit_ang  kawali. 

AV-cook a while ago   PVT  mother NPVT spaghetti    BEN      child    INS          pan 
‘The mother cooked spaghetti for the child with the pan.’  

Patient Voice (PV)  
(2) L<in>uto  kani-kanina lang  ng          nanay   ang spaghetti  para_sa    anak    gamit_ang  kawali. 

<PV>cook a while ago          NPVT    mother   PVT spaghetti  BEN       child     INS          pan 
‘The mother cooked spaghetti for the child with the pan.’  

Benefactive Voice (BV) 
(3) Ipinag-luto kani-kanina lang    ng nanay       ang     anak       ng spaghetti   gamit_ang  kawali. 

BV-cook  a while ago  NPVT mother   PVT child NPVT spaghetti   INS           pan 
‘The mother cooked spaghetti for the child with the pan.’  

Instrumental Voice (IV) 
(4) Ipinan-luto kani-kanina lang ng        nanay   ang   kawali   ng        spaghetti para_sa    anak. 

IV-cook  a while ago NPVT  mother  PVT  pan        NPVT  spaghetti BEN   child 
‘The mother cooked spaghetti for the child with the pan.’  

GLOSS: AG(agent), AV(agent voice), BEN(benefactive), BV(benefactive voice), INS(instrument), IV(instrument voice), 
NPVT(non-pivot), PAT(patient), PV(patient voice), PVT(pivot) 

 
 
 
 

 

  
FIGURE 2. Counts of argument 
choices for the first argument 
position following the verb (top 
panel) and the second position 
(bottom), by voice. 
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FIGURE 1. Sample visual scene for the verb cook ‘luto’, 
displaying the arguments mother, spaghetti, child, and pan. 

 

 
FIGURE 3. Proportion of looks to AOIs depicting the agent, 
benefactive, instrument, and patient arguments, by voice 
condition. Time is aligned with the onset of the verb. The 
solid box indicates the verb-adverb region. Subsequent 
argument regions are marked by dotted vertical lines; the 
pivot label is fully majuscule. Note that word orders vary by 
voice to reflect the most frequent order found in Exp1.  

 



A large-scale deconvolutional study of predictability and frequency effects in naturalistic reading

Are there separable effects of a word’s frequency vs. predictability in human sentence comprehension?
Recent work in cognitive science implicates prediction as a major organizing principle in human and animal
cognition [1, 23, 13], and psycholinguists have long studied the role of prediction in human sentence pro-
cessing and its relation to other comprehension mechanisms [18, 15, 17, 27, 9, 19, 16, 5]. Some prominent
theories of word recognition claim that ease of lexical access is modulated by the strength of a word’s rep-
resentation in memory, independently of contextual factors that guide prediction [20, 3, 10]. Other theories
hold that apparent effects of frequency are underlyingly effects of predictability [19, 16]. A number of stud-
ies using constructed stimuli that factorially manipulate frequency and predictability have found separable
additive effects of each variable, supporting the position that frequency and predictability index distinguish-
able influences on lexical processing (see [26] for a review). However, such studies usually use cloze
estimates of predictability, which are known to have difficulty differentiating degrees of low contextual prob-
ability [24, 25]. Furthermore, while constructed stimuli afford direct control over linguistic variables, results
may be influenced by task-specific artifacts and should therefore be complemented by naturalistic studies
[4, 11, 22].

This study explores the generalizability of these findings to typical sentence comprehension by search-
ing for separable effects of frequency and predictability during naturalistic reading. Although naturalistic
data address the aforementioned concerns about ecological validity, they have their own potential short-
comings that are addressed here in various ways. First, deconvolutional time series regression (DTSR) is
used to address the possibility of temporally overlapping response profiles that violate the independence
assumptions of linear regression and may therefore confound model interpretation and hypothesis testing
[21]. Second, held-out evaluation is used to incorporate model validity directly into statistical tests, avoiding
approaches (e.g. likelihood ratio testing) that implicitly evaluate on in-sample data [28]. Third, the natural
collinearity between frequency and predictability [4] is addressed through large-scale data, specifically three
large naturalistic reading time corpora: Natural Stories (self-paced reading) [7], Dundee (eye-tracking) [14],
and UCL (eye-tracking) [6]. The corpora contain over one million data points in total generated by 243
human subjects. Failure to distinguish effects of frequency and predictability would therefore raise doubts
about the existence of such a separation in naturalistic sentence comprehension.

Predictability and frequency are operationalized using 5-gram and unigram language models (respec-
tively), each computed using KenLM [12] trained on the Gigaword 3 corpus [8]. Models fit ShiftedGamma
impulse response functions [21] to these variables, as well as to the nuisance variable word length, along
with (eye-tracking only) saccade length and an indicator variable for whether the previous word was fix-
ated. Furthermore, to capture trends in the response at different timescales, models contain linear effects
for the word’s index in the sentence (sentence position) and document (trial). Following [21], in addition
to the intercept, models also fit a convolved intercept (rate) designed to capture effects of stimulus timing.
The response used in all corpora was log fixation duration (go-past for eye-tracking).1 Outlier filtering is
performed in each corpus following the procedures described in [21]. Approximately half the data in each
corpus is used for fitting, with the remaining half reserved for held-out evaluation. Models include by-subject
random intercepts as well as by-subject slopes and impulse response parameters for each predictor.2 Held-
out hypothesis testing use a “diamond” ablative structure (5-gram surprisal vs. unigram logprob) via paired
permutation test of the by-item losses on the evaluation set, pooling across all corpora.3 If predictability and
frequency effects are additive, all four comparisons should be significant.

As shown in Table 1, this is not the case. While results show evidence that both frequency and pre-
dictability in isolation reliably index processing difficulty (both improve significantly over the baseline), they
show no effect of frequency over predictability and thus do not support the existence of separable effects.
They are instead consistent with either (1) an account of apparent frequency effects as epiphenomena of
predictive processing [19, 16] or (2) a more circumscribed role for frequency effects in everyday sentence
processing than constructed experiments would suggest, possibly due to task artifacts induced by such
experiments [4, 11, 2].

1The overall pattern of significance does not change when first-pass durations are used.
2By-word random intercepts are not included because of their potential to subsume frequency effects.
3To account for different error variances across corpora, errors are rescaled by the joint standard deviation of the errors from the

full and ablated models by corpus.
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Comparison p-value
5-gram only vs. baseline 0.0001***

Unigram only vs. baseline 0.0001***
5-gram + Unigram vs. Unigram-only 0.0001***

5-gram + Unigram vs. 5-gram-only 0.1440

Table 1: Pooled hypothesis testing results.

Effect estimate (log-ms)
Corpus SentPos Trial Rate WordLen SacLen PrevFix Unigram 5-gram

Natural Stories 0.0098 -0.0216 -0.3069 — — 0.0158 -0.0018 0.0174
Dundee -0.0085 -0.0052 -0.0277 0.0068 -0.0021 -0.0178 -0.0067 0.0117

UCL 0.0524 -0.1330 0.0023 0.0221 0.0778 0.0005 0.0184

Table 2: Effect estimates in log-ms by corpus, computed as the integral of the impulse response over the
longest time offset seen in training [21]. Following psycholinguistic convention, unigrams were encoded as
log-probabilities while 5-grams were encoded as negative log probabilities (surprisal), resulting in opposite
signs. Only one estimate for sentence position/trial is reported for UCL because sentences were shuffled,
rendering sentence position and trial identical.
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Prosodic effects on attachment in Brazilian Portuguese 
Aline Fonseca (Federal University of Juiz de Fora), Katy Carlson (Morehead State University) & 

Andressa Silva (Federal University of Juiz de Fora) aline.fonseca@letras.ufjf.br 
 

This research explores how prosody can influence the attachment of final adverbial            
phrases in ambiguous Brazilian Portuguese (BP) sentences like (1). 

(1) Marcela ouviu que João tinha ligado # na segunda-feira  
Mary    heard that John had   called    on Monday.  

In similar English sentences, Clifton et al. (2002) found that a prosodic boundary before              
the adverbial increased high attachments to the first verb (e.g., heard ), while Carlson & Tyler               
(2018) showed that contrastive L+H* accents on the first or second verb (called ) drew              
attachment to the accented verb. Here, we investigated the effects of both prosodic cues on               
corresponding sentences in BP, and found evidence of the prosodic boundary effect on             
interpretation but not the accent effect.  

In a written norming questionnaire (N=33), native speakers of Brazilian Portuguese rated            
sentence acceptability on a 1-5 scale, and also chose between two paraphrases to answer              
questions like "O que aconteceu na segunda-feira?" (What happened on Monday?), for 20             
sentences like (1) without any boundary mark. We found high acceptability of the sentences              
(average 4.36/5), and a strong low attachment bias, with just 10.6% of answers choosing high               
attachment of the adverbial phrases.  

Experiment 2 (N=28) was an auditory questionnaire with the same 20 sentences in 4              
conditions: we crossed pitch accent on the first verb (OUVIU) vs. on the second verb (LIGADO),                
with an IPh boundary before the adverbial vs. none. See Figures 1-2 for pitch tracks of the two                  
conditions with IPh boundaries and accents. While similar English studies used L+H* accents on              
verbs, BP has H+L* pitch accents instead (the low F0 target aligns with the stressed syllable).                
BP also has mandatory phrase-final H+L* accents and a L% boundary tone, though the              
V2-accented conditions had significantly higher and longer verbs than conditions without. The            
presence of a prosodic boundary led to more high attachments (significant effect of boundary on               
attachment choices in a mixed-effects binomial logistic regression exp(B)=1.919, 95% CI [1.308,            
2.815], p=0.001), replicating English results, but accent position did not affect attachment            
(Figure 3).  

The prosodic boundary effect suggests that Brazilian Portuguese uses boundaries in the            
same way as English does: the boundary before the final adverbial discourages attachment to              
the nearest verb and encourages high attachment instead. This is consistent with Fonseca             
(2012)’s finding that temporarily ambiguous early/late closure sentences in BP show slower RTs             
when the prosodic boundary position conflicted with the clause end, compared to when it              
matched. The lack of an effect of pitch accent is less easy to explain. If the mandatory accenting                  
of the second verb in conditions where it was final in an IPh had affected results, we would have                   
expected an accent position effect only in the two conditions without a boundary; here,              
conditions with and without a boundary showed no effect of accent. Another possibility is that               
the accents in BP are not clearly contrastive (suggested by Truckenbrodt et al. 2009, Frota &                
Moraes 2016), unlike those for European Portuguese, and that this weakens their effect;             
accents used in English accent attachment studies have usually been contrastive (Carlson &             
Tyler 2018). Further research will explore the perceptibility and interpretation of the pitch             
accents used as well as effects of focus particles to see if accents (and focus) truly do not draw                   
attachment in Brazilian Portuguese. 
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Figure 1: Sentence example of condition V1IPh 

 
Figure 2: Sentence example of condition V2IPh 

 

Figure 3: Results of Experiment 2 
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The dynamic generalized linear mixed effect model: Modeling intensive binary time-
series data from the visual-world eye-tracking paradigm with GLMM with crossed random 
effects 
Sarah Brown-Schmidt and Sun-Joo Cho (Vanderbilt University) 
sarahbrownschmidt@gmail.com 

The visual world paradigm is a popular technique for examining language processing 
(Tanenhaus et al., 1995) that uses a continuous measure of where a participant is looking as 
they produce or interpret spoken language. With high sampling rates, this method generates 
intensive categorical time series data.  

Current data analytic practice is varied, and the types of dependent measures used in the 
literature have varied considerably over the last 20+ years. Repeated measures approaches 
have been used to examine changes in fixations over time using growth curve models (Mirman, 
et al., 2008), and other non-linear functions (e.g., McMurray et al., 2010). In contrast, 
aggregated measures calculate one, or a small number, of measures per person, per condition 
(or per item and condition), and sometimes include time as a linear covariate across a few time-
bins (e.g., Barr, 2008). A disadvantage of these approaches is that they often require 
aggregation across persons, items, and/or trials, and therefore do not allow simultaneous 
modeling of all sources of dependencies in the data. Proportion or empirical-logit measures, 
when calculated for each individual person and trial, typically result in data distributions that are 
zero-inflated, or bimodal, in the case of difference score calculations (e.g. p(target)-
p(competitor)). Using the linear mixed effect model results in biased estimates when it is applied 
to zero-inflated or bimodal data. Further, repeated measures approaches that do not take into 
account the temporal autocorrelation in the data (i.e., the fact that adjacent time-points exhibit 
dependency) may result in underestimated standard errors and biased parameter estimates.  

The aim of this research is to present a novel model specification that takes into account 
change processes (autocorrelation [AR] and trend) in binary time series eye-tracking data, and 
variability across trials, persons, and items. By ‘dynamic’ we mean that the model considers 
change processes in the generalized linear mixed effect model (GLMM). The “dynamic GLMM” 
is a GLMM with crossed random effects (random person and random item effects). This is an 
extension of the model specification presented in Cho et al. (2018) in the sense that a trend 
effect (the change in the mean level per unit time) is considered. This model offers a way to 
model intensive time-series eye-tracking data in binary form (e.g., fixations to target vs. 
everything else) in order to test for fixed experimental condition effects and trend (time) effects, 
while controlling for dependencies in the data including the AR. We apply the model to an 
empirical study of language processing using the visual world paradigm (Ryskin et al., 2015). 

We first describe the model-building steps that the researcher would take when applying the 
dynamic GLMM to eye-tracking data. We then show how the AR and trend can be characterized 
descriptively and present how they can be modelled by accounting for the AR and trend effects 
and variability in the AR effects across persons and items. Next, we describe how to select a 
model to detect experimental condition effects among candidate models having different 
random effect structures. We then describe how the model-data fit can be evaluated. Finally, a 
simulation study was implemented to show the parameter recovery of the specified model using 
the glmer function in R (Bates et al., 2018). Results of the simulation study showed that 
parameters were recovered well in the same conditions as the empirical study. The simulation 
study demonstrated the necessity of modeling the AR for accurate estimates of the fixed effect 
parameter estimates and their standard errors. We find that ignoring AR effects can lead to 
biased estimates and underestimated standard errors for the experimental condition effects. 

This new GLMM specification is applicable to the analysis of intensive binary time series eye 
tracking data when researchers are interested in detecting experimental condition effects while 
controlling for previous responses (i.e. where the eye fixated at the previous time-point), and are 
interested in modeling nested and crossed random effects for, e.g., trials, persons, and items.  
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24-month-olds (and adults) exploit negative sentences to constrain their interpretation of 
novel word meanings 

Alex de Carvalho (University of Pennsylvania), Cécile Crimon (École normale supérieure),  
Anne Christophe (École normale supérieure) & John Trueswell (University of Pennsylvania) 

x.de.carvalho@gmail.com 

 Although infants produce the word no from about 13 months [1], research investigating 
the comprehension of negation has found that 20-month-olds incorrectly interpret negative 
sentences as affirmatives [3, but see 6] and that even 2-to-4-year-olds have difficulty 
understanding negative sentences [2-5]. This inability to understand negative sentences before 
age 2 could dramatically affect language acquisition. For instance, if toddlers assign the same 
interpretation to sentences such as “This is a dax” and “This is not a dax”, they might make 
incorrect associations between words and their referents. To investigate this issue, the current 
study examined how 2-year-olds exploit affirmative and negative sentences to constrain their 
learning of novel word meanings in French.  

 In a preferential looking paradigm (Fig-1), French 24-month-olds (n=48) were first 
exposed to a teaching phase in which they saw two videos showing a woman talking about a 
new object/cartoon (a bamoule). In the first video (common to all participants), the woman 
“accidentally” sat in front of the television so participants couldn’t see the cartoon while listening 
to the sentences: “Look! It’s a bamoule!” (Fig-1A). For the second video, participants were 
assigned to either the affirmative or negative condition and were able to see what was on the 
television (e.g., a blue monster, Fig-1B). In the presence of this new object/cartoon on the 
television, participants in the affirmative condition listened to sentences like “It’s a bamoule!” 
and in the negative condition, to sentences like “It’s not a bamoule!”. After the teaching phase, 
all participants were exposed to the same test in which they were asked to find the bamoule 
while viewing two images side-by-side on the screen: the familiar object seen during the second 
video of the teaching phase (e.g., the blue monster) versus a novel object never seen before 
(e.g., a red monster). Adults (n=16) participated in the same experiment to provide a baseline. 
The results show that participants in the affirmative condition looked more to the familiar object 
during the test than participants in the negative condition (toddlers: p=.02, adults: p<.001). This 
suggests that both adults and children in the negative condition were able to understand that the 
familiar object was “not a bamoule”. However, while adults in the negative condition inferred that 
the novel object was the “bamoule” that they couldn’t see in the first video, toddlers did not show 
any preference for the novel object during the test. 

 This is the first study to investigate the impact of negative sentences in the acquisition of 
word meanings. We demonstrate that 24-month-olds do not process negative sentences as 
affirmatives. Rather, toddlers in this age range successfully understood negation (i.e., they 
correctly inferred that the familiar object was not a bamoule), although they did not make the 
additional inference of mutual exclusivity, namely, that the other monster must have been the 
bamoule, as adults did. This ability to understand negative sentences so early might support 
language acquisition, providing infants with a tool to constrain the space of possible referents for 
word meanings.  
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Figure 1-A-B-C-D: Experimental Design.  
The entire experiment was conducted in French but 
for lack of space here we only provide the English 
translation of each sentence. The presentation of 
which monster was designated as the ‘bamoule’, the 
red or the blue one was counterbalanced within 
conditions. 
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(A)   24-month-olds 
(n=48, 24/condition; Mage = 23.8m.o, range = 23.1 to 24.4m.o 
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Results 

Did you see the cartoon? It was fun!!  
Do you want to watch more?  

Ok! So, let’s watch more! Here we go! 
Oh! look! It is a bamoule!  

Do you see this? It is a bamoule.  
Yes, yes, yes! It is really a bamoule.  

Do you see the bamoule?   
It is great! Did you see the bamoule?   

Did you see the cartoon? It was fun!!  
Do you want to watch more?  

Ok! So, let’s watch more! Here we go! 
Oh! look! It is not a bamoule!  

Do you see this? It is not a bamoule.  
No, no, no! It is really not a bamoule.  
Do you see her? It is not a bamoule.   
It is great! But this is not a bamoule.   

Hello!! Did you see what I have here? This television is amazing! And guess what? We are going to 
watch a cartoon!  Do you want to watch it?  Pay attention! It will start!  

What are we going to watch? 
Oh look! It is a bamoule!  
Do you see the bamoule?  

Yes! It is a bamoule!  
Do you see the bamoule? 

That is great! I love that bamoule! 

Do you see the bamoule? 
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Figure 2-A-B: Results - Proportion of looks toward the familiar object, time-locked to the onset of the test trial (vertical 
black line) for (A) 24-month-olds and (B) adults, in the affirmative condition (blue curve) and in the negative condition (red 
curve). Error bars represent the standard error of the mean. A nonparametric cluster-based permutation test revealed 
significant differences between conditions (yellow time-window) for both groups. 



Implicit causality: A comparison between English and Vietnamese verbs 
Binh Ngo & Elsi Kaiser (University of Southern California)  
binhnngo@usc.edu 
Implicit causality (IC, Garvey/Caramazza'74) is an effect of verbs influencing the bias of pronoun 
interpretation.  In ‘because’ sequences such as (1), she is interpreted as the subject in (1a) and 
the object in (1b), which marks the cause of the event depicting by the verbs. 

Implicit causality plays a key role in reference resolution (e.g. Caramazza et al.’77; 
Kehler/Rohde’13; Hartshorne/Snedeker'13). Consequently, an understanding of the extent and 
generalizability of IC effects is necessary for models of reference resolution. IC effects are also 
used in interdisciplinary research on cognitive and socio-cultural topics (Rudolph/ Fӧrsterling'97). 
Crucially, all of these studies require access to pre-existing information about the subject vs. 
object IC biases of individual verbs. However, (i) the number of large-scale studies on verb implicit 
causality is limited, and (ii) most existing publicly available datasets are for English (Ferstl et al.'11; 
Hartshorne/Snedeker'13) or other widely-spoken European languages (e.g. Dutch: 
Sernin/Marsman’94; German: Rudolph’97; Spanish: Goikoetxea et al.'08). The lack of large public 
datasets of IC patterns for typologically diverse languages (i) poses severe challenges for 
experiments on languages without accessible IC norms, and (ii) it limits our ability to understand 
the crosslinguistic generalizability IC effects (but see Hartshorne et al.’13). To address this, we 
conducted a large-scale study of 149 verbs in Vietnamese (an Austroasiatic language).  
 Data collection: Following the methodology of Hartshorne/Snedeker'13 on English, we 
used frames like ex.(2) with nonce words to avoid additional semantic biases. Ninety-eight 
Vietnamese native speakers (in Vietnam) read sentences and answered questions (2a-b). Each 
person saw multiple items but only saw each verb once. Since Vietnamese pronouns are derived 
from kinterms (e.g. anh lit. 'older brother'/he; cô lit. 'father's sister'/she), we tested both young and 
old pronominal forms. Each sentence consists of two male or two female names, so both subject 
and object are possible antecedents for the pronoun. 

In addition to database creation, we test the crosslinguistic generalizability of IC effects, 
in particular their relation to verb class. Prior work suggests that IC bias can be predicted by verb 
class (e.g. Ferstl et al.'11; Goikoetxea et al.'08; cf. Hartshorne/Snedeker'13). We test whether IC 
verbs in Vietnamese and English (Ferstl et al.'11) behave similarly relative to verb class (Agent-
Patient, Agent-Evocator, Stimulus-Experiencer, Experiencer-Stimulus). (Vietnamese kinterm 
pronouns carry information about age and gender, but we do not expect pronoun type effects, 
because we purposefully used gender-matched names that do not reflect age or social standing.) 

Results: Table 2 shows percentages of subject responses for Vietnamese and English, 
by verb class. Collapsing across verb classes, we find a correlation between the strength of the 
subject bias of individual Vietnamese and English IC verbs (p<0.001), though the overall subject 
bias is stronger in English. By verb class: The subject biases of Agent-Patient, Agent-Evocator 
and Exp-Stim verbs in English and Vietnamese are correlated (Pearson correlation: p’s<0.05, 
Fig.1). However, there is no correlation with Stim-Exp verbs (Eng 65% subj; Vnm 55.6% obj). 
(Vietnamese Exp-Stim verbs have a stronger object bias than Stim-Exp, p<0.01; these classes 
are still distinct). Thus, although both languages are sensitive to the presence of the Stimulus, the 
IC bias differs crosslinguistically for the Stim-Exp class, to the point of flipping from a subject 
preference (Eng) to an object preference (Vnm). These findings diverge from Hartshorne et al.'13 
who found a crosslinguistically-consistent subject preference in this verb class. Our results 
suggest that semantic verb class does relate to a verb’s IC bias, but we also identify previously 
overlooked crosslinguistic variation in the behavior of the Stim-Exp verbs in particular. (As 
expected, age and gender of kinterm pronouns have no effect on subject bias, p’s>0.2).  

Our work highlights the importance of language-specific IC norms—rather than assuming 
crosslinguistic generalizability—and provides a database for future experiments. Given our 
findings that Stimulus-Experiencer verbs vary across languages, these results also open the door 
for future work on potential socio-cultural effects on implicit causality.  
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 Examples  
(1) (a) Lisa frightened Kate because sheLisa….                        [to frighten: subject bias] 

(b) Lisa blamed Kate because sheKate…                             [to blame: object bias] 
(2) (a) Trúc la Hằng vì cô ấy đăn tuê  

     Trúc scolded Hằng because she is đăn tuê.            [đăn tuê is a nonce word] 
(b) QUESTION: Who is đăn tuê? ________             [write down a name] 

Table 1. Example sentences. 
 

  % subject responses 
verb class Vietnamese English 

Agent_Patient (e.g. debate, fight) 43.88 52.41 
Agent_Evocator (e.g. compliment, criticize) 35.88 34.78 
Stimulus_Experiencer (e.g. console, insult) 44.38 65.13 
Experiencer_Stimulus (e.g. trust, cherish) 31.77 18.49 

Overall average 38.97 42.7 
Table 2. Mean % of subject responses for English and Vietnamese verbs in the four classes. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Scatterplots showing the relation between the strength of the subject bias of 
Vietnamese (vn, x-axis) verbs and English (eng, y-axis) verbs in each verb class. (Each dot 
represents one verb. Vietnamese verbs are matched with the closest English translation 
equivalents from in Ferstl et al.’11). 
 

References: Garvey/Caramazza. (1974). Implicit causality in verbs. || Caramazza et al. (1977). 
Comprehension of anaphoric pronouns. || Ferstl et al. (2011). Implicit causality bias in English: A 
corpus of 300 verbs. || Goikoetxea et al. (2008). Normative study of the implicit causality of 100 
interpersonal verbs in Spanish. || Hartshorne et al. (2013). Are implicit causality pronoun 
resolution biases consistent across languages and cultures? || Hartshorne/Snedeker. (2013). 
Verb argument structure predicts implicit causality: The advantages of finer-grained semantics. || 
Kehler/Rohde (2013). A probabilistic reconciliation of coherence-driven and centering-driven 
theories of pronoun interpretation. || Rudolph. (1997). Implicit Verb Causality: Verbal Schemas 
and Covariation Information.  || Rudolph/Försterling. (1997). The psychological causality implicit 
in verbs: a review. || Semin/Marsman. (1994). Multiple inference-inviting properties of 
interpersonal verbs: Event instigation, dispositional inference, & implicit causality. || 



Syntactic adaptation following short-term experience: Neural correlates and relationship 
to cognitive control 
Kelly Sharer & Malathi Thothathiri (George Washington University) 
malathi@gwu.edu 

How do individuals adapt to linguistic variability? Previous studies have shown improved 
syntactic processing of infrequent structures following short-term exposure (Fine et al., 2013; 
Wells et al., 2009). However, the relevant mechanisms and neural substrates are unknown. We 
hypothesized that if adaptation is driven by detection of a mismatch between the predicted and 
actual structure, then cognitive control mechanisms for conflict resolution may be involved. If so, 
(1) adaptation could be sub-served by frontal regions linked to both comprehension and 
cognitive control—the anterior cingulate cortex (ACC) and the left pars opercularis (ParsOp), 
and (2) the extent of this adaptation might correlate with individual differences in cognitive 
control (as indexed by Stroop). This study investigated exposure-based adaptation in garden-
path sentence comprehension. Participants (N=28) underwent three runs of functional 
neuroimaging (fMRI). Neural activation and reading time (RT) for each sentence was recorded. 
In Run1, participants read equal numbers of unambiguous and ambiguous main verb (MV) and 
relative clause (RC) sentences (N=120). This served as a pre-training measure of performance. 
We expected that the parser would predict MV structures, while RC structures would induce 
garden-pathing. In Run2, participants read 120 RC sentences (half ambiguous) to provide 
exposure that could lead to adaptation. In Run3, participants again read equal numbers of 
unambiguous and ambiguous MV and RC sentences (N=120). This phase was used to 
determine if adaptation was specific to verbs to which participants had been exposed in Run2 or 
also generalized to unexposed verbs. 

Behaviorally, an ambiguity effect was seen in length-adjusted RT for RC [mixed-model 
β=264.95, p<.001] but not MV [β=-26.12, p=0.68] sentences in Run1, confirming garden-
pathing. RC ambiguity effects were observed in the first [β=171.31, p<.001] and second 
[β=107.28, p<.01] halves of Run2. In Run3, a significant effect was found for RC sentences with 
untrained verbs [β=175.77, p<.001] and a marginal effect was found for those with trained verbs 
[β=104.96, p=.06]. No effect was seen for MV sentences [β=22.63, p=0.72; β=-9.34, p=0.87]. 
Neurally, within individual-level functional regions of interest (ROIs; overlap between All 
Sentences>Baseline (false-font) and Harvard-Oxford anatomical regions), a structure-and-
conflict-specific increase in activation due to ambiguity was seen for RC [t(27)=2.45, p<.05], but 
not MV structures in Run1 in ParsOp. No such effects were found in ACC, demonstrating that 
the pattern was specific to ParsOp and did not apply broadly across the brain. In Run2, there 
was ambiguity-related activation in Pars Op in the first [t(27)=4.09, p<.001] but not second half 
[t(27)=1.24, p>.2], suggesting sensitivity to syntactic adaptation. In Run3, there was no 
ambiguity effect for exposed verbs, as expected under adaptation [p>.1] but there was a 
marginal effect for unexposed verbs [F(1,27)=3.63, p=.07]. ParsOp activation in the second half 
of Run2, the point at which we detected adaptation, correlated with Stroop [Pearson Skipped 
r=0.54 CI=(0.27 0.76)] but not pre-training ambiguity effects in RT (which could index 
differences in prior linguistic experience and other variables).  

Overall, these results reveal greater sensitivity to adaptation in neural activation than 
whole sentence RT measures. This is likely due to RT measures capturing other processes not 
subject to adaptation. Both neural and behavioral effects suggest some verb-specificity in 
learning, with more persistent ambiguity effects for unexposed than exposed verbs. Secondary 
analyses (not described) additionally showed quicker adaptation for verbs with higher prior MV 
bias, consistent with verb-specific prediction-and-error-based learning. Finally, correlation 
between ParsOp adaptation and Stroop (but not pretraining RT) suggests that adaptation was 
related specifically to individual differences in cognitive control. Thus, while not all sub-
components of comprehension may adapt to short term experience, those related to cognitive 
control appear to do so using the pars opercularis.  
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Resting State Power Predicts Cognitive Control and Language Abilities 
Suzanne Jongman (Max Planck Institute for Psycholinguistics) 
suzanne.jongman@mpi.nl 
 
In language tasks, individuals not only use language-specific processes but also domain-general 
skills [1,2]. Both cognitive and linguistic task performance have been related to brain functioning, 
in particular to power (i.e. the number of neurons discharging synchronously) in certain frequency 
bands as measured by EEG. High average theta (4 to 8 Hz) is associated with poor performance 
on memory tasks, and high alpha (8 to 12 Hz) with good performance on attention tasks [3]. 
Similarly, beta frequency (12 to 30 Hz) modulations have been linked to aspects of linguistic 
processing [4]. Even power measured at rest has been shown to predict later task performance: 
alpha power is related to general intelligence [5], beta power predicts the level reached in a 
second language training program [6], and theta power is related to sentence comprehension 
abilities [7]. This suggests that stable network properties at rest can determine performance 
outcomes. The present study assessed pivotal linguistic and language learning skills and 
investigated whether the relationship between domain-general skills and linguistic skills found 
behaviorally was driven by shared brain network functioning at rest.  

Dutch young adults (N = 52, data collection ongoing) performed a battery of tasks aimed 
to test language abilities and general cognitive abilities. See Table 1 for all tasks and the resulting 
individual differences measures. In addition, five minutes of eyes-closed resting state EEG (64ch) 
was recorded and power analyses were performed. Using Fast Fourier Transform, the power 
spectrum was calculated for 2-sec epochs, which was log-transformed, and then averaged across 
all epochs. For each participant and channel, power was calculated for the frequency range 4 to 
30 Hz. Correlations between each of the individual differences measures and the power values 
were tested using cluster-based permutations [8], identifying significant clusters in both spatial 
and spectral dimensions. 

Five significant clusters were found (Table 2). Differences in verbal fluency and scores on 
the Peabody Vocabulary test were related to variation in the beta frequency range: lower resting 
state beta power was related to an increase in both the retrieval (fluency) and storage (vocabulary) 
of lexical items. The two effects were spatially distinct (Figure 1). None of the other linguistic tasks 
correlated with oscillatory activity at rest. For three cognitive skills – working memory, executive 
control, and processing speed – better performance was related to higher power, albeit in different 
frequency ranges. Amongst these five behavioral tasks, only executive control and vocabulary 
size correlated significantly (r = -.35, p = .01). These results show that stable brain functioning is 
not only related to cognitive skills, but also to linguistic skills. The different relationships between 
power and skill were present not only in different frequency ranges and distinct spatial locations 
but in opposite directions for language and cognition, suggesting these are supported by different 
oscillatory networks.  
 
[1] Huettig & Janse, 2016, Lang Cogn Neurosci, 31:1; [2] Shao et al, 2012, Q J Exp Psychol, 
65:10; [3] Klimesch, 1999, Brain Res Rev, 29:2; [4] Weiss & Mueller, 2012, Front Psychol, 3:201;  
[5] Doppelmayr et al., 2002, Intelligence, 30:3; [6] Prat et al., 2016. Brain Lang, 157, [7] Beese et 
al., 2017, Sci Rep, 7:1; [8] Maris & Oostenveld, 2007, J Neurosci Methods, 164:1. 
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Table 1. The behavioral task battery 
 
Skill Task Measure 
Word comprehension Lexical Decision Average RT 
Word production Picture Naming Average RT 
Lexical access Verbal Fluency Number of items retrieved 
Vocabulary size Peabody  Percentile score 
Word learning Novel word learning RTs for correct items 
Grammar learning Artificial grammar learning Accuracy  
Intelligence Raven’s 20 min Total number of correct items 
Working memory Digit span Score forward + backward 
Alerting Attention Network Test Double cue RT – no cue RT 
Orienting Attention Network Test Spatial cue RT – center cue RT 
Executive control Attention Network Test Congruent RT – incongruent RT 
Processing Speed Simple-RT, Choice-RT,  

Letter comparison 
Factor score from average RTs 
for each task 

 
Table 2. Correlations between linguistic/cognitive skills and EEG power 
 
Skill Correlation Frequency P-value 
Word comprehension n.s.   
Word production n.s.   
Lexical access negative 11 to 30 Hz 0.022 
Vocabulary size negative 13 to 30 Hz 0.002 
Word learning n.s.   
Grammar learning n.s.   
Intelligence n.s.   
Working memory positive 10 to 14 Hz 0.044 
Alerting n.s.   
Orienting n.s.   
Executive control positive 4 to 30 Hz 0.015 
Processing Speed negative 15 to 24 Hz 0.049 

 
 
Figure 1. Topography of effects 
 

Lexical access Vocabulary size Working memory Executive control Processing speed 
21 Hz 22 Hz 12 Hz 17 Hz 20 Hz 

            



Factive and manner-of-speaking islands are an artifact of nonlinearity in the acceptability 
judgment task 
Yingtong Liu (Harvard), Rachel Ryskin (MIT), Richard Futrell (UC Irvine), Edward Gibson (MIT) 

y_liu@g.harvard.edu 
The unacceptability of wh-extraction (e.g., question formation) out of certain syntactic 

structures, known as ‘island’ effects, has been a central topic in theoretical syntax for many 
years (Ross, 1967; Chomsky, 1973). A prominent example of islands is that extraction out of a 
sentential complement introduced by factive and manner-of-speaking verbs is less acceptable 
than extraction from a clause introduced by “bridge” verbs (1). Here we present 3 acceptability 
rating studies suggesting that there is no true island effect for such structures: instead there are 
separate, additive penalties based on two factors: (a) verb-frame frequency (cf. Dabrowska, 
2004; Kothari, 2008), and (b) the presence of extraction. These penalties give rise to apparent 
island effects as a result of the nonlinear relationship between true acceptability and 
acceptability ratings as measured in Likert scales and forced-choice tasks. Our account 
provides a better fit to the data than syntactic (Snyder, 1982) and discourse-based (Ambridge & 
Goldberg, 2008) accounts of factive/manner-of-speaking verb islands. Furthermore, we show 
that a major outlier to our account, the verb ‘know’, is explained by pragmatic factors: when we 
use a different extraction construction (clefts, rather than questions) which eliminates these 
factors, ‘know’ is no longer an outlier. 

 In Exp 1 we replicate Ambridge & Goldberg (2008), who argued that extraction from a 
sentential complement is unacceptable in proportion to its ‘backgroundedness’, indicated by 
scores on a negation test (2). Consistent with their account, they report a strong negative 
correlation of negation test scores and differences in acceptability ratings for declarative vs. wh-
question (for 12 verbs in 3 verb classes). Using an expanded set of 24 verbs, we failed to 
replicate their results in a 5-point Likert-scale acceptability-rating and negation-test experiment 
(r=-0.39, p=0.2; see Fig.1). Further, we found overlap between acceptabilities for factive and 
bridge verbs, contradicting the syntactic account, which predicts non-overlapping acceptability 
between factive and bridge wh-questions given their distinct deep structures. Critically, we found 
a strong correlation between acceptability ratings for wh-question forms and verb frame 
(verb+that) frequency as measured in the Google books corpus (r=.80; p<.001). Furthermore, in 
post-hoc data analysis, we noticed that most ratings were between 4/5 and 5/5 for both the wh-
questions and declaratives of verbs, suggesting that participants were using the Likert scale in a 
nonlinear fashion. 

 In Exp 2 we controlled for this possibility by performing a forced-choice binary 
acceptability judgment task, with 48 verbs (n=120) beyond the 3 categories. We analyzed the 
results in a mixed-effects logistic regression where verb frame frequency, presence of extraction, 
and their interaction are assumed to make linear contributions to the log-odds of acceptance; 
these log odds are converted to acceptance probabilities by the nonlinear logistic transform. We 
found main effects for verb frame frequency (β=0.58, p<0.001) and extraction (β=-3.27, 
p<0.004), but no significant interaction of the two (p>0.4; numerically in the wrong direction on 
an ‘island’ account). The data are best modeled by positing that verb frame frequency and 
extraction have independent, additive effects in log-odds space (Fig. 2a), which give rise to a 
spurious interaction when log-odds are transformed into probabilities of acceptance (Fig. 2b).  

 In Exp 3 we tested our frequency account on another type of extraction-cleft structures 
(24 verbs, n=120)-and dealt with a major outlier to this account: the verb ‘know’. We 
hypothesized that the idiosyncratic behavior of ‘know’ was due to pragmatic factors in the wh-
question: a question is a request for knowledge but a question with ‘know’ implies that the 
speaker already has the knowledge. ‘Know’ should not behave idiosyncratically in other 
extraction constructions, such as clefts.  As in Exp 2, we found main effects of verb frame 
frequency (β=1.2, p<0.01) and extraction (β=-14.6, p<0.012), but no interaction between them 
(p>0.3). Crucially, ‘know’ is not an outlier to the frequency account (Fig. 3).  
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(1) (a) What did John say/think that Mary bought?                    [wh-question formed by bridge verbs] 
(b) ??What did John know/notice that Mary bought?                                                [factive island] 

  (c) ??What did John whisper/mutter that Mary bought?                   [manner-of-speaking island] 
(2) Sample negation task: Please rate how true the second sentence is given the first sentence.  

Sentence 1: John didn’t notice that Mary bought a car.              Sentence 2: Mary didn’t buy a car.  

  

Fig.1. Correlation between mean negation scores and 
difference scores by verb on 5-point scales (24 verbs) 

Fig.2a. Log-odds of ‘acceptable’ response for wh-q and 
declaratives against log-transformed frequencies (48 verbs) 

  

Fig.2b. Probability of ‘acceptable’ response for wh-q and 
declaratives against log-transformed frequencies (48 verbs) 

Fig.3. Log-odds of ‘acceptable’ response for clefts (e.g., ‘It was the 
pie that Angela knew that Kevin liked.’) and declaratives against 
log-transformed frequencies (24 verbs) 

 



Referential efficiency across adulthood: communicative strategies and cognitive control 
Madeleine Long, Hannah Rohde (U. Edinburgh) Michelle Oraa Ali, Paula Rubio-Fernandez (MIT) 
mlong@ed.ac.uk 
 Traditional theories in pragmatics characterize an efficient speaker as one who avoids 
redundancy (i.e. make your contribution as informative as is required but not more) [1,2]. 
Recent work, however, calls into question this view, characterizing an efficient speaker as one 
whose referential choices facilitate a listener’s identification of referents [3]. A prediction 
follows from this recent account: specific contexts will lend themselves to redundancy, but an 
efficient speaker should only be redundant when it is helpful to the listener. Efficiency would 
therefore require the ability to track contextual information and change strategy when 
necessary, likely relying on attention and working memory (WM). To test this hypothesis, we 
recruited adults of all ages (where there’s considerable variability in referential choice, 
cognitive control, and WM [4-6]) to investigate individual differences in referential efficiency.  

Exp 1 assessed referential efficiency by manipulating the visual context (monochrome 
vs. polychrome conditions, Fig 1). Participants (N=100, ages 19-82) named targets in 4-object 
displays so an in-person listener could identify the referent [3]. Previous work shows that color 
adjectives speed object identification in polychrome displays but delay object identification in 
monochrome displays [7]. Thus, when presented with both types of displays, a highly efficient 
speaker should only add color modification on polychrome displays. In this way, being efficient 
involves responding to changes in the visual environment by actively shifting communicative 
strategies in a manner that benefits the listener. We therefore hypothesized that efficiency 
would be predicted by attention switching skills (i.e. the ability to rapidly shift between 
modification strategies during utterance planning), measured via the Test of Everyday 
Attention [8]. We also manipulated communicative pressure: participants were administered 
one of two trial-block orders: polychrome followed by monochrome or vice-versa. In the Poly-
Mono order, there’s greater pressure to switch strategies as color becomes inefficient in block 
2. In the Mono-Poly order, modification in block 2 is helpful, but an unmodified noun would 
also suffice, yielding less pressure to switch. We thus expected modification to vary with the 
visual context, order and switching capacity. Our LMER model of color modification (Condition, 
Order, Switching, Age as FE, maximal RE structure) showed the predicted Condition x Order 
x Switching interaction (p<.05): in Poly-Mono, better switching appropriately led to less 
modification in block 2 (Fig 2). Notably, age did not influence this: good switchers of all ages 
flexibly adapted to communicative pressures. Other significant results follow from this view of 
efficiency (Poly-Mono yields more color over-specification and is more sensitive to switching) 
and from age (older adults over-modify more [4] but less so with better switching skills). 
 Exp 2 assessed whether referential choices in narrative (where there is less pressure 
for efficiency but greater necessity to track and recall discourse referents) reflected individual 
differences in WM (measured via an automated reading span test [9,10]). We manipulated 
communicative pressure for appropriate referential forms by varying the number of characters 
in the scenes [11]. The same participants from Exp 1 saw two-panel vignettes in random order 
(Fig 3). For each pair of panels, the participant heard a sentence about panel 1 and repeated 
it, then saw panel 2 (with the subject referent from panel 1 depicted as the main character) 
and constructed a story continuation. We assessed referential choice in each condition: 1 
character or 2 different sex/gender characters. In the 1-character condition, a pronoun is more 
appropriate as there is no ambiguity and a repeated name risks inefficiency. In the 2-character 
condition, either form is unambiguous, but a pronoun is more efficient. We built an LMER 
model of pronoun use (Condition, WM, Age as FE and maximal RE structure). We replicated 
effects of condition [11]: more pronouns for 1-character scenes (p<.001), and age [12]: more 
pronouns from older adults (p<.01). Importantly, pronoun use varied with WM, mediated by 
age: more pronoun use for greater WM (p<.01), driven by young adults (p<.05) (Fig 4).  
 These results reveal that age-related differences in referential efficiency depend on 
both contextual demands and cognitive abilities, highlighting the role of individual differences 
in reference development across the lifespan. Moreover, those with better cognitive skills were 
redundant in efficient ways, supporting the view that speakers’ referential choices are driven 
by a pressure to facilitate the listener’s identification of the referent, rather than by brevity. 
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Fig 1. Sample Poly & Mono displays       Fig 2. Order x Condition x Switching interaction 
 

            
 
 
Fig 3. Sample 1- and 2-character vignettes        Fig 4. VWM x Age interaction 
 

               
Panel 1: “Doggie (M) cooked rice for dinner.”                  (Median split: OA=older adults, YA=younger adults) 
 

 
 
Panel 1: “Doggie (M) cooked rice with Mousey (F) for dinner.”             

 
 
 
Acknowledgements: The authors would like to thank Merel Scholman for providing the 
automated reading span task (based on Daneman & Carpenter, 1980) along with the relevant 
R script to extract participant scores. 
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Referential predictability and topicality diverge in implicit causality 
Shuang Guan (Swarthmore College) & Jennifer E. Arnold (UNC Chapel Hill) 
sguan1@swarthmore.edu 

Many current models of pronoun comprehension are based on referential probabilities, i.e. 
the idea that people predict who is likely to be mentioned next (Arnold, 2010; Hartshorne et al. 
Kehler & Rohde, 2013), and this guides pronoun comprehension. For example, following a 
sentence like “Ana admired Liz…”, most people assume that the cause of this admiration was 
Liz. This implicit causality (IC) leads people to predict that Liz will be mentioned next, and 
guides pronoun interpretation. IC is dependent on the assumed coherence relation, namely that 
the upcoming clause is expected to provide an explanation for the first clause.  

But it is not clear where predictability comes from. Some models suggest that predictability 
is linked to topicality (Arnold, 2010; Givon, 1983). Consistent with this, Author & Author (2019) 
found that people judge the subject to be both topical and predictable in sentences like “Ana is 
cleaning up with Liz.” But Kehler and Rohde’s (2013) model contains separate representations 
for the predictability of the referent and the suitability of a pronoun, which is linked to the 
topicality of the referent. In their model, the topic is defined as the prior grammatical subject. 

We test whether predictability and topicality are distinct or not in implicit causality scenarios, 
using either subject-cause verbs, e.g. Ana and Liz were competing in a marathon. Ana enraged 
Liz {because}…, or object-cause verbs, e.g. Will and Matt were fishing with their kids. Will 
admired Matt {because}…. Participants answered a question about either topicality “Who do you 
think is the main character of this story?” or predictability: “Think about the rest of the second 
sentence in this story. Who do you think will be mentioned?” We asked two research questions. 
1) Are topicality and predictability influenced by similar or different properties? We test the 
effects of subjecthood, verbtype (subject- vs. object-cause), and whether or not the fragment 
ends in “because”, which strengthens the explanation coherence relation. 2) How do these 
judgments vary across individuals? Recent evidence suggests that people who have higher 
print exposure (i.e., those who read more) are more likely to assign ambiguous pronouns to the 
grammatical subject for a verb type where the subject is both topical and predictable (Arnold et 
al., 2018). For IC sentences, the subject bias is modulated by IC, which is predicted to 
dissociate predictability and topicality. This provides an opportunity to test whether print 
exposure is related to topicality judgments or predictability judgments, or both.   

Methods. Mturk participants read 6 IC stories with both subj- and obj-cause verbs and 6 
fillers, and answered either the topicality question (Exp. 1, n=32) or predictability question (Exp. 
2, n=32). The presence of “because” was manipulated between subjects. We measured print 
exposure with the Author Recognition Task (ART; Stanovich & West, 1989). Results. Main 
character question: there was a uniform preference to pick the subject (see Fig. 1). In a mixed 
effects logistic regression, only the intercept was significant (p <.001). Next mention question: 
people chose the subject more when it was the cause than not (main effect of verbtype, p = 
.049), but more often in the presence of because (verbtype x connection interaction, p = .015; 
see Fig. 2). When we added ART scores and their interactions to the models (Fig. 3), they had 
no effect on the main character question, but for the prediction question, high-ART participants 
showed a stronger effect of verb type (verbtype x ART interaction, p = .01)  Conclusions. 
Predictability was judged separately from topicality, unlike other verb types (Author and Author, 
2019), which suggests predictability calculations vary by both verb type and language exposure. 
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Figure 1 and 2. Percentage of referent chosen for measures of topicality and predictability. 

 

 
Figure 3. The interaction between print exposure (as measured by the Author Recognition Task 
(ART)) and verb type. ART scores are binned, number of subjects in each bin are indicated. 

 

References 
• Arnold, J. E. (2010). How speakers refer: The role of accessibility. Language and Linguistics 

Compass, 4(4), 187-203. doi:10.1111/j.1749-818X.2010.00193.x  
• Arnold, J. E., Strangmann, I., Hwang, H., Zerkle, S., & Nappa, R. (2018). Linguistic 

experience affects pronoun interpretation. Journal of Memory and Language, 102.  
• Author & Author (2019). CUNY submission.  
• Kehler, A., & Rohde, H. (2013). A probabilistic reconciliation of coherence-driven and 

centering-driven theories of pronoun interpretation. Theoretical Linguistics, 39, 1-37.  
• Hartshorne, J.K., O'Donnell, T.J., & Tenenbaum, J.B. (2015). The causes and 

consequences explicit in verbs. Language, Cognition, and Neuroscience, 30, 716-734. 
• Stanovich, K. E., & West, R. F. (1989). Exposure to print and orthographic processing. 

Reading Research Quarterly, 24, 402–433. 

48% 
67% 

25% 

77% 

52% 
33% 

75% 

23% 

0% 

25% 

50% 

75% 

100% 

caus-obj caus-subj caus-obj caus-subjPe
rc
en
t	R
ef
er
en
t	C
ho
se
n

Without	"because"								With	"because"

Next	Mention	Question
(Predictability)
Subject Object

85% 83% 79% 75% 

15% 17% 21% 25% 

0% 

25% 

50% 

75% 

100% 

caus-obj caus-subj caus-obj caus-subjPe
rc
en
t	R
ef
er
en
t	C
ho
se
n

Without	"because"							With	"because"

Main	Character	Question
(Topicality)

Subject Object

0%

25%

50%

75%

100%

1 to 10 
(n=6)

11 to 20 
(n=9)

21 to 30 
(n=2)

31 to 40 
(n=3)

41 plus 
(n=6)

%
 s

ub
je

ct
 c

ho
se

n

ART bin 

PREDICTION QUESTON
(with and without because)

IC is not subj

IC is subj



Can garden path effects be reduced to predictability?

Unpredictable words are read more slowly than predictable ones. It has been suggested that

processing difficulty in the disambiguating region of garden path sentences can be reduced to

predictability (surprisal; [3]), obviating the need for syntactic repair mechanisms [1]. The goal of

this work is to test this hypothesis using predictability estimates from a recurrent neural network

(RNN) language model [2]. We examine three types of garden path sentences:

NP/S: Mary saw (that) the doctor [had been] drinking.

NP/Z: When Mary visited (,) the doctor [had been] drinking.

MV/RR: The soldiers (who were) warned about the doctor [conducted the late] raid.

When the disambiguating context (in parentheses) is omitted, each of these constructions lead

readers to assign a high probability to a parse that later on turns out to be incorrect: the critical

region (in square brackets) is incompatible with that parse, producing slower reading times (RTs)

compared with a version of the sentence that includes the disambiguating context.

Does the RNN model the syntax of garden path sentences? We looked at the parts-of-speech

predicted by the model at the first word of each critical region (Figure 1).1 The unambiguous condi-

tions generally caused the model to correctly predict a verb, while all three ambiguous conditions

led the model to instead predict a reasonable incorrect alternative prediction (e.g., a sentence

boundary). These results show that the model is sensitive to the syntax of these constructions.

Surprisal is a better predictor in NP/S than in NP/Z or MV/RR: The surprisal of a word influ-

ences the RT of that word as well as subsequent words. [5] regressed the model surprisal of each

word in a four-word window against RTs to determine the influence of surprisal over time.2 We

used their regression slopes to predict the RT of each word in our experiment with a weighted sum

of the surprisals of the preceding words.3 The mean unambiguous critical RT was subtracted from

the corresponding mean ambiguous RT to obtain a predicted garden path effect (Figure 2). The

model predictions were compared with the self-paced RTs reported by [4] (details in Table 1). The

model’s NP/S prediction was not significantly different from the human response (p = 0.12). The

NP/Z and MV/RR responses predicted from the model’s surprisal, while in the correct direction,

were significantly smaller than the corresponding human responses (both p  0.001).4

No evidence for a difference in the distribution of RTs between NP/S and fillers: We then

examined the distribution of each construction’s critical RTs when the context is ambiguous (i.e.

enables a garden path effect) compared with the distribution of RTs on the same sentence posi-

tions in the filler sentences read by the same participants. Two-sample Kolmogorov-Smirnov tests

revealed that the distribution of NP/S RTs did not significantly differ from the filler RT distribu-

tion (p = 0.20), while the distributions of NP/Z and MV/RR RTs did significantly differ from the

distribution of their respective filler RTs (both p < 0.001).

Conclusions: These results suggest that processing difficulty in NP/S sentences may indeed be

reducible to a predictability effect which is broadly present in reading (including in filler sentences).

However, predictability seems insufficient to model NP/Z and MV/RR processing, and the distribu-

tion of RTs in these constructions differs from non-garden path RTs. These results suggest that

NP/Z and MV/RR constructions may involve qualitatively different processing than NP/S construc-

tions and general purpose reading.

1
The model’s lexical probabilities were mapped to the most likely corresponding part-of-speech.

2
Their models also controlled for word frequencies and word lengths in that window as well as sentence position.

3
The model RT prediction at a given word wi is calculated based on the surprisal (S) of previous words:

RT(wi) = 0.84 · S(wi�3) + 0.92 · S(wi�2) + 1.53 · S(wi�1) + 0.53 · S(wi)
4
We also replicated this finding using a syntactic parser [6] to ensure results weren’t driven by RNN syntactic deficits.
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Figure 1: RNN part-of-speech probabilities at the first word of the critical region in the ambiguous

condition (positive) minus those in the unambiguous condition (negative) in each construction.

# Items # Fillers # Subjects

NP/S 20 80 224

NP/Z 20 80 224

MV/RR 40 80 73

Table 1: Details of self-paced reading data

collected by [4].

Figure 2: Model RT predictions and human RTs

in critical regions (ambiguous RTs minus unam-

biguous RTs).
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Ambiguous word recognition in sentence contexts by L2 speakers 
Essa Batel (University of Arizona) 

essabatel@email.arizona.edu 
 

 This paper presents the results of an experiment investigating the effect of sentence 

context on the recognition times (RTs) of ambiguous words in second language (L2) learners with 

native speaker (L1) participants as a control group. In the L1 domain, some studies have 

investigated the effect of sentence context on the recognition process of ambiguous words (e.g., 

solution: [1] the fix to a problem, [2] a liquid suspension). For example, the Selective Access Model 

suggests that only the appropriate meaning of an ambiguous word is accessed when presented 

within a context that is biasing for that meaning (Simpson, 1981; Van Pattern & Kutas,1978) 

whereas the Autonomous Access model posits that all related meanings of an ambiguous word 

are accessed even when the context is biasing for only one meaning (e.g., Onifer & Swinney, 

1981). However, the Reordered Access Model suggests that all meanings of an ambiguous word 

are accessed, but a biasing context makes the subordinate meaning available earlier than it 

usually is, resulting in a competition between the dominant and the subordinate meaning (Duffy 

et al., 2001; Duffy, Morris, & Rayner, 1988; Sheridan et al., 2009). However, very little work has 

been done with the recognition process of L2 speakers. For example, Love et al. (2003) found 

that both L1 and L2 speakers were able to access both the dominant and the subordinate 

meanings in dominant-biasing context, a result taken as a support for an autonomous access in 

L1 and L2. However, the L2 participants in Love and colleagues’ study were a mix of both 

simultaneous L2 speakers (20 participants who acquired English alongside their mother tongue) 

and sequential L2 learners (10 participants who learned English as an L2 after they acquired their 

native languages). As there were more simultaneous bilinguals than sequential bilinguals, their 

native-like recognition may not be representative of all L2 learners. In addition, the study did not 

provide evidence for whether their L2 participants knew both the dominant and the subordinate 

meanings of the target ambiguous words. 

To test whether the interpretation of any of the above models would account for the processing 

of sequential L2 learners, 24 native English speakers and 24 advanced L2 English speakers (L1: 

Arabic) performed a self-paced reading task. The subordinate meaning of an ambiguous word 

was always the target meaning. Participants read sentences presented one word at a time in a 

biasing or non-biasing context, such as “The blue solution that was spilled on the floor made a 

little mess” (biasing) or “The solution that was spilled on the floor made a little mess” (non-biasing). 

Trials were counterbalanced and randomized across participants to avoid any repetition effects. 

The RTs of the target words (i.e., solution and spilled in this example) were recorded for statistical 

analysis. A multiple-choice questionnaire including the ambiguous words with related and 

unrelated words was given to these participants in order to know whether they know both 

meanings of the experiment ambiguous words. The words that were not known were removed 

from a participant’s analysis. 

A linear mixed effects regression showed that L1 participants were able to use the preceding 

biasing context to activate the subordinate meaning as much as the dominant meaning, which is 

compatible with the explanation of the Reordered Access Model. That is, the RT on the target 

word (solution) was longer in the biasing context (i.e., blue solution) but not statistically significant 

(p> 0.05) from that of the non-biasing context (… solution), indicating the activation of the 

subordinate meaning (liquid) was as fast as that of the dominant meaning (the fix to a problem). 

However, L2 participants had a significantly longer RT (p<0.05) on ambiguous words even in the 

biasing context, a result that is not compatible with any of the above-mentioned models. That is, 

these L2 speakers seem to initially activate the dominant meaning first even when an ambiguous 

word is embedded within a subordinate-biasing context. However, a reanalysis process starts 

when the ambiguous word was hard to integrate into the preceding context. This L2 result 

indicates a supremacy of the dominant meaning when processing L2 ambiguous words online. 

norielleadricula
Text Box
Poster Session A: Friday, 4:30 - 6:30 PM, 
Location: East & West End Rooms, #A17



Lexical prediction and the processing of argument structure in English psych verbs 
Russ Simonsen & Dustin A. Chacón (University of Minnesota) simon479@umn.edu  

Many theories of sentence processing propose that comprehenders interpret the first NP 

in a sentence as the agentive subject [1–2]. However, the mapping between argument structure 

and meaning is complex [3–5]. For instance, psych verbs, which denote mental states, often do 

not have agentive subjects. Instead, psych verbs may relate the experiencer thematic role to the 

subject grammatical function, whereas others relate it to PPs. This is reflected in real-time 

processing. For instance, [6] found that Spanish speakers experience processing difficulty when 

reading psych verbs, which they attribute to a difference in mapping between argument 

structure and thematic interpretation. However, if the sentence contained a fronted PP, then 

psych verbs were easier to process. [6] attribute this effect to a difference in canonical word 

order, because fronted PPs are canonical for Spanish psych verbs. Thus, Spanish speakers 

predicted that the upcoming predicate would be a psych predicate, facilitating processing. 

 A similar pattern holds in English. A PP may occur at the beginning of the sentence if it 

expresses an experiencer, e.g., [PP To me], this dish tastes great. However, verbs that take 

recipient PP arguments do not permit the PP to front easily: ?*[PP To me], John gave a present. 
Additionally, psych verbs like taste, matter, and appear do not clearly assign an agent thematic 

role to their subject. In this study, we show that a fronted PP reduces the processing difficulty 

associated with a psych verb, like [6]. Unlike Spanish, we do not think it’s appropriate to 

attribute this to a canonical word order effect, since fronted PPs are likely non-canonical in 

English. Thus, we attribute this to lexical prediction [7–9]. Upon detecting a PP, comprehenders 

may interpret it as a perspective holder or experiencer, which preactivates a psych verb. 

Additionally, we show that processing a non-fronted PP is more difficult if the main verb is a 

psych verb compared to a non-psych verb. We attribute this to the non-canonical grammatical 

function-thematic role alignment that psych verbs impose on their arguments, such that 

interpreting an experiencer PP is harder than a recipient PP. 
Experiment. Thirty participants read 24 sets of items (86 fillers) in a self-paced reading 

paradigm [10]. We manipulated ±Psych Verb and ±PP Fronting. In the +Psych Verb conditions, 

the main predicates were headed by psych verbs that did not assign an agent thematic role to 

their subject, and assigned an experiencer thematic role to a PP argument. In the –Psych Verb 

conditions, we used verbs with typical alignment. In the +PP Fronting conditions, there was a 

PP containing an argument that was either interpreted as a dative recipient (–Psych Verb) or as 

an experiencer (+Psych Verb): 

(1) +PP Fronting, {–Psych Verb/+Psych Verb} 
     [PP To John], Steve {waved happily and eagerly/appeared wrinkly and old} at the reunion 

(2) –PP Fronting, {–Psych Verb/+Psych Verb} 
     Steve {waved happily and eagerly/appeared wrinkly and old} [PP to John] at the reunion 

We constructed mixed linear effects models with the log residual reading times as dependent 

variable, and the structure suggested by [10] for the main clause predicate region (waved 
happily and eagerly vs. appeared wrinkly and old) and for the second PP region (to John). In 

this latter model, we did not include ±PP Fronting as a factor, since there was no data in the      

–PP Fronting conditions in this region. In the main clause predicate, we did not find a main 

effect of either ±Psych Verb or ±PP Fronting (ps > 0.05). However, we did find an interaction 

effect between these factors (β = 0.024±0.009, t = 2.6, p < 0.01). We take this finding to 

demonstrate that comprehenders forecast a psych verb if they had encountered a fronted 

experiencer PP, as Spanish speakers did in [6]. Finally, in the later PP region, we found a 

marginal effect of ±Psych Verb (β = 0.017±0.0089, t = 1.9, p = 0.06). We take this to mean that 

comprehenders more easily integrate a recipient PP than an (unfronted) experiencer PP, which 

we attribute to the non-canonical alignment between grammatical function and thematic role that 

psych verbs impose. 
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Figure 1. Mean log residual reading times by word number and condition. Boxed reading times 

correspond to the regions in which analysis was conducted. 
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One star, two star, red star, blue star: Subsequent memory reveals both lexical and 
discourse influences on prosodic reduction 
Rachel Peters & Scott Fraundorf (University of Pittsburgh) 
sfraundo@pitt.edu 
 
Words vary in their prosodic prominence, a percept realized acoustically with variation in 
intensity, duration, and F0 [1]. For instance, words are typically reduced in prominence the 
second time they are mentioned in a discourse [2]. Several explanations of this reduction have 
been proposed, including lexical activation [3], discourse-level availability [4], or a combination 
thereof [5]. Determining the source such variation may be facilitated by converging evidence 
from tasks other than the scene description used in most experimental studies of prominence. 
Here, we investigate the sources of variation in prominence by testing its relation to subsequent 
memory (see also [6]). If reduction in prominence partially reflects activation in the speaker’s 
mind, then we might expect those items that are reduced to also be better remembered later. 
 Method. Unacquainted dyads (N = 44 dyads) completed a version of the map task [7].  
One participant, the director, viewed a display on the computer indicating a route through a grid 
of pictures. The director was audio-recorded as s/he described the route to the other participant, 
who drew the route on a paper copy of the display (Fig. 1; 12 directions on each of 7 maps). 
 Critical pictures appeared twice in the display, allowing us to assess the degree of 
reduction between the first mention and the second mention. (Either 0, 1, or 3 other instructions 
intervened between mentions; this number varied so that second mentions were not fully 
predictable.) Half of the referents were in the same-referent condition, in which the two 
mentions of the same lexical item referred to the same referent in the display (e.g., blue star and 
later the same blue star; see example 1), a repetition at both the lexical and discourse level. The 
other half were in the different-referent condition, in which the two mentions of the same lexical 
item referred to different referents in contrasting colors (e.g., red star and later blue star, see 
example 2), a repetition at only the lexical level, not the discourse level. 
 Following the last map, the director completed a free-recall task and attempted to write 
down the names of as many referents as possible (disregarding their color). 
 Results. We measured the prominence of the critical referring expressions as a whole 
(e.g., blue star) to control for any shift of prominence within the referring expression (e.g., 
contrasting accenting of the color adjective).  We used mixed-effects logit models (with the 
maximal random effects structure justified by the data) to test whether the degree of reduction 
predicted eventual recall—and whether this relation differed between the same- and different-
referent conditions.  

For acoustic duration (Fig. 2, left panel), prosodic reduction predicted a higher 
probability of recall; recalled items had more reduction (i.e., more activation) in the earlier map 
task (Wald z = 3.25, p < .001). This effect did not vary across the same- vs. different-referent 
condition (interaction with condition: z = 0.50, p = .62), suggesting a lexical basis for the effect. 

But for acoustic intensity (Fig. 2, right panel), there was no main effect of prosodic 
reduction in predicting memory (z = 0.18, p = .86). Rather, reduction in intensity interacted with 
condition (z = 2.04, p = .04) such that recalled items had greater reduction only in the same-
referent condition, suggesting a discourse-level effect. 
 Discussion. Reduction in prosodic prominence across repeated mentions of a word 
predicted whether the speaker later remembered that item. As in [6], this suggests that prosodic 
reduction stems at least in part from cognitive activation. Further, reduction appears to reflect 
both lexical and discourse activation: Duration reduction predicted recall regardless of referent 
status and thus appeared driven by lexical repetition, but intensity reduction predicted recall only 
when the referent was also repeated. This is consistent with past work contrasting intensity and 
duration [8] and with a multiple-source view [5] in which reduction—and prosodic prominence 
more broadly—stems from multiple sources, including both lexical and referential repetition.    
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EXAMPLE SENTENCES 
(1a) Go from the blue star to the grey hinge. 
(1b) Go from the blue star to the brown drum. [Same-referent condition] 
 
(2a) Go from the red star to the grey hinge.  
(2b) Go from the blue star to the brown drum. [Different-referent condition] 
 
FIGURES 

 
Figure 1. Example display. 
 
 

 
 
Figure 2. Mean reduction in prosodic prominence as a function of subsequent recall and of 
referent repetition, for reduction in duration (left panel) and in acoustic intensity (right panel). 
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Prediction or processing burden? 
--The online comprehension of the classifier-noun pair in Mandarin Chinese 

Yuhan Zhang (Harvard University) & Peng Zhou (Tsinghua University) 
yuz551@g.harvard.edu 

Introduction. Information encoded in contexts, syntactic structures, lexicon, or even 
sounds in early linguistic regions has been shown to help readers anticipate the upcoming 
information [1, 2, 3]. Research on Mandarin also confirmed existing conclusions by showing that 
the classifier’s meaning allows for prediction of the following noun (1) [4,5]. Different from using 
the preactivated ERP responses or eye gaze before the onset of the noun that were exploited in 
existing literature, our experiments manipulated and standardized the classifier-noun pair with a 
purpose to pinpoint the processing pattern of the entire NP. We found that apart from prediction, 
the bottom-up incremental incorporation is also a competing mechanism that might impose some 
burden through the entire classifier-noun comprehension process. 
 Experiment One. This preliminary experiment focused on classifiers and noun-noun 
compounds where both noun morphemes can stand alone as single-character nouns that match 
different classifiers (2). In a self-paced reading task, 20 native Chinese-speaking adults read 
sentences containing either grammatical or ungrammatical NPs followed by a grammaticality 
judgement task. The classifier in the grammatical NP matches the head noun on the right whereas 
the classifier in the ungrammatical NP matches the left noun (3). We analyzed the reading time 
of each Chinese character and found a spill-over effect of elongated reading time after the 
ungrammatical NP. This suggests that participants needed extra time to recognize and 
comprehend the semantic mismatch between the classifier and the head noun (p = .012 < .05, 
Fig.1). The offline judgement task revealed that participants chose the correct judgement above 
pure chance (p < .001). Both the online and offline results confirmed that participants were very 
sensitive to the grammaticality of the classifier-noun pair. 

Experiment Two. The second experiment studied single-character nouns and noun-noun 
compounds. The first session explored the predictability of single-character noun following its 
corresponding classifier, versus following a semantically neutral plural marker xiē (4) which 
reveals no semantic information about the following noun other than its plurality. Reading times 
generated by 40 adult participants showed that nouns following a classifier took unexpectedly 
longer time to comprehend than the plural control condition (t(453) = 2.632, p = .009 < .01, Fig.2). 
We argue that the reason for this processing delay might result from the extra time participants 
took to examine the validity of the classifier-noun pair while the plural one-xiē N did not require 
any re-examination1. The second session juxtaposed one-Cli Nounj-Nouni with the control NP 
one-Cli Nouni-Nouni (indices referring to semantic co-referentiality, see (5)). 432 sentence trials 
yielded a prolonged reaction time of reading the second character after the control NP (t(432) = 
2.980, p = .003 < .01, Fig.3). We interpret this elongated reading time as a spill-over effect which 
suggests that under the control condition, participants experienced more difficulty in incorporating 
the second noun morpheme with the temporarily grammatical one-Cli Ni. Incorporation requires 
reconstruction of the NP, echoing with the pattern we see in garden-path effects. 

Conclusions. The two experiments generated findings that were not captured in previous 
processing studies [4,5]. We showed that double-checking the compatibility between new and old 
information as well as structural reconstruction during incremental processing are time-
consuming. Therefore, from this study of classifier-noun pair in Mandarin we propose a 
generalization that even if earlier linguistic information boosts the reading efficiency by facilitating 
prediction, the information incorporation and reconstruction is definitely a competitive mechanism 
that enhances the tension between top-down prediction and bottom-up incrementality. However, 
more of the prediction effect should be further investigated due to the spill-over effects. 

                                                        
1 Another possible explanation is that the average frequency of the CL is lower than that of xiē so that a longer comprehension time might occur 
for the CL and is reflected via a spill-over effect on the following noun. 
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Sample data. 
(1) yí   -piàn miànbāo (2) yí   -piàn shù -yè 
      one-CL     bread      one -CL    tree -leaf 
      ‘a piece of bread’      ‘a piece of leaf of a tree’ 
(piàn corresponds to objects with a thin, 
two-dimensional shape, e.g., bread) 

(piàn corresponds to yè to denote thin-piece 
shape; kē corresponds to shù to denote plants) 

(3) yí   -piàn/-*kē shù -yè (5) yì   -běn shū  /   yì   -xiē shū   
     one -CL/CL       tree -leaf       one-CL  book / one-pl   book(s) 
     ‘a piece of leaf of a tree’      ‘one book/ some books’ 
      Grammatical condition: CL = piàn 
      Ungrammatical condition: CL = kē 

(běn modifies book, or notebook; xiē is simply a 
plural marker that modifies plural nouns) 

(6a) yì   -dī  yǎn-lèi   (mismatch) (6b)  yì -dī   lèi-shuǐ   (match) 
      one-CL eye-tear                      one-CL tear-water 
     ‘a drop of tear’      ‘a drop of tear’ 
(dī modifies nouns that denote drop-like liquid, such as tear, water, rain, etc. In the mismatch 
condition, dī only semantically matches N2, but in the match condition, dī matches N1 and N2.) 

 
Summary statistics.  
Figure 1 Exp.1: An upsurge after the ungrammatical NP        Figure 2 Exp.2 Session one: Longer RT under CL condition                   

 
Figure 3 Exp.2 Session two: Longer RT after NP under match condition 
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THE EFFECT OF CONTEXT ON LOCAL SYNTACTIC COHERENCY PROCESSING 
Hanno M. Müller & Lars Konieczny (University of Freiburg) 
hanno.mueller@merkur.uni-freiburg.de 
 
We present an eye-tracking reading study investigating whether or not contextual information can 
guide parsing towards ungrammatical processing of local syntactic coherences (LSCs). LSCs 
have been shown to interfere with grammatical processing in various constructions, languages, 
and experimental paradigms (e.g. Tabor et al. 2004). The effect has been attributed to a variety 
of sources, such as self-organized parsing (ibid.), simple recurrent networks (Konieczny 2005, 
Konieczny et al., 2009), bottom-up/top down balancing (Gibson 2006), good enough processing 
(Ferreira & Patson 2007), rationality (Hale 2011), and noisy channel processing (Levy 2008). To 
what extent these accounts would predict potential context effects remains to be debated.  
This study investigates the effect of supporting contexts on the processing of German verb-final 
subordinate clauses, such as (1). An ambiguous adverb (“erfreut”/ delightful) succeeds a dative 
pronoun and a nominative NP. The adverb is formally identical with a finite verb (delights).  As a 
finite verb, it could locally be combined with the proper noun Daniela and the subsequent NP her 
boyfriend to form a short transitive sentence (Daniela delights her boyfriend). This combination 
however should be ruled out by the preceding dative pronoun him, which cannot be integrated in 
such a construction (*ihm Daniela erfreut ihren Freund/ him Daniela delights her boyfriend). 

(1) Als ihm Daniela erfreut ihren Freund vorstellt, lächelt Mark über das ganze Gesicht. 
When him Daniela delightful/ delights her boyfriend introduces, smiles Mark over the all 
face. (German word order) 
When Daniela delightful introduces her boyfriend to him, Mark smiles all over the face. 

Experimental target sentences like (1) containing a LSC were contrasted with controls, where the 
ambiguous adverb (“erfreut”) was replaced by an unambiguous mostly synonymous adverb 
(„heiter“/ lively). Both were preceded by short contexts. Crucially, these contexts contained a 
proposition either entailing (2) or inhibiting (3) the local coherence meaning. 

(2) Danielas new boyfriend ate nothing better than Tiramisu. To make him happy, Daniela had 
made some herself. Mark was also invited to dinner. (engl. translation) 

(3) Danielas new boyfriend detested nothing more than Tiramisu. To annoy him, Daniela had 
made some herself. Mark was also invited to dinner. (engl. translation) 

Two factors, i. expcond (experimental/lsc vs. control sentences), and ii. context (local support vs. 
global support) were crossed in a 2x2 design. 21 German native speakers were each presented 
with 40 items in each condition. Hypothesis 1: If the local syntactic structure is processed as 
such, which assumes that the ambiguous word is interpreted as a finite verb, processing the 
subsequent actual finite verb should result in a garden-path alike reading time increase. 
Hypothesis 2: If a context containing a proposition entailing the local coherence meaning (= local 
support) facilitates the processing of the LSC, this effect should be elevated, compared to the 
condition in which the context does not contain such a proposition (= global support).   
Residual first pass reading times (FPRT) and regression path durations (RPD) were each fitted 
in a linear mixed effects model with the two design factors and region (4 levels) as fixed effect 
predictors (including all interactions), and participant and items as random factors (including fixed 
effect slopes). As predicted by hyp. 1, FPRTs (fig. 1) revealed significantly longer reading times 
on the verb in the locally coherent (experimental) condition than in the control condition, 
regardless of context (t = 3.495, p<.001). RPDs (fig. 2) however showed a significant interaction 
of expcond and context at the verb (t = 2.315, p <.05), as predicted by hyp. 2. The results suggest 
that contextual information can guide parsing towards ungrammatical processing of LSCs. The 
findings will be discussed w.r.t. their compatibility with the aforementioned accounts. 
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Figure 1: Residual first pass reading times as a function 
of context, expcond (experimental/lsc vs. control), and 
region of interest (adverb encodes the ambiguous word 
(full verb/adverb), ambiguous refers to the words 
between the adverb and the finite verb referred to as 
verb, and verb+1 represents the subsequent word. 

 

Figure 2: Residual regression path durations as a function 
of context, expcond (experimental/lsc vs. control), and 
region of interest  

 



9HUE SKUDVH HOOLSVLV DYRLGV WURXJKV LQ WKH ,' SURILOH� $Q LQIRUPDWLRQ�WKHRUHWLF DFFRXQW WR
93( EDVHG RQ HYLGHQFH IURP UDWLQJ DQG UHDGLQJ WLPH GDWD

/LVD 6FKlIHU� 5RELQ /HPNH� +HLQHU 'UHQKDXV DQG ,QJR 5HLFK �6DDUODQG 8QLYHUVLW\�
HBb�Xb+?�272`!mMB@b��`H�M/X/2

%DFNJURXQG� :KLOH WKH JUDPPDU RI YHUE SKUDVH HOOLSVLV �93(� LV ZHOO�VWXGLHG IURP D WKHRUHWLFDO
DQG D SV\FKROLQJXLVWLF SHUVSHFWLYH �VHH 5HLFK ������� 3KLOOLSV DQG 3DUNHU ������ IRU DQ RYHUYLHZ��
WKLV LV QRW WUXH IRU WKH TXHVWLRQ RI ZK\ D VSHDNHU XVHV DQ HOOLSVLV DW DOO� +RZHYHU� ZKHQ FRQWUDVWLQJ
WKH IXOO IRUP ��D� ZLWK WKH FRUUHVSRQGLQJ 93( ��E� DQ REYLRXV K\SRWKHVLV LV WKDW WKH VSHDNHU IROORZV
D SUDJPDWLF LPSHUDWLYH IRU UDWLRQDO FRPPXQLFDWLRQ� $YRLG UHGXQGDQF\�
��� D� -RKQ SOD\HG IRRWEDOO LQ WKH EDFN\DUG DQG %LOO SOD\HG IRRWEDOO LQ WKH EDFN\DUG� WRR�

E� -RKQ SOD\HG IRRWEDOO LQ WKH EDFN\DUG DQG %LOO GLG� WRR�
$FFRXQW� 7KLV VWUDWHJ\ PD\ EH PRGHOHG E\ WKH LQIRUPDWLRQ�WKHRUHWLF FRQFHSW RI 8QLIRUP ,QIRUPD�
WLRQ 'HQVLW\ �8,'� �/HY\ DQG -DHJHU� ������ $FFRUGLQJ WR 8,'� VSHDNHUV WHQG WRZDUGV GLVWULEXWLQJ
LQIRUPDWLRQ DV XQLIRUPO\ DV SRVVLEOH DFURVV XWWHUDQFHV DYRLGLQJ WURXJKV LQ WKH LQIRUPDWLRQ GHQVLW\
�,'� SURILOH �)LJ� ��� L�H� UHJLRQV ZLWK FRQWLQXRXVO\ ORZ LQIRUPDWLRQ� 7URXJKV DUH FDXVHG E\ UHGXQ�
GDQW LQIRUPDWLRQ OLNH WKH VHFRQG FRQMXQFW RI ��D� DQG DUH WKH ORQJHU WKH ORQJHU WKH UHGXQGDQW SDUW
LV� :H FRQGXFWHG DQ DFFHSWDELOLW\ UDWLQJ DQG D VHOI�SDFHG UHDGLQJ WDVN WKDW DOORZ XV WR FRUUHODWH
SUHIHUHQFHV IRU 93( ZLWK FRJQLWLYH HIIRUW LQGH[HG E\ UHDGLQJ WLPHV�
([S� �� :H FRQGXFWHG WKH UDWLQJ VWXG\ LQ D � [ � �)කඕ� HOOLSVLV YV� IXOO IRUP ච /ඍඖඏගඐ� VKRUW �QR
33� YV� ORQJ �ZLWK 33�� ZLWKLQ�VXEMHFWV GHVLJQ� ,Q WKH VKRUW FRQGLWLRQ ZH SUHVHQWHG D SODLQ 93 ��D
	 �F�� WKDW ZDV H[SDQGHG E\ D 33 LQ WKH ORQJ FRQGLWLRQ ��E 	 �G�� :H H[SHFW D UHODWLYHO\ KLJKHU
SUHIHUHQFH IRU 93( LQ WKH ORQJ FRQGLWLRQ GXH WR WKH ORQJHU WURXJK LQ WKH ,' SURILOH� �� %ULWLVK (QJOLVK
QDWLYH VSHDNHUV UHFUXLWHG YLD 3UROLILF $FDGHPLF �3DODQ DQG 6FKLWWHU� ����� UDWHG �� LWHPV OLNH ���
DQG �� ILOOHUV �L�D� FRRUGLQDWHG VWUXFWXUHV ZLWK WZR GLVWLQFW 93V ���� RQ D ��SRLQW /LNHUW VFDOH ��  
FRPSOHWHO\ QDWXUDO�� :H DQDO\]HG RXU GDWD ZLWK &/00V �Q`/BM�H� &KULVWHQVHQ ������� LQ _ ZLWK D
IXOO UDQGRP HIIHFWV VWUXFWXUH �%DUU HW DO�� ����� DQG FRPSDUHG PRGHOV ZLWK OLNHOLKRRG UDWLR WHVWV� $
VLJQLILFDQW PDLQ HIIHFW RI /ඍඖඏගඐ �χ2  ������ S � ����� VKRZV WKDW RYHUDOO LWHPV ZLWK ORQJHU 93V
ZHUH UDWHG ZRUVH �)LJ� ��� $ VLJQLILFDQW )කඕ�/ඍඖඏගඐ LQWHUDFWLRQ �χ2  ����� S � ���� LQGLFDWHV WKDW
WKH IXOO IRUP ZDV UDWHG SDUWLFXODUO\ ZRUVH LQ WKH ORQJ FRQGLWLRQ� 7KLV LV LQ OLQH ZLWK RXU K\SRWKHVLV�
6SHDNHUV SUHIHU 93( WKH PRUH WKH PRUH UHGXQGDQW WKH UHSHWLWLRQ RI WKH DQWHFHGHQW 93 ZRXOG EH�
([S� �� 2XU DFFRXQW SUHGLFWV WKDW WKLV SUHIHUHQFH LV FDXVHG E\ WKH LQWHQWLRQ WR DYRLG WURXJKV LQ
WKH ,' SURILOH� :H XVHG D VHOI�SDFHG UHDGLQJ VWXG\ RQ WKH IXOO IRUPV ��D YV� �E� WR WHVW ZKHWKHU WKH
UHGXQGDQW 93 LQGHHG FUHDWHV VXFK D WURXJK LQ WKH VHFRQG FRQMXQFW� :H H[SHFWHG WKLV WURXJK WR
EH ODUJHU LQ WKH PRUH UHGXQGDQW ORQJ FRQGLWLRQ� ZKLFK ZRXOG EH LQGLFDWHG E\ D ODUJHU GLIIHUHQFH
LQ DYHUDJH UHDGLQJ WLPH EHWZHHQ WKH ILUVW DQG WKH VHFRQG FRQMXQFW LQ WKH ORQJ FRQGLWLRQ� 8VLQJ
,%(; �'UXPPRQG� ������ WKH LWHPV DQG ILOOHUV IURP H[S� �� H[WHQGHG E\ D VSLOORYHU UHJLRQ� ZHUH
SUHVHQWHG ZRUG�E\�ZRUG DQG FHQWHUHG WR �� QDWLYH VSHDNHUV RI %ULWLVK (QJOLVK UHFUXLWHG YLD 3UROLILF
$FDGHPLF� 2XU GHSHQGHQW YDULDEOH ZHUH WKH FXPXODWHG UHDGLQJ WLPHV SHU &ඖඒඝඖඋග �LWDOLFL]HG
LQ ���� ZKLFK ZH UHVLGXDOL]HG SHU VXEMHFW �*LEVRQ DQG /HY\� ������ :H DQDO\]HG WKH GDWD ZLWK
OLQHDU PL[HG HIIHFW PRGHOV �HK29� %DWHV HW DO� ������� LQ _ ZLWK UDQGRP LQWHUFHSWV IRU VXEMHFWV DQG
LWHPV DQG FRPSDUHG PRGHOV ZLWK OLNHOLKRRG UDWLR WHVWV� $ VLJQLILFDQW PDLQ HIIHFW RI &ඖඒඝඖඋග �χ2  
������� S � ����� �)LJ� �� VKRZV WKDW WKH VHFRQG FRQMXQFW ZDV JHQHUDOO\ UHDG IDVWHU WKDQ WKH ILUVW� $
VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ /ඍඖඏගඐ�&ඖඒඝඖඋග �χ2  ������ S � ����� LQGLFDWHV WKDW WKH VHFRQG
FRQMXQFW ZDV HVSHFLDOO\ IDVWHU LQ WKH ORQJ FRQGLWLRQ� 7KLV VXSSRUWV RXU K\SRWKHVLV� 7KH ORQJHU 93
LV PRUH UHGXQGDQW DQG� WKXV� FUHDWHV D ORQJHU WURXJK� ZKLFK LV UHIOHFWHG LQ IDVWHU UHDGLQJ WLPHV�
'LVFXVVLRQ� 2XU GDWD SURYLGH IXUWKHU HYLGHQFH IRU WKH HIIHFW RI 8,' RQ HQFRGLQJ SUHIHUHQFHV�
6SHDNHUV RPLW UHGXQGDQW SDUWV RI WKH XWWHUDQFH DQG XVH HOOLSVLV WR DYRLG WURXJKV LQ WKH ,' SURILOH�
7KLV SUHIHUHQFH IRU RPLVVLRQ LQFUHDVHV WKH ODUJHU WKH UHGXQGDQW SDUW LV�
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��� D� -RKQ SOD\HG IRRWEDOO DQG %LOO SOD\HG IRRWEDOO� WRR� �IXOO IRUP� VKRUW �QR 33��
E� -RKQ SOD\HG IRRWEDOO LQ WKH EDFN\DUG RI WKH KRXVH DQG %LOO SOD\HG

IRRWEDOO LQ WKH EDFN\DUG RI WKH KRXVH� WRR� �IXOO IRUP� ORQJ �ZLWK 33��
F� -RKQ SOD\HG IRRWEDOO DQG %LOO GLG� WRR� �HOOLSVLV� VKRUW �QR 33��
G� -RKQ SOD\HG IRRWEDOO LQ WKH EDFN\DUG RI WKH KRXVH DQG %LOO GLG� WRR� �HOOLSVLV� ORQJ �ZLWK 33��

��� $QQ SDFNHG SURYLVLRQV RQ WKH QLJKW EHIRUH WKH WULS DQG 7RP ORDGHG WKH FDU RQ WKH QLJKW EHIRUH WKH
WULS �VLQFH WKH\ ZDQWHG WR GHSDUW HDUO\ LQ WKH PRUQLQJ�� �ILOOHU �ZLWK VSLOORYHU��

)LJXUH �� +\SRWKHWLFDO ,' SURILOHV IRU IXOO IRUP DQG 93(� :KLOH LQ WKH IXOO IRUP WKH UHSHDWHG 93 ´SOD\HG
IRRWEDOO´ FUHDWHV D WURXJK WKLV LV QRW WKH FDVH IRU WKH 93( LQ WKH HOOLSWLFDO FRXQWHUSDUW�
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&,V IRU ([S� �� �QG FRQMXQFWV DUH UHDG IDVWHU WKDQ �VW
FRQMXQFWV� VSHFLDOO\ LQ WKH ORQJ FRQGLWLRQ�

5HIHUHQFHV
%DUU� '� -�� /HY\� 5�� 6FKHHSHUV� &�� DQG -� 7LO\� +� ������� 5DQGRP HIIHFWV VWUXFWXUH IRU FRQILUPDWRU\ K\SRWKHVLV WHVWLQJ�

.HHS LW PD[LPDO� -RXUQDO RI 0HPRU\ DQG /DQJXDJH� ������±����
%DWHV� '�� 0lFKOHU� 0�� %RONHU� %�� DQG :DONHU� 6� ������� )LWWLQJ OLQHDU PL[HG�HIIHFWV PRGHOV XVLQJ OPH�� -RXUQDO RI

6WDWLVWLFDO 6RIWZDUH� �������±���
&KULVWHQVHQ� 5� +� %� ������� RUGLQDO ± 5HJUHVVLRQ PRGHOV IRU RUGLQDO GDWD� 5 SDFNDJH YHUVLRQ ����������

KWWS���ZZZ�FUDQ�U�SURMHFW�RUJ�SDFNDJH RUGLQDO��
'UXPPRQG� $� ������� ,EH[ IDUP� $YDLODEOH� KWWS���VSHOORXW�QHW�LEH[IDUP�� $FFHVVHG ���� 'HFHPEHU ��
*LEVRQ� (� DQG /HY\� 5� ������� $Q DWWHPSWHG UHSOLFDWLRQ RI +DFNO� .RVWHU�+DOH� 9DUYRXWLV ������� &RUQHOO $U;LY�

DU;LY����������� >T�ELR�1&@� 5�FRGH DQG GDWD DYDLODEOH DW KWWSV���RVI�LR� W�DQZ�
/HY\� 5� 3� DQG -DHJHU� 7� )� ������� 6SHDNHUV RSWLPL]H LQIRUPDWLRQ GHQVLW\ WKURXJK V\QWDFWLF UHGXFWLRQ� ,Q 6FK|ONRSI�

%�� 3ODWW� -� &�� DQG +RIIPDQ� 7�� HGLWRUV� $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV ��� SDJHV ���±����
0,7 3UHVV�

3DODQ� 6� DQG 6FKLWWHU� &� ������� 3UROLILF�DF ± $ VXEMHFW SRRO IRU RQOLQH H[SHULPHQWV� -RXUQDO RI %HKDYLRUDO DQG ([SHUL�
PHQWDO )LQDQFH� �����±���

3KLOOLSV� &� DQG 3DUNHU� '� ������� 7KH SV\FKROLQJXLVWLFV RI HOOLSVLV� /LQJXD� ������±��� SXEOLVKHG RQOLQH 1RY ��� �����
5HLFK� ,� ������� (OOLSVLV� ,Q 0DLHQERUQ� &�� +HXVLQJHU� .� Y�� DQG 3RUWQHU� 3�� HGLWRUV� 6HPDQWLFV� $Q ,QWHUQDWLRQDO

+DQGERRN RI 1DWXUDO /DQJXDJH 0HDQLQJ�� SDJHV ����±����� GH *UX\WHU� %HUOLQ� 1HZ <RUN�
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If you don’t have anything nice (or interesting) to say, don’t say anything at all 
Hannah Rohde (University of Edinburgh) & Michael Franke (University of Osnabrück) 

hannah.rohde@ed.ac.uk 
Communication depends in part on the hope that people will tell us things we’re interested in with 
language providing a channel by which speakers can convey, among other things, newsworthy 
and informative messages [1,2].  Despite this, research often emphasises the role of predictability, 
showing that comprehenders make fast and sophisticated use of knowledge about typical 
situations to shape their expectations about upcoming wordsin fine-grained and context-driven 
ways [3,4,5,6,7]. This new study contrasts these two dimensions, distinguishing knowledge about 
situation plausibility from knowledge about what people actually choose to talk about.   

The question is one about modelling:  What if an emphasis on event plausibility misses part 
of the picture? Can models be adapted to simultaneously incorporate expectations for 
newsworthiness alongside (and related to) expectations for event plausibility?  The intuition is that 
listeners track the plausibility of situations in part to help them guess what a speaker is likely to 
select as a message worth conveying (e.g., a unicorn is rare but if one appeared, you’d be likely 
to mention it).  The likelihood of mention is thus predicted to rise with the improbability of the 
situation. Indeed, recent models of the context-dependent meaning of gradable adjectives like tall 
or big [8,9] assume that the cost of uttering a (positive form) adjective has to be traded-off against 
the prior probability of the actual degree (height, size, etc.) of the object in question, thus giving 
rise to a meaning of, say, tall similar to “taller than the minimal point where the surprisal of seeing 
a person that tall licenses that the speaker has not said nothing at all”.  Comprehenders in fact do 
show surprisal for content that is too uninformative if they are expecting novelty [10,11], 
suggesting they are predicting upcoming words based in part on the simple fact that a speaker 
has chosen the current message as one worth saying out loud.  To test if comprehenders use a 
speaker’s choice to speak in guessing upcoming words, we compare their guesses in a sentence 
about what a character knows/believes and a sentence about what that the character has said. 

In an offline task, participants (N=90) read short prompts describing two characters and were 
asked to select one of two values to fill in the blank about what one character would think or 
announce (see (1)).  The prompts were adapted from a study on a priori expectations about 
quantities [12].  The two numeric values were selected via an initial study (N=31) using these 
materials, based on participants’ free responses to a fill-in-the-blank prompt similar to (1a). The 
two values for each item corresponded, somewhat arbitrarily, to one value slightly above that 
item’s mean (mean+1/5*standard deviation) and one farther above the mean (mean + 
4/5*standard deviation). Both values were ‘plausible’ in that they represented values in the range 
posited by previous participants’ fill-in-the-blank responses, but if the mean can be taken to be 
the expected value, the larger values were less probable (and therefore more newsworthy). 

The binary outcome of participants’ forced-choice selection (small vs large value) was 
analyzed using an LMER model (maximal RE structure).  As predicted, the announce condition 
yielded more selections of the larger value than the think condition (p<0.01).  Figure 1 shows that 
a preference for the smaller value (the one closer to the mean) in the think condition shifts to a 
50-50 split between the smaller and larger values in the announce condition.  The fact that the 
think condition does not map uniformly to the lower value may reflect participants’ sensitivity to 
the possibility that the think sentences have been selected as utterances to appear in the task 
and thus may be expected to contain information that is (minimally) interesting enough to utter.  

The results confirm that people can use real-world knowledge to estimate probable situations.  
Furthermore, such guesses are shown to guide their estimates of what kind of messages would 
be worth uttering. A sufficient model would use a situation’s probability to determine its likelihood 
of mention alongside the probability that the situation might occur in the first place. Possible 
extensions include context manipulations to alter the estimation of the likelihood of mention (e.g., 
adult- vs child-directed speech) or the real-world probabilities (e.g., fiction vs non-fiction genres).   
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(1) Sample item with think/announce manipulation 
a.  Judith is a woman from the US.  
  Judith has a brother, Bill.  

Bill thinks that Judith has ___ Facebook friends.             ¢ 207    ¢ 268 
b.  Judith is a woman from the US.  
  Judith has a brother, Bill.  

Bill announced to me that Judith has ___ Facebook friends.        ¢ 207    ¢ 268 
 

 

 
Figure 1.  Selection of larger value in forced-choice task across  
think/announce conditions.  Error bars represent standard error of the mean. 
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Distant relatives: Resumptive pronouns can inherit agreement features of implied 
antecedents 
Maayan Keshev & Aya Meltzer-Asscher, Tel-Aviv University 

How do items interact during encoding and retrieval processes in incremental parsing? What 
types of linguistic representations are relevant for these processes? In recent years, agreement 
attraction effects (i.e. the sensitivity of agreement relations to features of structurally irrelevant 
distractors) were established as a window to constituents' representation in incremental 
production and comprehension (e.g. Eberhard et al., 2005; Wagers et al., 2009). In this study 
we ask whether the discourse function of the distractor can modulate agreement attraction 
effects. We investigate definitional copular sentences like (1), in which an NP is defined by 
another noun modified by a relative clause. We examine gender agreement attraction effects in 
Hebrew, between a resumptive pronoun (RP) inside the relative clause and the defined noun, a 
distractor which is structurally illicit antecedent for the RP (see the translated example 2). A 
similar phenomenon is described in theoretical linguistics as "fake indexicals" (Kratzer, 2009).   

(1) A fork is a utensil that you can eat small portions of food with 
(2) A { fork.M   /  spoon.F } is a utensil.M that you can eat with { it.M      /   it.F }           food. 

   Mismatch       Match              Grammatical  Ungrammatical 

In two experiments, we found attraction effects in this structure. Experiment 1 (N=48), a 
self-paced reading experiment, showed that reading times on and following the RP in 
ungrammatical filler-RP sentences decreased significantly when the distractor matched the RP 
(p=.009). Similarly, in Experiment 2 (N=32), acceptability ratings for this condition were higher 
than for the mismatching distractor condition (p<.001). No corresponding effects were observed 
in the grammatical conditions (Exp. 1 interaction p=.047; Exp. 2 interaction p<.001) (Figure 
1A,B). In Experiment 3 (N=32) we wanted to test whether this intrusion profile is due to the 
semantic association between the filler and the distractor, or to their shared discourse referent. 
We therefore compared the effect in the definitional ungrammatical conditions (3a) to the effect 
in ungrammatical sentences of the structure in (3b) with the same filler-distractor pairs. The use 
of "another x that…" in (3b) implies that the first NP can be subsumed under the category of 
second NP ("implied semantic identity" sentences), but the two nouns refer to distinct discourse 
entities. We replicated the attraction effect in definitional sentences (p<.001), with no 
corresponding effect in "implied semantic identity" sentences (interaction p<.001, Figure 1C). 

(3) a. Dan said that the {fork.M/spoon.F} is usually a utensil.M that …  
b. Dan said that the {fork.M/spoon.F} is near another utensil.M that … 

you can eat with it.F small portions of food. 

To our knowledge, our results provide first evidence in comprehension for (i) discourse 
association effects on agreement processing; (ii) attraction of an external (non-filler) noun, 
crossing the relative clause boundary. The results suggest that the construction of agreement 
relations is sensitive not only to the syntactic or semantic features of the distractor noun, but to 
its discourse representation; namely, the online interpretation of the sentence can modify 
representations of syntactic features. Under a cue-based retrieval model of attraction (see Jäger 
et al., 2017 for review), this would require a mechanism of discourse model-specific cues which 
results in co-activation of the target and the distractor. For the marking and morphing model 
(Bock et al., 2001), the findings suggest that message-level representations can modulate the 
consolidation of the morphosyntactic agreement features, and that this occurs even when 
features are not semantically meaningful (grammatical gender).  
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Figure 1. Results of Experiments 1-3. A: Mean RTs on and following the RP in Exp. 1. B: Mean 
acceptability ratings in Exp. 2. C: Mean acceptability ratings in Exp. 3. Analyses were conducted 
with a linear mixed-model regression;   p < .10; ** p < .01; *** p < .001; Error bars mark +/-1 SE.  

References: Bock et al. (2001). Some attractions of verb agreement. Cognitive psychology, 43; 
Eberhard, et al. (2005). Making syntax of sense: number agreement in sentence production. 
Psychological Review, 112; Jäger, et al. (2017). Similarity-based interference in sentence 
comprehension: Literature review and Bayesian meta-analysis. JML, 94. Kratzer (2009). Making 
a pronoun: Fake indexicals as windows into the properties of pronouns. LI, 40; Wagers, et al. 
(2009). Agreement attraction in comprehension: Representations and processes. JML, 61. 
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Processing referential expressions in German Sign Language: The effect of overt 
localization 
Anne Wienholz (Boston University), Derya Nuhbalaoglu (University of Goettingen), Markus 

Steinbach (University of Goettingen), Annika Herrmann (University of Hamburg) & Nivedita Mani 

(University of Goettingen); awien@bu.edu 
 

In sign languages, discourse referents are localized and assigned to referential locations (R-loci) 

in the horizontal part of the signing space in front of the signers’ body. These R-loci serve to 

establish a relation between a discourse referent and a referential expression (RE) in subsequent 

discourse [1], [2]. A discourse referent can be associated with a specific R-locus in a number of 

ways (e.g. with the use of IX (pointing) signs accompanied by non-manuals such as eyegaze and 

body lean in the direction of the IX). In spoken languages, the processing of REs is not only 

affected by their form, but also by the accessibility or prominence of their antecedents. Most 

accessible discourse referents are picked up by the least marked REs while less accessible 

referents are referred to by more marked REs [3]–[5]. Moreover, literature provides evidence for 

a subject preference, i.e., referents in subject position are more salient and thus more likely to be 

interpreted as the antecedent of a RE [6], [7]. Given that there is no available research on sign 

languages, the question arises whether the overt assignment of a discourse referent (i.e., subject 

and object) in space increases its prominence leading to facilitative processing of a subsequent 

co-referential expression. 

 

The present study examines whether overt manual localization with the INDEX sign in German 

Sign Language increases the prominence and hence the accessibility of a discourse referent and 

how this interacts with a referent’s grammatical role. Stimulus videos include short discourses 

(presented in Table 1 below) introducing two discourse referents with varying overt localization in 

a first sentence, i.e., localizing both referents (1a, 2a), only the subject (1b, 2b), only the object 

(1c, 2c) or none (1d, 2d). A subsequent second sentence starts with a bare noun co-referential 

with one of the referents, i.e., either the previous subject (examples in 1.) or object (examples in 

2.) (note that DGS is an SOV language). Using eye tracking and a modified version of the Visual 

World Paradigm, 23 deaf native signers (20-58 years, mean age: 33 years) were presented with 

two pictures representing the discourse referents contained in the simultaneously presented 

stimulus video while their eye movements were recorded. 

 

For the analysis, we fitted linear-mixed effects models for mean proportion of target looking (PTL) 

examined across a time window of 1000ms following the first fixation to one of the presented 

pictures. The best-fitting model (c2
(4) = 12.59; p = .013) with fixed effects for condition and 

continuation type and random effects for participants and items revealed increased looks to the 

target referent for conditions containing overt localization of both referents (t = 2.8; p = .005) or 

only localizing the subject (t = 2.17; p = .031) for the discourses where subjects were localized. 

 

The data suggest a conjoined effect of overt localization and grammatical function i.e., subject 

preference, on the processing of REs. Changes in the accessibility of antecedents reflected in 

modulations of their activation patterns can account for the observed effects. Referents that are 

localized and occur in subject position show increased activation leading to easier lexical retrieval 

when the referent is mentioned again in subsequent discourse since less additional activation is 

needed to exceed the retrieval threshold. Localization with the IX sign seems to increase the 

accessibility of a referent similar to prosodic focus in spoken languages and can therefore be 

analyzed as a manual focus marker. However, the sign language literature describes focus 

markers often as a combination of manual and nonmanual components suggesting that the effect 

of overt localization might increase if accompanied by a nonmanual marker such as eye brow 

raise [8], [9]. However, our data cannot provide evidence for clarifying the role of nonmanuals 
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since these were not included in the stimulus material and their effects are subject to further 

research. This study is the first to determine the influence of manual localization on processing 

mechanisms and to show its interaction with the subject preference for German Sign Language. 

 

Table 1: Overview of experimental conditions 

 

Subject continuation Object continuation 
Localization of both subject and object 

1a) TEACHER IXR GIRL IXL TALK. 

        TEACHER DIFFERENT CITY BORN. 

2a) COOK IXR WOMAN IXL MEET. 

       WOMAN A-LOT EAT CAN. 

Localization of subject 
1b) TEACHER IXR GIRL TALK. 

        TEACHER DIFFERENT CITY BORN. 

2b) COOK IXR WOMAN  MEET. 

        WOMAN A-LOT EAT CAN. 

Localization of object 
1c) TEACHER  GIRL IXL TALK. 

        TEACHER DIFFERENT CITY BORN. 

2c) COOK  WOMAN IXL MEET. 

       WOMAN A-LOT EAT CAN. 

No localization 
1d) TEACHER´GIRL TALK. 

        TEACHER DIFFERENT CITY BORN. 

2d) COOK WOMAN  MEET. 

       WOMAN A-LOT EAT CAN. 

‘A teacher talks with a girl. The teacher was 

born in a different city.’ 

‘A cook meets a woman. The woman can 

eat a lot.’ 
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Co-speech movement behavior at floor exchanges and interruptions 
Samantha Danner (USC), Jelena Krivokapić (U. Michigan) & Dani Byrd (USC) 
sfgordon@usc.edu 
 

Co-speech bodily movements, e.g. of the hands, head, and face, have been shown to be 
implicated in speech planning (Butterworth & Beattie 1978), in the prosodic structure of speech 
(Krivokapić et al. 2017), and in semantic/pragmatic aspects of speech (Ozyurek 2014), making 
co-speech movement behavior critical to felicitous conversational interaction (Holler et al. 2017). 

We examine how interacting speakers deploy co-speech movements at notable moments in 
conversation: 1) felicitous floor exchanges, in which a speaker concludes speaking and 
another speaker subsequently starts speaking, 2) non-consummated exchanges (NC 
exchanges), in which a speaker concludes speaking, then re-takes the floor, 3) interruptions, 
in which a speaker begins speaking prior to the conclusion of their partner’s speech turn, and 4) 
non-turn-adjacent speech (NTA speech). As turn-taking draws on speech planning, prosody 
and pragmatics, we hypothesize that spatiotemporal characteristics of co-speech movements 
will quantifiably differ across these contexts (Beňuš et al. 2011; Lee & Narayanan 2010). 

From a larger experiment dataset (N = 12 native speakers of Am. Engl.), two pairs of 
previously unacquainted speakers – S5+S6 and S7+S8 – were analyzed for the present report. 
Positioned with a line of sight to one another at facing desks 2m apart, participants were first 
instructed to quickly review 22 common English nursery rhymes like “Jack & Jill” or “Humpty 
Dumpty.” Then, dyads were recorded using dual NDI Wave electromagnetic articulometers 
(EMA) for motion tracking of sensors placed at the lip corners, lower lip, most mobile point of 
both eyebrows, intraorally on maxilla and jaw (Fig. 1), with video recording of hand movement 
and directional microphones for speech audio. In this naturalistic yet structured task designed to 
elicit conversational speech turns, participants collaboratively complete nursery rhymes, 
prompted initially by the rhyme’s first line. Dyad members were instructed to help their partner if 
the partner was unable to complete a rhyme. 22 rhymes were each presented twice (resulting in 
28 min, 46 s of data and 673 turns for S5S6 and 14 min, 44 s of data and 312 turns for S7S8).  

Speech audio was transcribed using the Penn forced aligner (Yuan & Liberman 2008). The 
mean inter-turn interval (ITI) across each dyad’s data was used to determine the size of the 
gestural analysis region (S5S6 ITI = 0.521s; S7S8 ITI = 0.631s). Floor exchanges and NC 
exchanges were coded as intervals around the endpoint of a participant’s acoustic speech turn 
± average ITI, interruptions coded as the acoustic starting point at which one speaker interrupts 
another ± average ITI, and NTA speech as any region of speech falling between turn 
boundaries + ITI. The analysis assesses 1) mean eyebrow velocity peaks per second (PPS), 
derived from the Euclidean from the maxilla to right brow sensors), as an index of brow gesture 
density, and 2) mean angular velocity PPS of rotations of a plane formed by three head 
reference sensors with respect to the EMA system origin, as an index of head gesture density. 

Results indicate that gestural density in head and brow movements pattern similarly to one 
another and across dyads, despite some individual speaker variation. The greatest co-speech 
gestural density (mean PPS values) occurs at felicitous floor exchanges, while the lowest 
mean gestural density is observed in non-turn-adjacent (NTA) speech. NC exchanges and 
interruptions exhibit intermediate gestural density, but the PPS in these regions is clearly 
distinct from baseline NTA speech (See Fig. 2 & Fig. 3). Finally, for two individuals there was 
depression of gesture density by a speaker when they are offered the floor and fail to take it. 

In sum, speech acoustic behavior is just one of multiple communicative modalities that reflect 
speakers’ willingness to exchange the conversational floor, and density of co-speech gestures 
may help distinguish turn-adjacent regions from non-turn-adjacent regions. The research 
methods and results described here indicate that quantitatively analyzing co-speech movement 
behavior at critical moments of interaction in conversation may begin to elucidate how face-to-
face conversation can proceed so seamlessly. [Supported by NIH R01 DC003172 (Byrd)]  
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Figure 2:  Brow Gesture Density 
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Priming at a distance: Phonology as a passenger in retrieval 
Austin Kraft & Dustin A. Chacón (University of Minnesota) 

kraft242@umn.edu 
Sentence processing depends on rapidly encoding and retrieving grammatical structure. 

However, properties of short-term memory remain controversial. Classical models posit 
specialized buffers with limited capacity [1–3], but recent models prioritize dynamic retrieval and 
interference without such buffers [4–6]. Processing of filler-gap dependencies provides insight 
into these mechanisms. To understand the phrase the book that Mary wrote __ , the filler the 
book must be associated with the gap after wrote  [7,8]. Some results propose that the filler is 
maintained in a privileged memory buffer [3,9]. For instance, [9] found differential effects of 
length on syntactic and semantic features in filler-gap dependency processing. Comprehenders 
sensed syntactic errors across dependency lengths, but sensitivity to implausibility decreased 
over long distances. Such data indicate that syntactic features are maintained over long 
distances, but semantic features are too costly to maintain over time and must be retrieved at 
the gap site, suggesting that different linguistic information may have different status in memory. 

In a self-paced reading study, we found a similar asymmetry in phonological features. 
Short dependencies show no effect of phonological similarity between filler and verb, but we find 
that phonological overlap between filler and verb eases processing for long dependencies. This 
is surprising; phonological cues are not features for retrieval [11], and phonological activation 
dissipates rapidly in typical processing [12]. We propose that phonological features are not 
stored in working memory, but may be reactivated along with the syntactic/semantic features of 
the filler in a later retrieval event, supporting the model described in [9–10]. 

Experiment. Our experiment sought to replicate the length effect on plausibility in [9] 
and to determine whether length similarly affected phonological information. We expected fillers 
to facilitate processing of verbs with overlapping onsets if phonological features were active as a 
kind of phonological priming effect [11]. We manipulated Filler (Control/Implausible/Phonological 
Overlap) and Length (Long/Short). In the Control condition, the filler was a plausible argument 
of the verb but shared no phonological onset segments with the verb onset. In the Implausible 
condition, the filler was an implausible argument. In the Phonological Overlap condition, the first 
3-5 phonological segments of the filler were the same as that of the verb. In the Long condition, 
there was a 4-word PP between the filler and verb. Forty-two participants read 36 sets of six 
items and 24 complexity-matched fillers at their own pace using a self-paced reading paradigm. 

We conducted a linear mixed effects model on log residual reading times, following [13], 
at the critical verb (cited ) and spillover regions (disliked ; how). We report only on the critical verb 
and second spillover region. We removed two items due to unintended phonological overlap 
between control filler and verb. At the critical verb, there was a main effect of Length (β = 
0.015±0.0068, p = 0.02) and an interaction effect between Length and Filler (β = 0.024±0.0097, 
p = 0.01; β = 0.017±0.0098, p = 0.08). Pairwise comparisons revealed increased reading times 
for Implausible fillers in this region for Short conditions only (β = 0.063±0.0026, p = 0.02). This 
suggests an immediate sensitivity to short implausible filler-gap dependencies, but not long 
implausible filler-gap dependencies. In the second spillover region, there was a main effect of 
Filler (β = 0.040±0.0091, p < 0.01), and a marginal interaction effect between Filler and Length 
(β = 0.018±0.0093, p = 0.06). Pairwise comparisons revealed a marginal effect of 
Phonologically Overlapping fillers, resulting in facilitated processing for Long dependencies only 
(β = 0.017±0.0098, p = 0.07). Implausible fillers were again longer in the Short conditions only 
(β = 0.074±0.0023, p < 0.01; β = 0.068±0.023, p < 0.01). This suggests that phonological 
overlap facilitates processing, but only if the filler is no longer actively maintained in working 
memory and must be retrieved, thereby reactivating the phonological features. 
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Figure 1. Materials for Experiment; critical region; spillover region . 
 
Figure 2 . Timeline schematic for differential 
treatment of lexical information in memory. 
Solid lines represent readily accessible 
lexical information over time. Dashed lines 
represent decayed but retrievable 
information. 
 
 

 
Figure 3. Word-by word log mean reading times per condition in Experiment. 
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Variability in language input: Effects on the robustness of novel word representations 

The pronunciation of words can differ drastically depending on the origins of the 
speaker. While New Yorkers might produce the words “cot” and “caught” with two distinct 
vowels, Californians tend to use the same merged vowel for both words. Given our modern 
society where individuals from different regional backgrounds co-reside in close proximity, 
successful communication relies on the ability to navigate multiple pronunciations of the same 
word as a function of the accent of the speaker. This task is far from trivial. Research examining 
listeners’ word recognition across accents has revealed that in the absence of prior exposure to 
the speaker, listeners are slower (Floccia, Goslin, Girard, & Konopczynski, 2006) and less 
accurate (Bradlow & Bent, 2008) at recognizing familiar words in an unfamiliar compared to the 
native accent. This might have important consequences for learning novel words in the face of 
accent variability.  

While research has explored the effect of multiple pronunciation variants on the 
developmental trajectory of vocabulary learning (Muench & Creel, 2013), no work to date has 
tested for potential consequences on lexical representations. On the one hand, lexical 
representations need to be specific in nature to avoid conflating two phonological neighbors 
(e.g., /kæt/ and /hæt/) as the same word. On the other hand, lexical representations should be 
flexible enough to allow listeners to cope with accent variability. It stands to reason that 
listeners’ novel word representations become increasingly more specific during the language 
learning process (cf. White, Yee, Blumstein, & Morgan, 2013), but that the exact amount of 
flexibility and specificity is dependent on the variability in the input. That is, when hearing a 
single accent during word learning, listeners’ representations might be relatively constrained, 
making it easy to distinguish between correctly pronounced words and mispronunciations. 
When hearing multiple accents during word learning, however, the greater variability in the input 
might lead to greater lexical flexibility, potentially resulting in more tolerance for deviation in the 
pronunciation of words.  

To test whether this is indeed the case, monolingual English-speaking adult participants 
(N=80) learned 15 new, phototactically legal CVC-words containing a front vowel in either one 
or two accents. Accents differed in vowel height, such that one accent employed consistently 
higher vowels than the other. To ensure high rates of word learning, participants heard each 
word 8 times each by two speakers during training. After training, the flexibility of these newly-
built word representations was tested, using a third, previously unheard speaker. Participants 
were tested on their recognition of the two accent variants as well as mispronunciations that 
featured a dramatic front-to-back vowel change and unrelated filler items.  

Although the rate of word learning did not differ between mono-accent and bi-accent 
participants during training (cf. Muench & Creel, 2013), performance at test was dependent on 
the number of accents listeners had been exposed to. Participants easily recognized the exact 
pronunciation variant(s) they had heard during training and correctly rejected the filler trials, 
independent of accent group. However, participants trained on two accents were more likely to 
accept mispronunciations than those trained on a single accent (ps < .01; see Figure 1). These 
findings suggest that increased variability leads to greater flexibility (allowing language learners 
to accept the two accent variants of the learned words) as well as reduced specificity (making 
them more susceptible to mispronunciations). Nonetheless, despite the reduced specificity 
observed in the recognition of words for the bi-accent group, not all phonological detail was lost. 
In fact, the large number of (correct) rejections for mispronunciation trials even in the bi-accent 
group suggests that while mispronunciations are sometimes accepted as alternative versions of 
the learned words, this is not the standard. Similar to lexical acquisition in infants (e.g., Van der 
Feest & Johnson, 2016; Van Heugten, Paquette-Smith, Krieger, Johnson, 2018), novel word 
representations acquired by adults are therefore simultaneously flexible and specific, even in 
the presence of accent variation. 
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Figure 1. The acceptance rate (measured as the proportion of yes responses) for each test trial 
type (main accent variant, secondary accent variant, mispronunciations, and fillers), plotted 
separately for each accent group (mono-accent vs. bi-accent). Error bars in this figure represent 
the standard errors of the mean difference scores.  
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The structural signalling effect of filled pauses during reading 
Ralph L. Rose (Waseda University) 

rose@waseda.jp 

Filled pauses (e.g., uh/um in English) in speech are known to influence listeners’ processing              
strategies. For instance, they may influence listeners’ interpretation of the given-new status of             
discourse entities (Arnold et al 2003), listeners’ perception of the frequency of a following noun               
(Corley et al 2006), or even the speed at which listeners recover from processing a speech                
repair (Brennan and Schober 1999). In often-cited work by Bailey and Ferreira (2003), the              
placement of filled pauses relative to structural boundaries influenced listeners’ processing of            
heard sentences. In a grammaticality judgment perceptual paradigm (their Experiment 3),           
listeners heard a stimulus sentence with a filled pause (“uh uh” in their study) inserted at either a                  
clause boundary (actually, just after the boundary) as in 1b and 2a or a non-boundary as in 1a                  
and 2b. 

1a. [Sandra bumped into the uh uh busboy] and [the waiter got angry]. 
1b. [Sandra bumped into the busboy] and [the uh uh waiter got angry]. 
2a. [While [the man hunted] the uh uh deer ran into the woods]. 
2b. [While [the man hunted] the deer uh uh ran into the woods]. 

Their results showed that listeners were more likely to judge the whole sentence as              
ungrammatical when the disfluency was at the clause boundary. This was consistent both for              
stimuli using coordination structures as in (1) and subordination structures as in (2). They              
explained this as a signal effect: When the disfluency occurs at a clause boundary, it is a good                  
signal and facilitates the listener’s ongoing structural processing. On the other hand, when the              
disfluency occurs at a non-boundary, it is a bad signal and hinders the listener’s correct parsing. 

The present study seeks to build on this finding. Although filled pauses are fundamentally a               
speech phenomenon, they are increasingly found in written environments probably due to the             
influence of social media. The present research explores the signalling effect of filled pauses in               
reading using the Bailey and Ferreira basic experimental design. If, indeed, the signalling             
account of filled pauses in speech is accurate, then one prediction is that readers would find                
sentences such as 1a and 2b more difficult to process correctly than those like 1b and 2a. 

To test this prediction, the original stimuli set of Bailey and Ferreira was extended and used in a                  
self-paced reading paradigm with the regions of interest being those immediately following the             
disfluency. In contrast to Bailey and Ferreira's study, this approach is an on-line measure of the                
signal effect, as opposed to the off-line measurement of grammaticality judgment. Stimuli (84             
items, 100 fillers) were presented using JESPR (Rose 2018)—a tool for the management of              
self-paced reading experiments through a web browser interface. Participants were recruited           
through the Amazon Mechanical Turk crowd-sourcing system and were paid US$5.00 each. 30             
participants who were native English speakers (self-reported) completed the experiment. 

Results (see Fig. 1) show that reading times were slower in the first [F(1,29)=15.6, p<0.001],               
second [F(1,29)=8.6, p<0.001], and third [F(1,29)=7.8, p<0.01] regions (i.e., words) after the            
disfluency when it was in a non-boundary position (cf. 1a/2b) than when in a boundary position                
(cf. 1b/2a). The effect was observed for both coordination and subordination stimuli, although it              
was slightly weaker in the former. This suggests that the signalling effect of filled pauses is a                 
robust phenomenon, observable even in very different perceptual conditions (reading vs.           
listening) and experimental paradigms (self-paced reading vs. grammaticality judgment). 
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Figure 1. Reading times in relevant regions for stimuli containing a disfluency at region 0 
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Anaphora resolution by Japanese learners of English: Constrained by syntax and 
semantics 

Michael Mansbridge (JSPS, Nagoya University) & Katsuo Tamaoka (Nagoya University) 
michaelp.mansbridge@gmail.com 
 
Because Binding Principle A states that a reflexive anaphor (e.g., herself/himself) must be bound 
within its local binding domain (i.e., c-commanded), when inaccessible distractors intervene 
between a reflexive and its antecedent, they should be eliminated during anaphora resolution. L1 
processing studies (e.g., Badecker & Straub, 2002; Cunnings & Felser, 2013; Sturt, 2003) have 
revealed mixed findings demonstrating that at the very least that potential inaccessible binders 
might interfere or cause a facilitatory intrusion effect during anaphora resolution with more 
pronounced effects occurring when the distractor is in a subject position (Patil et al., 2016). In 
comparison, L2 processing studies (e.g., Felser et al., 2009) have revealed that inaccessible 
binders can interfere during a retrieval process and have argued that L2 processing is guided 
more so by discourse and semantic constraints than syntactic ones (e.g., Clahsen & Felser, 2006). 
However, these L2 studies have not effectively addressed whether L2 learners are guided by 
syntactic cues during retrieval but instead revealed it was not guided by Principle A. As such, the 
current study investigated L2 processing to determine if both syntactic (i.e., +subject) and 
semantic (+gender) features are checked during anaphora resolution using relative clauses (RC). 

32 Japanese learners of English in Japan were recruited. 32 sentences were designed in a 
2(RC: ORC vs. SRC) x 2(Gender: Match vs. Mismatch) fashion to test for the 
interference/intrusion of the +subject +match(gender) for the inaccessible RC antecedent. 
Participants’ working memory and English reading ability were measured using a Reading Span 
Task (Unsworth et al., 2005). For the task proper, participants undertook a Lexical Maze Task 
(see Fig 1) (Forster, 2010) where upon a successful completion of a series of lexical decisions, a 
sentence is formed. Reaction times (RT) were recorded at each word of the sentence, and only 
correctly formed sentences were analyzed. If L2 speakers are not constrained by syntactic 
features, then both the ORC and SRC with matching gender features should interfere during 
retrieval or cause a facilitatory intrusion effect (e.g., Cunnings & Felser, 2013). However, if they 
are guided by syntactic features during the retrieval process, then only the ORC should interfere 
or facilitate processing when the inaccessible antecedent matches the reflexive’s gender. 
 
SRC: The guard who startled the (match: butler) / (mismatch: maid) drove himself to the bank. 
ORC: The guard who the (match: butler) / (mismatch: maid) startled drove himself to the bank. 
 

Using linear mixed effects (Table 1), the results revealed that at the matrix verb (adjusted by 
significant predictors: trial, English reading ability, word length and frequency), significant 
differences were found between RC conditions, effectively showing increased RTs for ORCs. No 
effect of noun gender was found. At the reflexive (adjusted by significant predictors: trial, English 
reading ability, reading span accuracy, matrix verb RT), while no significant differences were 
found between the conditions of RC and noun gender, the interaction of the two was significant. 
Importantly, the ORC with matching genders was found to be the condition with the fastest RTs, 
while the others had similar increased RTs thus suggesting a facilitatory intrusion effect (Fig 2). 

While ORCs were more difficult to process prior to the reflexive, ORCs with matching genders 
appeared to facilitate the reading of the reflexive. This demonstrates that the syntactic cue for 
+subject and the semantic cue +match(gender) were being satisfied by the ORC subject despite 
its inaccessible position. Though this result agrees with the findings of Felser et al. (2009) such 
that semantic cues can interfere/intrude during retrieval in despite of Principle A, the results add 
to it such that the more local (temporal/linear locality) SRC distractors did not cause an 
interference/intrusion effect due to the -subject feature of the distractor. In conclusion, L2 
processing is guided by both syntactic and semantic features during an anaphor retrieval process. 
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Figure 1. Procedure of the lexical maze task 
 

 
Figure 2. Estimated reaction times at the reflexive anaphor 
 
Table 1. LME at the reflexive anaphor         

  Estimate SE df t value p value   
RC -0.00986 0.01822 703.9 -0.541 0.58862  

Gender -0.0116 0.01849 693.3 -0.627 0.53058  
trial.z -0.06042 0.00894 689.4 -6.756 3.02E-11 *** 

reading.z 0.08387 0.02206 31.7 3.803 0.00062 *** 
ACC.z -0.04496 0.02185 29.1 -2.058 0.04866 * 

lnVerb_RT.z 0.02247 0.0109 504.4 2.063 0.03965 * 
RC:Gender -0.07728 0.03596 684.9 -2.149 0.03198 * 
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Testing error-based learning models of structural priming: Context and tense bias effects 
Roger van Gompel (University of Dundee) 
r.p.g.vangompel@dundee.ac.uk 
 
Three experiments tested whether structural priming is due to error-based learning. Error-based 
learning models (Chang et al., 2006; Jaeger & Snider, 2013) claim that structural priming occurs 
when a comprehender incorrectly predicts upcoming structure. When the predicted structure is 
inconsistent with the actual sentence structure, structural activation is adjusted, resulting in 
priming. This explanation of structural priming contrasts with models that assume that structural 
priming is due to residual activation of the prime structure or of processes involved in producing 
it (Bock, 1986; Pickering & Branigan, 1998; Reitter et al., 2011). 
 Until now, research has focused on verb bias effects, generally showing that the less 
frequently a structure is used with a verb, the more strongly it primes that structure (Bernolet & 
Hartsuiker, 2010; Jaeger & Snider, 2013, but see Ivanova et al., 2013 for counterevidence). This 
is consistent with the idea that less predictable structures prime more strongly. However, it may 
also be explained by residual activation models, assuming that a single prime has a larger effect 
on structures that the language user has rarely encountered (and that therefore have a very low 
baseline activation). We therefore manipulated structural biases in different ways. 
 In Experiments 1 and 2, we used a context manipulation. Participants read aloud PO/DO 
primes (1a-d) followed by a target (2) that they completed. The first clause in the primes 
resulted in either a new-given or given-new order in the PO/DO. According to error-based 
accounts, comprehenders should frequently make prediction errors in primes (1a, 1d) because 
the structure does not have the preferred given-new order, whereas they should predict the 
given-new structures in (1b, 1c) correctly. Therefore, priming should be stronger in (1a, 1d). 
 

PO prime:  {(1a) After the politician was questioned, (1b) After the petition was signed},  
 the activist handed it to the politician. 
DO prime:  {(1c) After the politician was questioned, (1d) After the petition was signed},  
 the activist handed him the petition. 
Target:  (2) The tourist handed … 
 

A pretest with primes cut off after the verb (handed) showed a bias towards PO/DO structures 
with a given-new order. However, contra error-based learning predictions, structural priming 
was no stronger after new-given (13% priming, p < .05) than given-new primes (13%, p < .05) in 
Experiment 1. Experiment 2 showed the same pattern when the pronouns were replaced by full 
noun phrases. 
 In Experiment 3, we investigated prediction biases by manipulating the verb’s tense in 
transitive (1a, 1b) and intransitive (1c, 1d) structures (Van Gompel et al., 2012). 
 

Transitive prime:  When the doctor {(1a) was supervising, (1b) had supervised} the trainees,  
 he was kind. 
Intransitive prime:  When the doctor {(1c) was supervising, (1d) had supervised}, he was kind. 
Target:  Although the teacher {(2a) was supervising, (2b) had supervised} … 
 

A pretest with the primes cut off after the verb (supervising/ed) showed a clear bias 
towards transitive completions after a pluperfect tense (1b, 1d) and an intransitive bias after a 
progressive tense (1a, 1c) (Frazier et al., 2006). In contrast, the structural priming experiment 
showed no tense prediction bias effect: Priming was equally strong regardless of whether the 
prime structure was consistent (28% priming, p < .05) or inconsistent (26%, p < .05) with the 
tense prediction bias. 
 In sum, we found no evidence that prediction errors due to either context or tense biases 
affected structural priming. Instead, the results are more consistent with residual activation 
models, which assume that structural predictability does not affect structural priming. 
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Resolution of ambiguous relative clauses of Turkish L2 speakers of Japanese 
Chunhua Bai & Yuki Hirose (The University of Tokyo) 
chunhuabai@cgcs.c.u-tokyo.ac.jp 
 
Dinçtopal-Deniz (2010) found Turkish learners of English showed high attachment (HA) 
preference compared to two L1 groups (Turkish and English) which showed low attachment (LA) 
preference. However, little is discussed regarding the influence of different syntactic feature on 
sentence processing. Turkish is a head final language which differs from the head initial language 
structurally such as English as shown in sentence (1) 
(1) Birisi [RC balkon-da dur-an] [NPlow aktris-in] [NPhigh hizmetçi-si-ni] vur-du.  

Someone balcony-loc stand-part actress-gen servant-3sg.poss-acc shoot-past   
First, the RC precedes the two possible candidates for its head noun (i.e., RC + NP1-GEN + NP2). 
Second, when the first noun is read, it is the only candidate available for the RC head at this point. 
The head of the entire NP becomes available only after the second NP is read which indicates 
that the order of the input presumably requires reanalysis to achieve the HA interpretation. The 
present study has two goals. The first goal is to investigate the processing bias in the RC 
ambiguous association in Japanese and Turkish by using a set of cross-translated sentences. 
This is the first cross-linguistic study that tests RC-modification ambiguities in two different 
languages with prenominal RCs, using a common set of items. Our second goal is to examine 
whether any differences we find in L2 processing can be explained by differences in the 
comprehenders’ L1 processing biases, thus supporting the idea of transfer of L1 processing bias. 
The results of the questionnaire studies for the two L1 native speaker (NS) groups (JNS and TNS) 
showed that JNSs have a high attachment preference (80%), while TNSs were found to have a 
low attachment preference (14%). The results of the questionnaire study on L2 reading of 
Japanese (28%) showed that TJL (Turkish learners of Japanese) were more likely to choose low 
attachment analysis compared to JNSs (β=3.43, SE=0.52, Z=6.59, P<.01), as like as TNSs when 
reading the Turkish examples (Fig1.), suggesting the attachment preference in L2 learners was 
influenced by learner’s L1 of Turkish. The self-paced reading experiments consisted of three 
conditions: NP1-only, NP2-only, (globally) Ambiguous, as shown in Table 1. The difference among 
the conditions was in the semantic compatibility between the RC and each of the two NPs. Either 
interpretation is semantically plausible in the Ambiguous condition. The NP1only interpretation 
rules out the NP2 (e.g., ‘sister’) as a plausible head noun (e.g., it is not possible for someone’s 
sister to become a father). NP2only condition rules out the NP1 (‘male teacher’) as a plausible 
head (e.g., a male-teacher cannot become a mother). Readers should experience difficulty 
interpreting the NP1only condition at NP2 region (if NP2 is ever considered as a possible RC 
head), resulting in a longer reading time compared to other conditions. On the other hand, reading 
time for the NP1region would be longer in the NP2only condition compared to the other conditions. 
The results on L1 Japanese and Turkish both revealed, the reading time in NP1region was 
significantly longer in the NP2only condition than in the NP1only condition (β= -191, t = 2.87, p 
< .01) (Fig2. & 3.). In the NP2region, the reading time was significantly longer in the NP2only 
condition than in the Ambiguous condition (β= 234.07, t = 2.1, p < .01) and NP1only condition (β= 
-187.8, t = 1.68, p = .09) (Fig2. & 3.). In the region5 (an adverb) (Fig3) for JNS only (but not in the 
reading by TNS), the reading time in the Ambiguous condition was significantly longer than the 
NP2only (β= -44.53, t = 1.79, p = .07) and NP1only conditions (β= -42.74, t = 1.74, p = .08), 
respectively (Fig4.). The observed processing cost associated with globally ambiguous sentences 
suggests that readers do not simply finalize the initial low attachment analysis when they 
encounter the first NP following the RC. The results of the self-paced reading on L2 Japanese 
processing by TJL indicated an initial low attachment preference (Fig5.). The ambiguity 
disadvantage, however, observed in native Japanese (but not in L1 reading by TNS) was found 
in TJL as well, suggesting that the mechanism whereby L2 learners cope with global ambiguities 
may be different from that for L1, but similar to L2 (Fig6.). We will discuss the reason of the lack 
of consistency between the results from two tasks in JNSs and propose theoretical implications 
to various models of sentence processing of L2 learners in the discussion. 
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Fig1. Attachment biases for learners  Fig3. Reading time for entire sentences of TNS 

 
Table1. Material of self-paced reading (Critical regions: 3 & 4) 

Fig2. Reading time for entire sentences of JNS                  Fig4. Reading time at region5 of JNS 

 
Fig5. Reading time for entire sentences of TJL                  Fig6. Reading time at region4 of TJL       

 
Reference 
Dinçtopal-Deniz, N. (2010). Relative clause attachment preferences of Turkish L2 speakers of English. Research in 

Second Language Processing and Parsing, 53, 27.  

condition region1 region2 region3(NP1) region4(NP2) region5 region6 region7 

NP2only 

hahaoya-ni natta danseikyouin-no imoutosan-ha totemo kireida soudesu 

mother become maleteacher-gen sister-top very pretty seem to be 

The sister of the male-teacher who became a mother seems to be very pretty. 

NP1only 

titioya-ni natta danseikyouin-no imoutosan-ha totemo kireida soudesu 

father become maleteacher-gen sister-top very pretty seem to be 

The sister of the male-teacher who became a father seems to be very  pretty. 

Ambiguous 

yumei-ni natta danseikyouin-no imoutosan-ha totemo kireida soudesu 

famous become maleteacher-gen sister-top very pretty seem to be 

The sister of the male-teacher who became well-known seems to be very pretty. 

�

condition region1 region2 region3(NP1) region4(NP2) region5 region6 region7 

NP2only 

hahaoya-ni natta danseikyouin-no imoutosan-ha totemo kireida soudesu 

mother become maleteacher-gen sister-top very pretty seem to be 

The sister of the male-teacher who became a mother seems to be very pretty. 

NP1only 

titioya-ni natta danseikyouin-no imoutosan-ha totemo kireida soudesu 

father become maleteacher-gen sister-top very pretty seem to be 

The sister of the male-teacher who became a father seems to be very  pretty. 

Ambiguous 

yumei-ni natta danseikyouin-no imoutosan-ha totemo kireida soudesu 

famous become maleteacher-gen sister-top very pretty seem to be 

The sister of the male-teacher who became well-known seems to be very pretty. 

�

***    
 
 

n.s.     
 
 

region 1 2 3 (NP1) 4 (NP2) 5 6 7

NP1 only 
father become maleteacher-gen sister-top very smart seem to be

The sister of the male-teacher who became a father  seems to be very smart.

NP2 only
mother become maleteacher-gen sister-top very smart seem to be

The sister of the male-teacher who became a mother  seems to be very smart.

Ambiguou
s

famous become maleteacher-gen sister-top very smart seem to be

The sister of the male-teacher who became well-known  seems to be very smart.

***    
 
 

***    
 
 

***    
 
 

***    
 
 



Not necessarily first language “attrition”: On-line reflexive processing among Mandarin-English late 
bilingual speakers 
Wenjia Cai, Antonella Sorace, Patrick Sturt (University of Edinburgh) & Andrea E. Martin (Max Planck Institute) 
wenjiacai09@gmail.com 
 
During a conversation, tracking and retrieving the reference of pronouns is crucial to fully comprehending the 
speaker’s intention. Pronoun resolution involves linguistic information, real-word knowledge, and general 
cognitive functions [1], and this task appears even more demanding for bilingual speakers whose two languages 
differ in terms of pronominal syntax. Unlike English reflexives, which are always bound within the local domain 
[2], the Mandarin reflexive ‘ziji’ (self) allows both local binding (LOC) and long-distance binding (LD) [3]. When 
‘ziji’ has multiple potential antecedents in the sentence, the ambiguity is resolved either through discourse 
information, or semantic meaning of the verb [4], leaving reflexive-antecedent binding at the syntax-discourse or 
the syntax-semantics interface [5]. Research has shown that interface structures are vulnerable to cross-
linguistic influence, and bilingual speakers in a L2 dominant environment diverge from monolingual speakers in 
their interpretation of pronominal subjects [6]. This L2-induced change in the L1 is called L1 attrition. 

In the current study, we investigated whether Mandarin-English late bilingual speakers show attrition 
effects during on-line reflexive processing, and how is this process affected by language, experience and 
cognitive load. 79 participants, 39 recruited from China (the control group), 40 from the U.K. (the bilingual group), 
participated in the study. Note that participants in the control group only received English education in classroom-
settings; they were not functional bilingual speakers. 25 participants from the bilingual group (retest) were also 
retested 6 months later, to investigate whether their on-line performance is sensitive to length of residence (LoR) 
in the L2 English environment (Table 1). We used a word-by-word speeded comprehension task with two-
alternative forced-choice (2AFC). Using a 2*2 (interface * binding distance) design, we constructed 144 stimuli 
with the structure of “context sentence + target sentence (P-NP1 + VP1 + P-NP2 + VP2 + ziji)” (Table 2). During 
the experiment, sentences were presented word-by-word in a rapid serial visual presentation (RSVP) mode at 
the center of the screen (Figure 1). The presentation rate was 240cpm (characters per minute), which 
encouraged participants to parse the sentence as fast as they could without compromising the comprehension 
[7]. After reading the sentence, participants were asked to answer whether ‘ziji’ referred to the matrix or the local 
subject by button press within 3000ms. Their responses and reaction times to comprehension questions were 
recorded. In addition to the linguistic task, we conducted a battery of cognitive tasks to measure working memory 
capacities (complex span tasks) [8] and cognitive control abilities such as attention maintenance, response 
inhibition and mental shifting (elevator counting tasks from Test of Everyday Attention) [9]. 

We evaluated the effect of group (reference level: control group) and interface (reference level: syntax-
semantics interface) on comprehension accuracy with logistic mixed effects models (GLMM, maximum RE 
structure) [10]. Results showed that pronoun processing at the syntax-semantics interface was more accurate 
than that at the syntax-discourse interface (β = −0.71, z = −4.45***). Post hoc group comparisons with Tukey 
adjustment showed that short-term bilinguals were more accurate in the retest than they were 6 months earlier 
(β = 0.23, z = 3.31**) (Figure 2). In addition, we found a positive correlation between the Elevator Counting task 
with interference, designed to measure response inhibition, and comprehension accuracy: participants with 
better inhibition control were more accurate when processing reflexives on-line (β = 0.25, z = 5.76***). We also 
found a positive correlation between the Symmetry span task, which was designed to measure spatial working 
memory, and comprehension accuracy: participants with better spatial working memory were also more accurate 
in the comprehension task (β = 0.06, z = 2.98**).  

We also evaluated the effect of group and distance (reference level: LOC) on reaction time with linear 
mixed effects models (LMM; maximum RE structure) [10]. Results showed that participants took longer time to 
process long-distance binding than they did for local binding (β = 99.56, t = 3.22**), replicating the “locality effect” 
found in previous studies [11]. In addition, participants in the control group were slower than those in the bilingual 
group (β = -140.38, t = 2.16*); post hoc group comparisons with Tukey adjustment revealed that the bilingual 
group were faster in the retest than they were 6 months ago (β = -64.35, z = -5.56***) (Figure 3). Results from 
the Elevator counting tasks with reversal and the Symmetry span task negatively correlated with reaction time 
(β = -35.72, t = -5.06***; β = -11.27, t = -3.35***), indicating that participants with better mental shifting abilities 
and larger spatial working memory establish reflexive-antecedent binding more efficiently. 

In contrast to other work showing a bilingual disadvantage in linguistic tasks [12], we showed that during 
on-line reflexive processing, where one must inhibit irrelevant reflexive-antecedent mappings, retrieve and 
integrate changing context information to the representation, bilingual speakers have higher accuracy and 
shorter reaction time than their non-bilingual peers. Significant correlations between cognitive tasks and the 
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linguistic task suggest that general cognitive functions, such as working memory and attention control, play a 
significant role during on-line processing, especially when the comprehension demands are high.  
 
Table 1 Participants’ profiles; mean (standard deviation) 
 

 
 
 
Table 2 Stimuli structure and examples; words underlined appeared on the same frame in the speeded presentation 
 

 

 

 
Figure 1                                                                                                  Figure 2                                                            Figure 3 
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ERP evidence for long-distance lexical predictions in German particle verb constructions
Kate Stone, Shravan Vasishth, Titus von der Malsburg (University of Potsdam)
stone@uni-potsdam.de

ERP evidence suggests that features of up-coming words are pre-activated when the context is
constraining [1-7, cf. 8]. It is unclear, however, under which circumstances this pre-activation leads
to a specific lexical prediction, i.e. the selection of just one lexical entry which is then integrated into
the sentence interpretation ahead of time. German particle verb constructions are ideally suited for
investigating this question. In these constructions, a base verb occurs in second position (V2 word
order) whereas a particle that gives the verb its full meaning remains in sentence-final position
(see example on page 2). Unlike in English, there can be an almost arbitrary amount of material
between the base verb and the particle. Lexical prediction of the particle can therefore facilitate
incremental sentence interpretation by giving early access to verb semantics.

To investigate whether such long-distance lexical predictions are being made, we used sen-
tences that either constrained the set of plausible particles to just one (condition a) or to a small set
of two or more highly plausible particles of which just one was shown (c). In addition, we used two
violation conditions (b, d) where the presented particle was not compatible with the context. We
hypothesized that the parser would more likely commit to a lexical prediction when there was only
one high-cloze particle (low entropy, a and b) than when there were multiple high-cloze particles
(high entropy, c and d). Any ERP differences in (a) vs. (c) could be due to differences in cloze
probability. We therefore focused on the violation conditions (particle cloze = 0) and predicted that
a violation would cause greater difficulty (indexed by an N400 effect) in the presence of a specific
lexical prediction (b), than when a commitment presumably had not been made (d). This prediction
and the experimental design were pre-registered on OSF.

Methods: EEG was recorded from 50 participants with 44 target items and 62 filler sentences. A
norming study showed that cloze probability of particles in (a) was 90% and the difference between
the top two particles (when two were given) was 74%. In (c), cloze probability was 73% and the
top-two difference 29%. ERPs were analyzed using Bayesian LMMs that modeled by-trial mean
amplitude. A sanity check established that violations elicited the expected N400 and P600 effects
(b/d vs a/c). The N400 prediction was tested at electrode Pz in the window 250-500 ms. To test for
late positivities which follow N400 effects in some studies of context-based word predictability [9],
an additional analysis was conducted in the window 600-900 ms at electrode Cz.

Results: Contrary to our prediction, there was no indication of an N400 difference between
the two violation conditions (b vs d, �̂ = �0.25µV , CrI = [�1.21, 0.72]µV , Pr(� < 0) = 0.71, see
Fig. 1). This result on its own could be interpreted as suggesting no lexical prediction of distant
verb particles. However, as shown in Fig. 2, we found an effect in the time window 600-900 ms: a
more positive-going amplitude in the violation condition with just one plausible particle (b) than in
the violation condition with two or more plausible particles (d) (�̂ = 0.96µV , CrI = [�0.20, 2.11]µV ,
Pr(� > 0) = 0.95, see also Fig. 3).

Conclusions: Late positive components have been observed for anomalous words in strongly
constraining contexts [9]. They are thought to reflect attempts at reanalysis, revision, and repair,
depending on their topography [7,10]. We propose that in the 1-particle condition (b), a lexical
prediction was triggered and a richer mental representation of the sentence built before the particle
was seen. This representation then had to be overhauled or discarded once the violating particle
was encountered and the late positivity reflects this cost. To establish the reliability of our findings,
we are currently preparing a pre-registered replication with high statistical power. Tentatively, we
conclude that German native speakers make long-distance lexical predictions if constraint is not
just high but also strongly favors a single lexical item.
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(1)
Die gemeine Bande hing dem unschuldigen Mann eine schreckliche Straftat völlig skrupellos

(a) an, ...
(b) *nieder, ...

The nasty gang blamed the innocent man of a terrible crime completely without scruple [particle]

Die gemeine Tante hing das schreckliche Porträt von ihrem Mann völlig skrupellos
(c) ab (auf), ...
(d) *nieder, ...

The mean aunt hung the terrible portrait of her husband completely without scruple [particle]

Figure 1: ERPs elicited by violation particles.
Shaded is the pre-registered N400 analysis win-
dow.

Figure 2: Shaded is the analysis window of the
late positivity.
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Figure 3: Topographical plot of condition (b) mi-
nus condition (d), 600-900 ms.

References: [1] Wicha et al. (2004) J Cogn Neurosci [2] Van Berkum et al. (2005) J Exp Psych [3] De Long
et al. (2005) Nat Neurosci [4] Otten & Van Berkum (2008) Discourse Processes [5] Szewczyk & Schriefers
(2018) Lang, Cogn, Neurosci [6] Ito et al. (2018) AMLaP Proceedings [7] Kuperberg & Wlotko (2018) bioRxiv
[8] Nieuwland et al. (2018) eLife [9] Van Petten & Luka (2012) Int J Psychophys [10] De Long et al. (2014)
Neuropsychologia
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3DWVRQ��#RVX�HGX��
�
:KHQ�SOXUDOV�DUH�LQWURGXFHG�LQWR�WKH�GLVFRXUVH��D�QXPEHU�RI�LQIRUPDWLRQ�JDSV�H[LVW��)RU�
H[DPSOH��ZKHQ�D�VSHDNHU�XWWHUV�WKH�VHQWHQFH��There are flowers on the table��LW�LV�XQFOHDU�KRZ�
PDQ\�IORZHUV�H[LVW�DQG�KRZ�WKRVH�IORZHUV�PLJKW�EH�VSDWLDOO\�GLVWULEXWHG�RQ�WKH�WDEOH��H�J���
EXQFKHG�YV��VFDWWHUHG��3DWVRQ���������*LYHQ�WKDW�FRPSUHKHQGHUV�RIWHQ�FUHDWH�GHWDLOHG�
FRQFHSWXDO�UHSUHVHQWDWLRQV�RI�OLQJXLVWLF�FRQWHQW��H�J���=ZDDQ�HW�DO����������FRPSUHKHQGHUV�PD\�
LQFRUSRUDWH�RWKHU�VRXUFHV�RI�LQIRUPDWLRQ��VXFK�DV�JHVWXUHV��LQWR�WKHLU�UHSUHVHQWDWLRQV�WR�ILOO�WKRVH�
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HVSHFLDOO\�ZKHQ�WKRVH�JHVWXUHV�FRQYH\�DEVWUDFW�DQG�VSDWLDO�LQIRUPDWLRQ��+RVWHWWHU���������
%HFDXVH�SOXUDO�UHSUHVHQWDWLRQV�DUH�DEVWUDFW�DQG�LQFOXGH�VSDWLDO�GLPHQVLRQV��JHVWXUHV�PD\�
LQIOXHQFH�WKHP��

7KH�FXUUHQW�VWXG\�IRFXVHV�RQ�WKH�SDXFDO��L�H���D�IHZ��YHUVXV�QRQ�SDXFDO��L�H���D�ORW��
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SDXFDO�UHSUHVHQWDWLRQV�RI�WKH�SOXUDO�ZKLOH�ODUJH�JHVWXUHV�PD\�HYRNH�QRQ�SDXFDO�UHSUHVHQWDWLRQV�
RI�WKH�SOXUDO��spatial information hypothesis���
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UDWHG�DV�HTXDOO\�QDWXUDO�E\����SDUWLFLSDQWV�ZKR�GLG�QRW�SDUWLFLSDWH�LQ�WKH�FXUUHQW�VWXG\��$IWHU�
ZDWFKLQJ�WKH�YLGHR��SDUWLFLSDQWV�VDZ�WZR�SLFWXUHV��ZKLFK�GHSLFWHG�HLWKHU�D�VPDOO�RU�ODUJH�QXPEHU�
RI�REMHFWV�GHVFULEHG�LQ�WKH�VHQWHQFH��H�J���FXSFDNHV���3DUWLFLSDQWV¶�WDVN�ZDV�WR�VHOHFW�WKH�SLFWXUH�
WKDW�EHVW�UHSUHVHQWHG�WKH�VSHDNHU¶V�LQWHQGHG�PHDQLQJ��7KHUH�ZHUH�D�WRWDO�RI����LWHPV��FRXQWHU�
EDODQFHG�DFURVV�WZR�OLVWV��$OO�SDUWLFLSDQWV�VDZ�WKH�VDPH����ILOOHUV��
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DQG�SUHIHU�ODUJH�SLFWXUHV�DIWHU�ODUJH�JHVWXUHV���
5HVXOWV��7KH�SURSRUWLRQ�RI�WULDOV�LQ�ZKLFK�SDUWLFLSDQWV�FKRVH�WKH�SLFWXUH�FRQVLVWHQW�ZLWK�WKH�VL]H�
RI�WKH�JHVWXUH�ZDV�FRPSXWHG��$�ORJLW�UHJUHVVLRQ�FRQILUPHG�WKDW�WKH�ODUJH�JHVWXUH�OHG�WR�PRUH�
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Number Sense��+RVWHWWHU���������3V\FK�%XOOHWLQ��3DWVRQ���������/DQJ��	�/LQJ��&RPSDVV��3DWVRQ���������-(3�/0&�
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Grammaticized resumption in sentence processing: Disrupting rather than facilitating 
Maayan Keshev, Mor Ovadia, Hila Davidovich & Aya Meltzer-Asscher, Tel-Aviv University 

Resumptive pronouns (RPs), pronouns appearing at the tail of filler-gap dependencies, have 
attracted much attention in the linguistic literature. Many share the intuition that their 
distribution (in grammaticized and intrusive RP languages alike) is associated with sentence-
processing costs and that they provide a tool for facilitation of such a load, and in particular 
for aid in retrieving an inaccessible filler (Ariel, 1999; Erteschik-Shir, 1992; Hawkins, 1999; 
among others). However, much experimental data collected in recent years was found to be 
incompatible with the notion that RPs facilitate processing, cross-linguistically (Alexopoulou 
& Keller, 2007; Meltzer-Asscher et al., 2015; Polinsky et al., 2013). Previous experimental 
studies of grammaticized resumption in Hebrew exhibited that such pronouns disrupt 
processing when they are optional, due to their redundancy (Fadlon et al., 2018). In the 
current study we further explore whether RPs aid retrieval of the filler in Hebrew.   

Experiments 1 and 2 investigate the processing of Hebrew RPs within PPs, where they 
are obligatory, and test interference by a non-filler antecedent in an "agreement attraction" 
manipulation. We exhibit that even when RPs are obligatory, the resumptive interpretation of 
the pronoun does not take precedence over reference to a non-filler antecedent, resulting in 
interference. We observed two distinct patterns of interference effects (Figure 1). In the first 
experiment (32 participants; 32 sets + 48 grammatical filler sentences), where a matching 
distractor intervened between the filler and the RP, an inhibitory effect (p = .03) was 
observed in grammatical sentences (i.e. slower RTs when the both the distractor and the 
filler matched the RP). In the second experiment (48 participants; 32 sets + 48 grammatical 
filler sentences), when filler-distractor order was reversed, a significant faciliatory effect (p = 
.01) was observed in ungrammatical sentences (i.e. faster RTs when the distractor matched 
the RP). This suggests that RPs always introduce ambiguity (i.e. may be interpreted as 
regular pronouns) and thus potentially disrupt the retrieval of the filler, rather than aid in it. 

In addition, in a different experiment (160 participants; 8 sets + 24 grammatical filler 
sentences), we addressed the question of whether RPs aid retrieval by using center 
embedding sentences, in which successful retrieval routinely fails. Participants rated the 
complexity of sentences of four conditions manipulating (i) the distinctiveness of the φ-
features on the three subject NPs and (all identical vs. all different) (ii) the occurrence of 
RPs. Results revealed resumption did not significantly affect comprehensibility. Furthermore, 
the advantage of φ-features distinctiveness was observed only in the absence of resumption 
(interaction p = .03, Figure 2). This suggests that RPs are unable to aid in recovering a 
constituent which is unavailable in working memory (in situations of high complexity). 
Moreover, resumption cancels out the advantages of distinct agreement, thereby decreasing 
the comprehensibility of the sentence. The 'missing V2' illusion (the observation that center 
embedding is better accepted when only two of the verbs appear, Frazier, 1985; Gibson & 
Thomas, 1999) can shed light on these findings. One account for this observation (Gibson & 
Thomas, 1999) suggests that in such cases one of the dependencies is compromised, thus 
concealing the processing difficulty. In a similar vein, our results can suggest that in addition 
to not aiding in resolving the dependencies, resumption also blocks the option to neglect one 
of the dependencies, leading to increased ratings of complexity.  

To conclude, the results suggest that both in simple sentences and in high working 
memory load cases, RPs are not used to support the comprehension or parsing of long-
distance dependencies in Hebrew (and possibly in other grammaticized resumption 
languages).   
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Figure 1. Materials and results of Experiments 1-2. Error bars mark +/-1 SE; * represernts p 
< .05;     represents p < .10; Analysis was conducted with a linear mixed-model regression.  

 

 

 

 

 

 

 

 

 

Figure 2. Materials and results of Experiment 3. Error bars mark +/-1 SE; * represents p < 
.05;     represents p < .10; Analysis was conducted with a linear mixed-model regression. 
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Agreement attraction effects in the comprehension of grammatical sentences 
Anna Laurinavichyute (Higher School of Economics, Moscow; University of Potsdam), 
Titus von der Malsburg (University of Potsdam; MIT) 
anna.laurinavichyute@uni-potsdam.de  
 
Agreement attraction errors are known to ease the processing of ungrammatical sentences,            
such as The key to the cabinets are rusty[1]. However, there is only scarce evidence suggesting                
that agreement attraction can also have the reverse effect in grammatical sentences such as              
The key to the cabinets is rusty, i.e. cause a slowdown at the verb due to erroneous                 
representation of subject number effectively leading to an ungrammaticality illusion. The           
majority of studies haven’t found any evidence for such effects, and most of those which did had                 
design confounds. As a result, agreement attraction effects in comprehension have been            
attributed to faulty repair processes triggered only in ungrammatical sentences.[2] Here we            
investigate the alternative that attraction effects are present in grammatical sentences as (1b),             
but masked by an interference effect in the control condition (1a). According to cue-based              
parsing theories[3] and the encoding interference account[4], inhibitory interference in (1a) arises            
due to the attractor matching the head noun's number feature [5] which leads to a slowdown at                
the verb. Therefore, if the interference effect and the attraction effect are similar in size, they                
might cancel out. We conducted three high-power preregistered online experiments that aimed            
to attenuate the potentially confounding interference effect so that agreement attraction effects            
could surface. In each experiment, we selected attractor nouns that were either semantically             
compatible (a,b) or incompatible (c,d) with the verb hence manipulating the amount of             
interference. 

In three experiments, 16 items were tested in a 2x2 design manipulating semantic and              
number match/mismatch between the verb and the attractor noun. Participants each read a             
single experimental sentence (thus preventing adaptation to the stimuli and strategic effects) in             
an online self-paced reading paradigm. Bayesian LMMs were used for the analysis. Spill-over             
from the attractor noun was statistically controlled in Experiments 1 and 3 by adding the reading                
time on the pre-critical word as a covariate in the model for reading times on the critical word [6]. 

Experiment 1 (N=4296) showed a main effect of attraction on the critical verb (CrI: [0.3 ms,                
54 ms], P(β > 0) = 97.6%) but no evidence for an effect of semantic interference or an                  
interaction. Experiment 2 (N=3920) introduced long parentheticals with 4 to 6 words (see 2)              
between the attractor noun and the verb. We found a reliable interaction in the region following                
the verb: There was an inhibitory effect of attraction in semantic match conditions (1b vs. 1a,                
CrI: [4.1 ms, 62.6 ms], P(β > 0) = 98.6%), but not in semantic mismatch conditions. Experiment                 
3 (N=3600) probed for grammatical attraction in object relative clauses with 3 words intervening              
between the attractor noun and the verb (see 3). Again we observed a inhibitory main effect of                 
attraction on the critical verb (CrI:[7.8 ms, 70.6 ms], P(β > 0) = 99%).  

None of the experiments supports the idea that agreement attraction in grammatical            
sentences is masked by inhibitory interference in the control condition - in fact, no interference               
effects were observed in any of the experiments. Instead, all three experiments provide             
evidence for agreement attraction (ungrammaticality illusion) in configurations where it has not            
been convincingly demonstrated in previous studies. We suggest that the single-trial design was             
critical for observing these effects: Participants were not exposed to ungrammatical sentences            
and did not adapt over the course of the experiment. Taken together, these results suggest that                
attraction effects do cause ungrammaticality illusion in normal sentence processing and           
therefore can not be attributed to repair mechanisms alone. 
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(1) a. The admirer of the singer    supposedly thinks  that  ...  
b. The admirer of the singers   supposedly thinks  that  ...  
c. The admirer of the play        supposedly thinks  that  ...  
d. The admirer of the plays      supposedly thinks  that  ...  

...the show was a big success. 
 
(2) a. The admirer of the singer, according to the Daily Mail, supposedly thinks  that  ...  

b. The admirer of the singers, according to the Daily Mail, supposedly thinks  that  ...  
c. The admirer of the play, according to the Daily Mail, supposedly thinks  that  ...  
d. The admirer of the plays, according to the Daily Mail, supposedly thinks  that  ...  

...the show was a big success. 
 
(3) a. The singer that the actor openly admires  apparently … 

b. The singers that the actor openly admires  apparently … 
c. The play that the actor openly admires  apparently … 
d. The plays that the actor openly admires  apparently ... 

...received some harsh criticism. 
 

 

Mean reading times and 95% confidence intervals across conditions. 

 

[1] Pearlmutter, N. J., Garnsey, S. M., & Bock, K. (1999). Agreement processes in sentence comprehension. JML, 41(3), 427-456. 
[2]Wagers, M. W., Lau, E. F., & Phillips, C. (2009). Agreement attraction in comprehension: Representations and processes. JML, 
61(2), 206–237. [3]Lewis, R. L., & Vasishth, S. (2005). An activation-based model of sentence processing as skilled memory 
retrieval. CogSci , 29(3), 375-419. [4]Oberauer, K., & Kliegl, R. (2006). A formal model of capacity limits in working memory. JML, 
55(4), 601-626. [5]Nicenboim, B., Vasishth, S., Engelmann, F., and Suckow, K. 2018. “Exploratory and Confirmatory Analyses in 
Sentence Processing: A Case Study of Number Interference in German.” CogSci  42: 1075–1100. [6]Vasishth, S. (2006). On the 
proper treatment of spillover in real-time reading studies: Consequences for psycholinguistic theories. In Proceedings of the 
International Conference on Linguistic Evidence. 



Toward a Process-Memory Account of Non-native Sentence Processing 
Neuronal oscillations at different frequencies subserve parsing needs: gamma band 

(30+Hz) for neuro-prediction, theta band (4-7Hz) for information unification, and beta band (12-
30Hz) for network dynamics (maintaining or changing the current mode of processing; Lewis et 
al., 2015; Lewis et al., 2016). Such activity is either evoked, likely indicating formation of a 
neuronal assembly focused on the stimulus, or induced, tracking interactions within and between 
processing regions (Bastiaansen & Hagoort, 2003). We investigate both types of activity as wh-
expressions with distinct syntactic and semantic characteristics are predicted in real time 
processing at an interclausal bridge to belong to a coming embedded clause in stimuli like (1a-c).  

24 native speakers (NSs) and 22 advanced L1-English non-native speakers (NNSs) of 
French completed an RSVP task (300ms/word, 250ms/ISI) involving NP-modifier (Mod; le 
concernant ‘regarding him’) and N-complement (Comp; à propos de lui/à son sujet ‘about him’) 
structures. Mod and Comp structures involve distinct anaphora resolution mechanisms—namely: 
coreference and binding, respectively (Freidin, 1986; Lebeaux, 1988; Chomsky, 1993). A first 
manipulation (M1) examined the (im)possibility of anaphoric valuation for Mod vs. Comp as a 
matrix-clause subject matches the pronoun in gender (1a, b) or not (1aƍ,bƍ) at the bridge between 
clauses. A second manipulation (M2) examined anaphora resolution through a semantic 
distinction in interpreting pronouns as free variables (coreference) with Mod (1a) or as bound 
variables with Comp in (1b,c) under different syntactic constraints on binding domains imposed 
by the morphosyntax of son ‘gen 3p’ (1c) and lui ‘him-masc’ (1b). 

EEG was recorded on a 64-electrode EGI system. For ERP analysis, average amplitudes 
with a 50ms baseline for dit ‘said’ and que ‘that’ (Phillips et al., 2005) were compared over four 
regions (Fiebach et al., 2002; Fig1). For event-related spectral perturbations (ERSP), a baseline 
[-750, -50]ms before onset of bridge dit que ‘said that’ was averaged across trials. Baseline and 
bridge were convolved with a Morelet wavelet function with a width of 7 cycles. The same analysis 
was applied to the ERP data in the same time interval. Subtracting the ERP power from the total 
power yielded induced power. Cluster-based non-parametric permutation tests were performed 
in 1Hz steps from 4-40Hz. Contiguous frequencies with significant clusters were combined. 

For ERPs, effects were robust in NSs but only marginal in NNS. For ERSPs, there were 
population wide effects in evoked power in M1: Greater Mod-Comp power differences in mismatch 
(1aƍ vs bƍ) vs. match (1a vs b) conditions were found at dit ‘said’ in the gamma band (Fig2), 
suggestive of neuroprediction of an embedded-clause dependency. These differences carried 
into the theta rhythm as que ‘that’ confirms the prediction (Fig3), indicating unification. Population 
wide beta band effects obtained in M2: In evoked power, greater differences were found for the 
binding-domain distinction (1b vs c; Fig4) than for the free vs. bound-variable distinction (1a vs 
c), whereas in induced power, greater differences were found for the free vs. bound-variable 
distinction (1a vs c; Fig5) than for the binding-domain distinction (1b vs c). Group differences also 
emerged, with greater power differences for NNSs in the theta band in M1 and M2. This effect 
suggests effort dedicated to retaining representations as the embedded clause unfolds in NNSs. 
In M1, a group difference also appeared in the beta band with greater evoked power differences 
between Mod and Comp structures (1a+aƍ vs b+bƍ) in NNSs at dit ‘said’ (Fig6) but greater induced 
power at que ‘that’ in NSs (Fig7). This signals differential management of the processing mode of 
the language network between NS and NNSs. Finally, M2 also revealed a beta band interaction: 
Greater binding domain (1b vs c) (syntactic) distinctions were found in evoked power and greater 
free vs. bound-variable (1a vs c) (semantic) distinctions in induced power in NSs only. 

This neurocognitive oscillatory activity supports a process-memory architecture in NSs 
and NNSs: structures are quickly generated in prediction, retained, and integrated with incoming 
input while the sentence-meaning representation is determined by harmonizing information 
across processors. Greater structural vs interpretive distinctions in evoked vs induced power 
differences link evoked and induced activity to input capture and network synchronization. NNS 
network management may focus on input structuring at the expense of structure interpretation. 
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(1.) a/aƍ. Quelle décision le concernant est-ce que Paul/Lydie a dit que Lydie/Paul avait rejetée  
             sans hésitation?  
 b/bƍ��Quelle décision à propos de lui est-ce que Paul/Lydie a dit que Lydie/Paul avait  
     rejetée sans hésitation? 
 c/cƍ. Quelle décision à son sujet est-ce que Paul/Lydie a dit que Lydie/Paul avait rejetée  
             sans hésitation? 
 ‘Which decision regarding/about him did Paul/Lydie say that Lydie/Paul had rejected  
      without hesitation?’  
 
 
 
 
 
 
 
 
 
 

Fig1. ERP Regions of interest.      Fig2. M1: Evoked power: [1a-1b < 1aƍ-1bƍ] at dit ‘said’ at  
              34-40Hz, clusterstat = -525.13, p = .007 
           

Fig3 (Left). M1: Evoked power: 
[1a-1b < 1aƍ-1bƍ] at que ‘that’ at 6Hz, 
clusterstat = -2117.2, p = .004 

   
 
 
 
      

Fig4 (Left). M2: Evoked power: 
Binding domain effect [1b – 1c 
> 1a – c] at dit ‘said’ at 19-21Hz, 
 clusterstat = -520.962, p = .02 

 

        Fig5 (Right). M2: Induced  
           power: Free vs. bound  
           variable effect [1a – 1c >  
           1b – 1c] at que ‘that’ at 15-16   

Hz, clusterstat = .001, p =.007 
 
           
 
 
 
 
 
 
 

Fig6 (Above). M1: Evoked power:  
Group effect [NNS > NS] at dit ‘said’ at 18-20Hz, 

     clusterstat = -916.11, p = .008 

 

Fig7 (Above). M1: Induced power: 
Group effect [NS > NNS] at que 
‘that’ at 15-21Hz, clusterstat = 
1932.1, p = .002 

 
 



Individual differences in second language learning via syntactic priming: 
examining proficiency, attention and motivation 

Marion Coumel, Katherine Messenger & Ema Ushioda (University of Warwick) 
m.coumel@warwick.ac.uk 

Recent psycholinguistic models identify syntactic priming as a possible mechanism 
underlying sentence processing and implicit error-based acquisition of syntax in first1 and 
second (L2) language learners2. They predict that priming effects will lead to long-lasting 
changes in speakers’ knowledge and use of syntactic structures. Such learning is hypothesized 
to depend on learners’ learning rate1 which may vary with individual differences in proficiency, 
attention and motivation, factors that are particularly relevant to second language acquisition3,4. 
Additionally, they predict stronger priming effects in learners whose linguistic representations 
are still developing and thus more prone to errors than in native speakers. 

To test these predictions, we used a picture description task with a confederate5 to 
compare English L2 French learners’ and French native speakers’ primed production of two 
alternations: Study 1 tested a typical syntactic alternation - active/passive sentences6 (Fig.1) 
and Study 2 tested priming of word order- fronted/non-fronted adverbial phrases7 (Fig.2). We 
measured the likelihood of participants repeating a syntactic structure immediately after a prime 
(immediate priming), the likelihood of participants continuing to use target structures in post-
priming tests without primes relative to pre-priming tests (long-term priming) and the increase in 
target structure production as a function of previously experienced target structures (cumulative 
priming). We examined the relationship between priming effects and learners’ individual 
differences in proficiency, attention and motivation as assessed through questionnaires 
commonly used in the L2 literature8, 9, 10.   

The pre-test data suggest that speakers dispreferred passive (Fig.3) and fronted 
sentences (Fig.4) therefore we analyse the effects of priming on these forms. Learners and 
native speakers showed long-term and cumulative priming for both passive and fronted 
sentences whereas immediate priming was only observed for the latter. There was no 
interaction between group and priming in any of the two studies although in overall, learners 
produced more passives than native speakers in Study 1. Learners with higher proficiency were 
more likely to show priming for both structures. Attention, defined as participants’ noticing of the 
syntactic forms used in the stimuli9, increased learners’ likelihood of being primed on fronted 
sentences only. For native speakers, attention increased their likelihood of being primed on 
passives only. Learners’ motivation did not affect syntactic priming for either structure. 

In line with implicit learning accounts of syntactic priming1, L2 French learners, like 
native speakers, showed long-term effects of syntactic priming on their production of passive 
and fronted sentences. However, in contrast to the predictions of these accounts, we did not 
observe stronger priming in learners than in native speakers; such interactions may only arise 
when native speakers’ priming is weak11. Furthermore, within the learners’ group, those with 
greater proficiency were in fact more likely to show priming. These findings are in line with 
another model of priming for language learners12 whereby participants start with lexically-
specific syntactic representations and only develop abstract, primeable representations as 
proficiency increases. For attention, our results suggest that syntactic complexity may modulate 
its effect on syntactic priming: in learners, noticing affected priming of easy structures (fronted 
sentences) whereas in native speakers, noticing affected priming of difficult structures (passive 
sentences) that they did not spontaneously produce. We attribute the absence of a motivation 
effect to a possible recruitment bias since all participants had high motivation scores.  

A follow-on study will explore whether lexical repetition modulates the effect of 
proficiency, attention and motivation on syntactic priming. We predict that lexical overlap will 
attenuate the effect of proficiency 12 but increase the effect of attention on syntactic priming. We 
expect lexical overlap not to affect the relationship between motivation and syntactic priming.  
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Study 1      Study 2 
Figure 1. Example active/passive item.  Figure 2. Example fronted/non-fronted item. 

      
A: La serveuse frappe le clown       F: Au printemps, le cowboy porte une chemise 
A: The waitress is kicking the clown                      In spring, the cowboy wears a shirt 
P: Le clown est frappé par la serveuse       NF: Le cowboy porte une chemise au printemps 
P: The clown is being kicked by the waitress           The cowboy wears a shirt in spring 
 
 
Figure 3. Passive responses across phases  Figure 4. Fronted responses across phases  
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Quantifiers, restrictors, and illusory NPI licensing 
Luis Hildebrandt-Belmont & E. Matthew Husband (University of Oxford) 

matthew.husband@ling-phil.ox.ac.uk  
 

To be grammatically acceptable, Negative Polarity Items (NPIs) like ever must be licensed by 
downward entailing operators (negation, only, etc.) occurring in structurally accessible 
configurations. Psycholinguistic research, however, has found that the presence of a licensor in 
a structurally inaccessible configuration can lead to an illusion of grammaticality (Parker & Phillips, 
2016; Vasishth, et al., 2008). The source of this illusion has been the subject of recent debate. 
One hypothesis is that structurally inaccessible licensors are incorrectly retrieved as part of a 
noisy cue-based memory retrieval process. Alternatively, these illusions may reflect issues in the 
application of semantic/pragmatic processes (Xiang, Dillon, & Phillips, 2009; Xiang, Grove, 
Giannakidou, 2013). 

NPI licensing by universal quantifiers like every offer an interesting but unexplored testing bed 
for these two hypotheses. An NPI that surfaces in the restrictor of a universal quantifier as in (1a) 
is licensed as this is a downward entailing environment (Ladusaw, 1980). The scope of a universal 
quantifier, however, is not downward entailing and therefore cannot license NPIs (1b). Thus 
licensing NPIs via universal quantifiers require the parser to pay close attention to the structural 
position of the NPI with respect to the restrictor and scope of a universal quantifier, a process that 
may be error prone given what we know about the delicacy of real-time NPI licensing in general. 

We first examined whether illusory NPI licensing occurs with universal quantifiers when an NPI 
surfaces outside the quantifier’s restrictor using speeded acceptability judgments (36 participants, 
48 items per study). Study 1, (2a), found illusory licensing of ever outside of the restrictor of the 
universal quantifier every. Study 2, (2b) found no illusory effect for the existential quantifier some, 
suggesting that the illusory licensing in Study 1 was driven specifically by universal quantifiers, 
and not the presence of a quantifier more generally. 

While the illusory licensing found in Study 1 is consistent with a faulty memory retrieval 
account, we hypothesized that this illusion results from difficulty in identifying the extent of the 
universal quantifier’s restrictor. In out-of-the-blue contexts, quantifiers like every identify their 
restrictor sentence-internally. We hypothesized that the addition of modifiers to the quantified 
subject would allow the parser to rapidly identify the extent of the quantifier’s restrictor prior to 
parsing the NPI by providing a suitable contrast set, thus reducing the illusory effect. However, if 
illusory NPI licensing is driven by faulty memory retrieval then we expect illusory licensing to 
persist regardless of manipulations affecting the identification of the quantifier’s restrictor.  

We conducted two further speeded acceptability studies to examine these hypotheses. Study 
3 introduced a pre-nominal modifier into the quantifier’s restrictor, (3a), and Study 4 introduced a 
post-nominal relative clause into the quantifier’s restrictor, (3b). No illusory licensing effect was 
found in either study. These results suggest that the addition of a modifier allowed for rapid 
identification of the quantifier’s restrictor. Having established the extent of the quantifier’s 
restrictor, the parser was able to more easily reject the NPI as unlicensed. 

Taken together, these results provide further evidence that illusory NPI licensing can be driven 
by semantic processes. When the extent of a universal quantifier’s restrictor is uncertain, the 
parser may temporarily license a structurally unlicensed NPI. Interestingly, no illusory effect was 
found in offline acceptability judgments versions of Studies 1 and 2, suggesting that the illusion 
of grammatically driven by universal quantifiers is short lived. Further research is planned to 
investigate the timing of this temporary illusory effect using online methods. 
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(1) a. Every [RESTRICTOR student [who has ever come to class] ] [SCOPE has received a good mark ]. 
b. Every [RESTRICTOR student [who has come to class] ] [SCOPE has *ever received a good mark ]. 
 

Example Stimuli (3 [No v. The v. Q] x 2 [No NPI v. NPI]) 
(2) a. No/The/Every journalist has (ever) been recognized for his online contributions. 

b. No/The/Some journalist has (ever) been recognized for his online contributions. 
(3) a. No/The/Every newspaper journalist has (ever) been recognized for his online  

contributions. 
b. No/The/Every journalist who was published on the website has (ever) been recognized 

for his online contributions. 
 

Table 1: Mean acceptability by condition 
  No NPI NPI 
  No The Q No The Q 
Study 1 Every 90.7% 92.1% 89.9% 91.8% 13.4% 21.1% 
Study 2 Some 90.8% 94.1% 77.6% 95.0% 20.4% 19.8% 
Study 3 Every + pre-mod 90.2% 88.7% 84.2% 86.2% 18.5% 23.4% 
Study 4 Every + post-mod 68.9% 73.2% 72.3% 67.8% 21.3% 27.2% 

 
Table 2: Summary of study results (significant effects in bold) 
  NPI_Q – NPI_The z p 
Study 1 Every 7.66% 2.229 .026 
Study 2 Some -0.65% -0.161 .872 
Study 3 Every + pre-mod 4.92% 1.231 .218 
Study 4 Every + post-mod 5.94% 1.394 .163 

 
Selected References. Ladusaw, W. A. (1979). Negative polarity items as inherent scope 
relations. Ph.D. Dissertation, University of Texas at Austin. Parker, D., & Phillips, C. (2016). 
Negative polarity illusions and the format of hierarchical encodings in memory. Cognition, 
157:321-339. Vasishth, S., Brüssow, S., Lewis, R. L., & Drenhaus, H. (2008). Processing 
Polarity: how the ungrammatical intrudes on the grammatical. Cognitive Science, 32, 685-712. 
Xiang, L., Dillon, B., & Phillips, C. (2009). Illusory licensing effects across dependency types: 
ERP evidence. Brain and Language, 108, 40-55. Xiang, M., Grove, J., & Giannakidou, A. 
(2013). Dependency dependent interference: NPI interference, agreement attraction, and global 
pragmatic inferences. Frontiers in Psychology.  



Online processing and interpretation of verb phrase ellipsis 
Kathleen Hall & Masaya Yoshida (Northwestern University) 
KathleenHall2018@u.northwestern.edu 
Introduction: In (1), the VP-Ellipsis site (VPE-site) can be interpreted as [VP punish him (=Bill)] 
(the Strict reading), or as [VP punish herself (=Susan)] (the Sloppy reading) ([1]). 
(1) Bill punished himself and Susan did [VP ø ] too. 
(1)a./b. ...Susan did [VP punish him_Bill]/[VP punished herself_Susan] too.  
During online sentence processing, it is unclear whether both of the readings are equally 
available, or if a preference exists for one of the readings. If there is any preference, what 
governs such a preference? Results from an eye tracking while reading experiment indicate that 
both readings appear to be equally accessible. Thus, the meaning of the VP is used as the 
retrieval cue in the resolution of the VPE-site. 
VP-ellipsis: The resolution of VP-ellipsis (VPE) must involve the following steps. When the 
VPE-site is recognized, the parser needs to access and retrieve the content of the antecedent 
VP ([2]). In (1), the antecedent VP includes a reflexive, which refers to Bill. The retrieval of the 
antecedent VP may include this interpretation of reflexive, resulting in strict reading in (1a). On 
the other hand, in order to achieve the sloppy reading, either the parser neglects to retrieve the 
interpretation of the reflexive established in the first clause, or takes an additional step of 
changing the gender value of the reflexive and relinking the retrieved reflexive to ‘Susan’ as in 
(1b). Taken together, if the resolution of the VPE site involves the retrieval of the reflexive-
interpretation, the sloppy reading could be costly, which involves additional operations, and the 
strict reading is easier and thus preferred [3]. However, no such difference is predicted if the 
value of the reflexive is not accessed when the VPE-site is resolved.  
Experiment: An eye tracking while reading experiment (n=50) has been conducted in a 2x2 
design where the interpretation of the VPE-site (Strict vs. Sloppy) x Reflexive Gender (Match vs. 
Mismatch) are manipulated as independent factors in a 2x2 factorial design. More concretely, 
the VPE-site in the third conjunct is forced to be a strict (4a/c) or sloppy (4b/d).  
(4) a/c. Although Mike didn't punish himself/him, ...  
     b/d. Although Mary didn't punish herself/him, ... Bill punished himself and ... 

...Mary did [VPE ø] too since it was necessary. 
In this design, the first clause (Although ...) rules out either the strict or sloppy reading in the 
third clause with the VPE-site by negating one of the potential readings. The gender 
manipulation should only affect the conditions where the sloppy interpretation is forced (4c/d) 
because in the strict reading the reflexive unambiguously refers to ‘Bill’. Mixed effects models 
revealed no significant effects in the VPE region (did too). A main effect in the first spillover 
region (since) in total time approached significance, where strict conditions were faster overall 
(X2 =3.18, p=.07). Furthermore, an interaction of VPE-site x Reflexive Gender was observed in 
first pass duration (X2 = 6.7, p<.01) and first fixation time (X2 = 3.5, p = .06) in the second 
spillover region (it was), such that Strict/Gender Match was slower than Strict/Gender Mismatch 
(4a,b), however Sloppy/Gender Mismatch was slower than Sloppy/Gender Match. 
Discussion: These results minimally indicate that both interpretations are equally accessible 
during VPE resolution, and potentially point to processing advantage for the strict interpretation. 
Furthermore, the gender mismatch effect in the sloppy conditions supports the hypothesis that 
changing the gender value of the retrieved material is costly. Finally, we attribute the gender 
match effect in the strict cases to similarity based interference from the intervening referent 
‘Mike’ between the reflexive and the antecedent ‘Bill’.  
 
[1] Ross, J. R. (1967). Constraints on variables in syntax; [2] Lewis, R. L., & Vasishth, S. (2005). 
An activation-based model of sentence processing as skilled memory retrieval. Cognitive 
science, 29(3), 375-419.; [3] Frazier, L., & Clifton, C. (2006). Ellipsis and discourse 
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coherence. Linguistics and Philosophy, 29(3), 315-346. 
 

 

 



 



The approximate number sense bootstraps scalar implicature
of comparatively modified numerals in impoverished contexts

Christoph Hesse  and  Anton Benz
Leibniz-Zentrum Allgemeine Sprachwissenschaft, Berlin, Germany

Recent years have seen an increased interest in stochastic expectations in the semantics and
pragmatics of language (cf. Lassiter, 2009; Franke et al., 2016). Our talk is on the scalar
implicatures of numerals modified by the comparative quantifiers 'more than' and 'fewer than.'
Comparatively modified numerals express numerical vagueness, uncertainty, and ignorance—
and pose an interesting puzzle: How do interlocutors limit their expectations about potential
values in the face of uncertainty?

The sentence 'London has more than 1000 inhabitants' (taken from Cummins, Sauerland, &
Solt, 2012) exemplifies two sources for constraining expectations: world knowledge and the
numeral itself. When the sentence is uttered out of the blue it sounds odd because world
knowledge tells us that London has a lot more inhabitants than 1000 and so the range we
expect—even if we are uncertain about the exact population (prior-based uncertainty)—must be
much higher than suggested by 'more than 1000,' which, however, is also vague about the
range of potential values (language-based uncertainy).

Semanticists have seen prior-based uncertainty constrained by context as something that
overshadows expectations raised by the modified numeral itself, and have consequently
focused their attention on impoverished contexts such as 'the number of signatures on a petition'
(taken from Cummins et al., 2012). Without sufficient information about the cause of the petition,
the method of collection, and the community in which signatures are collected, speakers may be
very limited in their ability to constrain their (prior) expectations. As a result, it is widely assumed
in the literature that modified numerals do not generate scalar implicature in impoverished
contexts as the comparative quantifier signals that the speaker is ignorant of the exact number
(Krifka, 1999; Fox & Hackl, 2006; Nouwen, 2015).

Cummins et al. (2012) were able to show experimentally that comparatively modified
numerals do generate scalar imlicature in impoverished contexts, and that it is not world
knowledge but the numerical property of roundness which constrains expectations about
potential values in this type of context. In their experiments, a priming context, such as 'We
need more signatures on the petition. How many did we get?' is followed by an answer
containing an estimate using a comparatively modified numeral. Participants were asked to
indicate the lower and upper bounds of the range of expected values and the most likely
potential value. They found the rounder the numeral is, the bigger the expected range, and the
further the most likely value is away from the numeral.

Contrary to Cummins et al. (2012) we argue that it is the approximate number sense
(Dehaene, 2011) which bootstraps scalar implicature of comparatively modified numerals in
impoverished contexts. We use the same experimental paradigm as Cummins et al. (2012), but
with more numerals per roundness level and across different orders of magnitude. Firstly, we
show that numerals' magnitude has a much stronger effect on range size and distance of the
most likely value than their roundness. Secondly, we show the existence of two Weber fractions
(Fechner, 1860) in relation to magnitude: The distance of the most likely value remains constant
across different orders of magnitude. When estimating range limits, participants have a strong
preference for certain round numbers (Dehaene & Mehler, 1992; Jansen & Pollmann, 2001).
Participants shift their boundary preference when the distance between the boundary and the
numeral would be smaller than a second Weber fraction. Thirdly, the two Weber fractions are
numerically similar to the acuity of the approximate number sense, which could also be the
source of language-based uncertainty.
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Evidence for shared conceptual structure for psychological and physical events 
Natural language is characterized by systematic correspondences between meaning and form: 
e.g., causal agents=transitive subjects. This tight correspondence has led to the hypothesis that 
how we structure a sentence is determined by the meaning, or the conceptual content, that we 
wish to convey. But this hypothesis runs into problems when the same meaning appears to be 
encoded in two different syntactic structures, as in the case of emotions (1-2). 

(1) Sally feared/hated/loved Max 
(2) Max frightened/angered/delighted Sally 

Such examples call into question the prevalence of systematic mappings from semantics to 
syntax. However, just as the words car, automobile, and sedan may all refer to the same vehicle 
but have distinct meanings, two sentences can refer to the same event but have different 
meanings because they pick out different construals, or conceptualizations, of the event. 
Recent theories of semantic representation characterize these construals as structured 
representations that include both a verbal root and one or more primitive predicates (for review 
and discussion, see Levin & Rappaport Hovav, 2005). These primitive predicates encode 
aspects of meaning that are present in many different verbs, and can be used in combination 
(by embedding one predicate within another) to form more complex semantic structures (3-4). 

(3) The vase broke:  [y BECOME <STATE>broken] 
(4) Sally broke the vase: [x CAUSE [y BECOME <STATE>broken]] 

Critically, for these types of structures, the argument that is highest in the semantic tree 
becomes the subject of a sentence (which is the highest argument in the syntactic tree), while 
the argument that is lower in the semantic tree becomes the direct object. Thus, differences in 
structural prominence are preserved in the linking from semantics to syntax. This approach 
provides a straightforward solution to the linking problem posed by emotion verbs (5-6). 

(5) Sally feared Max:  [y BE [<EMOTIONAL STATE>fear ABOUT x]] 
(6) Max frightened Sally: [x CAUSE [y BE <EMOTIONAL STATE>fear]] 

This theory of (verb) meaning makes several predictions. The first is that language users should 
perceive frighten verbs as more causal than fear verbs. Recent work confirms this (Hartshorne 
et al., 2016). Second, if these two kinds of verbs are categorially different, participants should 
readily learn a rule that differentiates them. Third, on this hypothesis, the distinction between 
emotion verbs (5-6) is parallel to the distinction between non-causal and causal physical events 
(3-4). Thus, if participants learn a rule that applies to frighten verbs (but not fear verbs), we 
should expect them to extend it to the causal physical events (but not non-causal ones). 
Methods: Our task is based on Wittenberg et al.’s (2017) implicit categorization procedure (Fig. 
1). On each trial, a Y-shaped tube appeared on the screen. A pink ball entered the tube at its 
base as a sentence played. On training trials, frighten verbs always came out one side, and fear 
verbs always came out the other side (unbeknownst to the participants). On test trials, the ball 
“got stuck,” and participants had to guess which side the ball would have come out of by clicking 
on the corresponding circle. We recorded participants’ anticipatory eye gazes and analyzed 
them using non-parametric cluster-based permutation tests (Maris & Oostenveld, 2007). 
Results: Our hypotheses were confirmed. (1) Participants (N=60/64) learned to associate each 
side of the screen with the correct landing site for trained psych verbs (p<.001; Fig. 2a), and, 
critically, (2) they extended this rule to untrained psych verbs (p<.001; Fig. 2b) and to physical 
event verbs (ps≤.02; Fig. 2c). Specifically, when they heard a causal physical event, participants 
looked more to the side of the screen associated with frighten verbs. 
These results provide evidence that language relies on a representation of CAUSE that is broad 
enough to encompass both physical and psychological causation. 
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Figure 1. Schematic of paradigm (source: 
Wittenberg et al., 2017). 

Figure 2. Eye-tracking results for (a) trained 
psych verbs, (b) untrained psych verbs, and 

(c) untrained physical event verbs. Rectangles 
indicate significant clusters. 
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:KHQ FLUFXPVWDQFHV FKDQJH� XSGDWH \RXU SURQRXQV

-RVKXD .� +DUWVKRUQH �%RVWRQ &ROOHJH�� 0DULHOD 9� -HQQLQJV �%RVWRQ &ROOHJH�� 7RELDV *HUVWHQEHUJ �6WDQIRUG
8QLYHUVLW\�� 	 -RVKXD 7HQHQEDXP �0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRORJ\�

LQIR#O�DWEF�RUJ

/DQJXDJH LV IUHTXHQWO\ DPELJXRXV� ZLWK WKH VDPH VHQWHQFH KDYLQJ VHYHUDO SRVVLEOH LQWHUSUHWDWLRQV �7KH FKLO�
GUHQ PDGH GHOLFLRXV VQDFNV�� $ FHQWUDO FKDOOHQJH IRU WKH OLVWHQHU LV WR GHWHUPLQH ZKLFK RI WKH SRVVLEOH LQWHQGHG PHDQ�
LQJV WKH VSHDNHU DFWXDOO\ PHDQW WR FRQYH\� 2QH SDUWLFXODUO\ SUHYDOHQW H[DPSOH LV WKLUG�SHUVRQ SURQRXQV� ,Q SULQFLSOH�
WKH SURQRXQV LQ ��� DQG ��� FRXOG UHIHU WR HLWKHU $O RU %DUW RU DQ\ RWKHU PDOH HQWLW\�

��� $O EHDW %DUW DW WXJ�RI�ZDU EHFDXVH KH LV VWURQJ�
��� $O EHDW %DUW DW WXJ�RI�ZDU EHFDXVH KH LV ZHDN�

+RZHYHU� PRVW SHRSOH LQWHUSUHW WKH SURQRXQ LQ ��� DV UHIHUULQJ WR $O� DQG WKH SURQRXQ LQ ��� DV UHIHUULQJ WR %DUW�
3DLUV RI VHQWHQFHV OLNH WKHVH SRVH D SUREOHP IRU WKHRULHV RI SURQRXQ LQWHUSUHWDWLRQ ZKLFK KDYH VXJJHVWHG WKDW SUR�
QRXQV SUHIHUHQWLDOO\ UHIHU WR WKH VXEMHFW RI WKH SUHYLRXV VHQWHQFH �*RUGRQ HW DO������� *URV] HW DO�������� WKDW SURQRXQ
LQWHUSUHWDWLRQ LV D IXQFWLRQ RI YHUE ELDVHV �$UQROG HW DO� ����� *DUYH\ 	 &DUDPD]]D� ����� +DUWVKRUQH 	 6QHGHNHU�
����� .DLVHU� ����� .HKOHU 	 5RKGH� ����� .RRUQQHHI 	 YDQ %HUNXP� ����� 3\\NNRQHQ 	 -DUYLNLYL� ����� 6WHZDUW
HW DO�� ������ DQG WKDW WKH SURQRXQ UHIHUV WR WKH PRVW FDXVDOO\�FRQQHFWHG HQWLW\ �6DJL 	 5LSV� ������ +DQGOLQJ VXFK
VHQWHQFHV VHHPV WR UHTXLUH UHFRXUVH WR ZRUOG NQRZOHGJH �FI� :LQRJUDG� ����� 3LFNHULQJ 	 0DMLG� ����� +DUWVKRUQH�
*HUVWHQEHUJ� 	 7HQHQEDXP� ������ ZKLFK OHDYHV RSHQ WKH TXHVWLRQ RI ZKDW WKH IRUPDW RI ZRUOG NQRZOHJH LV�

+DUWVKRUQH� *HUVWHQEHUJ� 	 7HQHQEDXP ������PRGHO ODQJXDJH LQWHUSUHWDWLRQ DV DQ LQIHUHQFH RYHU D JHQHUDWLYH
PRGHO RI WKH VSHDNHU �VHH )LJXUH ��� &UXFLDOO\� LQIRUPDWLYH VSHDNHUV WHQG WR VD\ WKLQJV WKDW DUH WUXH� DOORZLQJ WKH OLVWHQHU
WR XVH KHU H[SHFWDWLRQV DERXW WKH ZRUOG �³ZRUOG NQRZOHGJH´� WR ILOO LQ DQ\ JDSV� 7KXV� OLVWHQHUV LQWHUSUHW KH DV UHIHUULQJ
WR $O LQ ��� DQG %DUW LQ ��� EHFDXVH WKRVH LQWHUSUHWDWLRQV UHVXOW LQ WKH PRVW SUREDEOH ZRUOGV� 7KH DXWKRUV IRUPDOL]HG WKLV
ZRUOG NQRZOHGJH DV LQIHUHQFH RYHU D JHQHUDWLYH PRGHO RI WKH ZRUOG �FI� %DWWDJOLD� +DPULFN 	 7HQHQEDXP� ������ 7KHLU
PRGHO SUHGLFWV SURQRXQ LQWHUSUHWDWLRQ LQ VHQWHQFHV VXFK DV ��� DQG ��� YHU\ ZHOO� EXW WKH\ GR QRW SURYLGH HYLGHQFH WKDW
RWKHU WKHRULHV RI ZRUOG NQRZOHGJH ZRXOG QRW H[SODLQ KXPDQ MXGJHPHQWV VLPLODUO\ ZHOO�

$ NH\ DGYDQWDJH RI WKH JHQHUDWLYH LQWXLWLYH WKHRU\ DSSURDFK LV WKDW WKH GHILQLWLRQ RI ZRUOG NQRZOHGJH LV KLJKO\
IOH[LEOH UDWKHU WKDQ D OLVW RI IDFWV DQG KHXULVWLFV� ,Q SDUWLFXODU� LI ZH FKDQJH KRZ WKH ZRUOG ZRUNV ZH FDQ HDVLO\ XSGDWH WKH
PRGHO� )RU H[DPSOH� VXSSRVH WKDW D WXJ�RI�ZDU WRXUQDPHQW WDNHV SODFH LQ $QFLHQW 7UR\ DQG WKH 7URMDQ JRG $G\QDPR
LV WLUHG RI VHHLQJ WKH VWURQJHVW SOD\HU DOZD\V ZLQ� VR KH LQWHUYHQHV WR HQVXUH WKDW WKH ZHDNHVW SOD\HU DOZD\V ZLQV D WXJ�
RI�ZDU PDWFK� ,Q WKLV VFHQDULR� ZH LQWHUSUHW WKH SURQRXQ LQ ��� DV UHIHUULQJ WR %DUW� DQG WKH SURQRXQ LQ ��� DV UHIHUULQJ
WR $O� :H WHVWHG WKLV ZLWK SDUWLFLSDQWV RQ $PD]RQ 0HFKDQLFDO 7XUN E\ FUHDWLQJ �� VHQWHQFHV OLNH ������ PDQLSXODWLQJ
WKH DGMHFWLYH �VWURQJ� ZHDN�� WKH YHUE �EHDW� GLGQ¶W EHDW� ORVW WR� GLGQ¶W ORVH WR�� DQG WKH FRQQHFWLYH �EHFDXVH� DOWKRXJK��
3DUWLFLSDQWV DQVZHUHG TXHVWLRQV DERXW WKH SURQRXQ¶V PRVW OLNHO\ UHIHUHQW �VHH )LJXUH ��� :H ILQG WKDW SDUWLFLSDQWV
LQGHHG IOH[LEO\ XSGDWH WKHLU LQWHUSUHWDWLRQ RI WKH SURQRXQ FRQVLVWHQW ZLWK ZKDW WKH PRGHO SUHGLFWV�

$OWHUQDWLYHO\� VXSSRVH WKDW D WXJ�RI�ZDU WRXUQDPHQW LV KHOG EHWZHHQ WZR XQLYHUVLWLHV �:LOOREURRN &ROOHJH DQG
3LQHKXUVW 8QLYHUVLW\�� 6HQWHQFHV OLNH $O EHDW %DUW DW WXJ�RI�ZDU� EHFDXVH KH LV IURP :LOORZEURRN &ROOHJH DUH GLIILFXOW WR
LQWHUSUHW XQOHVV RQH KDSSHQV WR NQRZ WKDW VWXGQHWV IURP:LOORZEURRN WHQG WR EH VWURQJHU WKDQ WKRVH IURP 3LQHKXUVW� ,Q
DQ $07 H[SHULPHQW �VHH )LJXUH ��� ZH ILQG WKH H[SHFWHG UHVXOWV� ZLWK VXEMHFWV¶ LQWHUSUHWDWLRQV DERXW VXFK VHQWHQFHV
EHLQJ VWURQJO\ PRGXODWHG LQ WKH H[SHFWHG GLUHFWLRQ RQFH WKH\ KDYH EHHQ WROG DERXW :LOORZEURRN¶V DQG 3LQHKXUVW¶V
SRSXODWLRQV �³SRVW�GLDJQRVWLF´� EXW QRW EHIRUH �³SUH�GLDJQRVWLF´�� 7KLV QHZ LQIRUPDWLRQ GRHV QRW DIIHFW LQWHUSUHWDWLRQ RI
XQUHODWHG FRQWURO VHQWHQFHV�

7KHVH VWXGLHV VXJJHVW WKDW SURQRXQ LQWHUSUHWDWLRQ LV KHDYLO\ LQIOXHQFHG E\ G\QDPLFDOO\ XSGDWHG EHOLHIV DERXW
WKH ZRUOG� :H ZLOO GLVFXVV WKH UHODWLRQVKLS EHWZHHQ WKLV SURFHVV DQG RWKHU ZHOO�HVWDEOLVKHG SKHQRPHQD OLNH YHUE
ELDVHV�
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7UR\�1RQ�WUR\ 6HQWHQFHV
� &KULVWRSKHU EHDW 1LFKRODV DW WXJ�RI�ZDU� EHFDXVH KH LV VWURQJ�
� %ULDQ GLGQ¶W EHDW *DEULHO DW WXJ�RI�ZDU� EHFDXVH KH LV VWURQJ�
� $QGUHZ EHDW -RVHSK DW WXJ�RI�ZDU� EHFDXVH KH LV ZHDN�
� $GDP GLGQ¶W EHDW -DFN DW WXJ�RI�ZDU� EHFDXVH KH LV ZHDN�
� &KULVWLDQ ORVW WR $XVWLQ DW WXJ�RI�ZDU� EHFDXVH KH LV VWURQJ�
� 'DQLHO GLGQ¶W ORVH WR 6HWK DW WXJ�RI�ZDU� EHFDXVH KH LV VWURQJ�
� '\ODQ ORVW WR (WKDQ DW WXJ�RI�ZDU� EHFDXVH KH LV ZHDN�
� 5LFKDUG GLGQ¶W ORVH WR &DUORV DW WXJ�RI�ZDU� EHFDXVH KH LV ZHDN�
� 'DQLHO EHDW :LOOLDP DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�

�� ,VDLDK GLGQ¶W EHDW /XLV DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�
�� %UDQGRQ EHDW 5\DQ DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
�� 0DUFXV GLGQ¶W EHDW &KDUOHV DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
�� %HQMDPLQ ORVW WR 1RDK DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�
�� 3DWULFN GLGQ¶W ORVH WR %U\DQ DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�
�� 6DPXHO ORVW WR 5REHUW DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
�� &ROH GLGQ¶W ORVH WR -DFNVRQ DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
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6FKRRO 6HQWHQFHV
� $QGUHZ EHDW -RVHSK DW WXJ�RI�ZDU� EHFDXVH KH LV IURP :LOORZEURRN &ROOHJH�
� $GDP GLGQ¶W EHDW -DFN DW WXJ�RI�ZDU� EHFDXVH KH LV IURP :LOORZEURRN &ROOHJH�
� &KULVWRSKHU EHDW 1LFKRODV DW WXJ�RI�ZDU� EHFDXVH KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
� %ULDQ GLGQ¶W EHDW *DEULHO DW WXJ�RI�ZDU� EHFDXVH KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
� '\ODQ ORVW WR (WKDQ DW WXJ�RI�ZDU� EHFDXVH KH LV IURP :LOORZEURRN &ROOHJH�
� 5LFKDUG GLGQ¶W ORVH WR &DUORV DW WXJ�RI�ZDU� EHFDXVH KH LV IURP :LOORZEURRN &ROOHJH�
� &KULVWLDQ ORVW WR $XVWLQ DW WXJ�RI�ZDU� EHFDXVH KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
� 'DQLHO GLGQ¶W ORVH WR 6HWK DW WXJ�RI�ZDU� EHFDXVH KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
� %UDQGRQ EHDW 5\DQ DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP :LOORZEURRN &ROOHJH�

�� 0DUFXV GLGQ¶W EHDW &KDUOHV DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP :LOORZEURRN &ROOHJH�
�� 'DQLHO EHDW :LOOLDP DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
�� ,VDLDK GLGQ¶W EHDW /XLV DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
�� 6DPXHO ORVW WR 5REHUW DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP :LOORZEURRN &ROOHJH�
�� &ROH GLGQ¶W ORVH WR -DFNVRQ DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP :LOORZEURRN &ROOHJH�
�� %HQMDPLQ ORVW WR 1RDK DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
�� 3DWULFN GLGQ¶W ORVH WR %U\DQ DW WXJ�RI�ZDU� DOWKRXJK KH LV IURP 3LQHKXUVW 8QLYHUVLW\�
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�� $QGUHZ EHDW -RVHSK DW WXJ�RI�ZDU� EHFDXVH KH LV ZHDN�
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�� 5LFKDUG GLGQ¶W ORVH WR &DUORV DW WXJ�RI�ZDU� EHFDXVH KH LV ZHDN�
�� 'DQLHO EHDW :LOOLDP DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�
�� ,VDLDK GLGQ¶W EHDW /XLV DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�
�� %UDQGRQ EHDW 5\DQ DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
�� 0DUFXV GLGQ¶W EHDW &KDUOHV DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
�� %HQMDPLQ ORVW WR 1RDK DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�
�� 3DWULFN GLGQ¶W ORVH WR %U\DQ DW WXJ�RI�ZDU� DOWKRXJK KH LV VWURQJ�
�� 6DPXHO ORVW WR 5REHUW DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
�� &ROH GLGQ¶W ORVH WR -DFNVRQ DW WXJ�RI�ZDU� DOWKRXJK KH LV ZHDN�
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Reevaluating Pragmatic Reasoning in Web-based Language Games 
Les Sikos, Noortje Venhuizen, Heiner Drenhaus, and Matthew W. Crocker (Saarland University) 
sikos@coli.uni-saarland.de 
 
Recent work testing formalizations of Gricean maxims [1] using web-based reference games 
has led to mixed results. Some studies indicate that Bayesian (e.g., rational speech act (RSA)) 
models closely predict human (pragmatic) behavior [e.g., 2], while others suggest that 
participants rarely go beyond the literal meanings of words in such studies [e.g., 3-4]. For 
instance, [2] presented participants with three objects (Fig1) in 7 different context types. Using a 
one-shot paradigm (each participant sees a single trial), they collected separate judgments from 
speakers, listeners, and for salience. Results of the RSA model, which combines a speaker 
model (likelihood that speakers use a particular word to refer to the target) with empirically 
measured salience (Eq1), were highly correlated with aggregate listener judgments (Fig1d; 
R=0.99). This was interpreted as indicating that participants reasoned pragmatically in this task. 
However, the reasoning required in [2] ranged from simple (e.g., Fig1b) to more complex (e.g., 
Fig1c), such that the close fit of predicted to observed results might be driven by the simpler 
inferences. Consistent with this possibility, [3] attempted a close replication of [2], focusing on 
more challenging items like Fig1c, and found that the basic RSA model was a poor predictor of 
their data. Furthermore, [4] found that while listeners responded pragmatically in conditions 
similar to Fig1b, they were only at chance for conditions similar to Fig1c.  
     To account for these results, [3] and [4] proposed various modifications to RSA (e.g., adding 
parameters for speaker/listener degree of rationality). Here, we investigate another possibility: 
Listeners in such web-based tasks may not reason as pragmatically as presumed. Instead, they 
may simply interpret the utterance based on a combination of its literal meaning and the 
salience of particular referents. In other words, a simpler rather than more complex model may 
better explain human behavior than RSA. To test this hypothesis we employed the same 
general methods as [2] and systematically explored a wider variety of context types (34 in total). 
3387 participants recruited via Amazon Mechanical Turk were randomly assigned to Speaker 
(N=1143), Listener (N=1111), and Salience (N=1133) tasks (Fig2). We then compared observed 
responses to predictions from the basic RSA model and a Literal Listener (LL) model that does 
not incorporate a model of the speaker. This basic LL model predicts that listeners should be 
equally likely to select any referent that a given word (e.g. “green”) can refer to. In order to 
provide a more direct comparison to RSA, which relies heavily on salience, we also tested a 
LL+Salience model that weights its probabilities based on salience (Eq2). For completeness, we 
also considered an RSA model that assumes uniform salience, and salience values alone. 
     Table 1 and Fig2d show that while RSA provided a good fit to the entire dataset (replicating 
[2]), both LL models performed better. Furthermore, when we analyzed only the contexts for 
which the predictions from RSA and LL+Salience models differed (i.e, the more challenging 
inferences), LL+Salience performed best (Table 2 bottom; Fig2e). In fact, salience alone was a 
better predictor than RSA. Moreover, comparing RSA and RSA-uniform-salience models 
suggests that salience essentially corrects for incorrect predictions in the basic RSA model. To 
the extent that one-shot web-based experiments accurately elicit the depth of pragmatic 
reasoning seen in typical human interactions, these findings indicate that a simpler model than 
RSA can better explain human behavior.   
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Speaker	Task.	Imagine	you	are	talking	to	Robert	and	you	
want	 him	 to	 pick	 out	 Item	 B.	 If	 you	 can	 only	 use	 one	
word,	which	word	would	you	say,	“green”	or	“fish”?	

Listener	 Task.	 Robert	 wants	 you	 to	 pick	 one	 of	 the	
objects	 below	 but	 he	 can	 only	 say	 one	 word.	 He	 says,	
”green".	Which	object	do	 you	 think	he	 is	 talking	 about:		
A,	B,	or	C?	

Salience	 Task.	 Robert	 wants	 you	 to	 pick	 one	 of	 the	
objects	below,	but	due	to	background	noise	you	cannot	
understand	what	he	said.	Which	object	do	you	think	he	is	
most	likely	talking	about:		A,	B,	or	C?	

Speaker	Task.	Imagine	you	are	talking	to	someone	
and	 you	want	 him	 to	 refer	 to	 the	middle	 object.	
Which	word	would	you	say,	“green”	or	“circle”?	

Listener	 Task.	 Imaging	 someone	 is	 talking	 to	 you	
and	uses	the	word	“green”	to	refer	to	one	of	these	
objects.	Which	object	are	they	talking	about?	
Salience	 Task.	 Imaging	 someone	 is	 talking	 to	 you	
and	uses	a	word	you	don’t	know	to	refer	to	one	of	
the	objects.	Which	object	are	they	talking	about?	

a. a. 

b. 

A B C 

c. 

d. 

Fig	 1.	 Overview	 of	 [2].	 (a)	 Instructions.	 (b)	 Simple	
inference	 required.	 (c)	 Complex	 inference	 required.	 (d)	
RSA	model	predictions	plotted	against	observed	results.	

Fig	2.	Overview	of	 current	 study.	 (a)	 Instructions.	 (b)	Simple	
inference	 required.	 (c)	 Complex	 inference	 required.	 (d)	
Predictions	 vs	 observed	 results	 over	 all	 visual	 contexts.	 (e)	
Predictions	 vs	 observed	 results	 for	 visual	 contexts	 in	 which	
models	 had	 identical	 predictions	 (black),	 and	 contexts	 in	
which	model	predictions	differed.	RSA,	 LL	+	 salience,	 LL	with	
uniform	salience,	RSA	with	uniform	salience,	Salience	alone.		

Eq	2.	LL	+	salience	model	provides	a	distribution	over	
the	set	of	 referents	 in	context	C	 that	can	be	referred	
to	with	word	w,	weighted	based	on	salience.		

b. c. 

Table	1.	Overall	model	fits	(ranked	in	order	of	best	fit).		

Table	2.	Model	fits	for	contexts	in	which	models	had	identical	
predictions	(top)	and	different	predictions	(bottom).		

References		
[1]	Grice	(1975).	[2]	Frank	&	Goodman	(2012).		
[3]	Qing	&	Franke	(2015).	[4]	Frank	et	al	(2017).		
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Eq	 1.	 RSA	 model	 for	 inferring	 the	 speaker’s	 intended	
referent	rS	in	context	C,	given	speaker’s	uttered	word	w.	



Korean Verb Prediction in sentence comprehension 
Sea Hee Choi, Nayoung Kim, James Yoon and Kiel Christianson (University of Illinois) 

schoi76@illinois.edu 
Research on prediction has sought to investigate whether it is based on 

semantic/heuristic cues, syntactic cues, or both. Investigation of verb prediction is particularly 
important since it is well known that verbs play a critical role in sentence processing. In that 
sense, verb-final languages like Korean or Japanese make a good testbed for investigating verb 
prediction. Many previous studies1,2,3 have shown that syntactic cues are simply overridden by 
heuristics-based semantic cues/processors. However, Momma et al. (2016) found that changing 
a case marker on a noun from accusative to genitive or vice versa modulates the N400. This 
indicates that a morphosyntactic cue (a case-marker) can affect the predictability of a verb when 
it changes the expected syntactic category of the upcoming word (after an accusative case 
marker, a verb should follow, while after a genitive case marker, a noun is predicted). This study 
seeks to expand the scope of previous findings by testing Korean, another verb-final language, 
to investigate if changing case markers from N+Acc (grammatical) to N+Gen (ungrammatical) 
embedded in Korean sentences can affect the predictability of the upcoming verb or whether the 
expectation is overridden by semantic/heuristic cues.  

Method: Native speakers of Korean (N=40) at a Midwestern university read 100 
sentences including 32 sets of critical sentences during eye-tracking and responded to 
comprehension questions. The critical sentences included the construction 
Noun+Acc/Gen+Adv+verb shown in (1). Unlike Momma et al. (2016), we added an adverb 
between N+Acc/Gen and the verb so that we can examine possible delayed effects as well as 
the direct effects. We also manipulated syntactic/semantic violations in a within-subjects design: 
1) Grammaticality (a morphosyntactic cue): Grammatical (N+Acc) vs. Ungrammatical(N+Gen) 
(cf. 1), and 2) Plausibility (a semantic cue): Plausible vs Implausible. Fixation durations in the 
main verb region were analyzed with LMMs, including Grammaticality and Plausibility as fixed 
effects, and participants and items as random effects. If native speakers of Korean rely primarily 
on syntactic cues in structure prediction, an increased RT in the ungrammatical condition 
compared to the grammatical condition will be observed. If they primarily rely on 
semantic/heuristic cues, an increased RT in the implausible condition compared to the plausible 
condition is expected. If Korean speakers are sensitive to both syntactic and semantic 
manipulations, a reliable interaction between the two fixed effects will be observed.  

Results: We found a significant interaction between syntactic and semantic cues 
(t=2.94, See Figure 1) in FFD. We also found a significant effect of Plausibility in GD (t=-3.60, 
See Figure 2), TVT (t=-3.88, See Figure 3) and RPD (t=-3.84, See Figure 2). These results 
show that native speakers of Korean rely primarily on semantic/heuristic cues to predict an 
upcoming verb instead of relying on morphosyntactic cues. In order to see if there is any 
syntactic effect that was overridden by semantic/heuristic effects, we conducted a further 
analysis with only plausible sentences. In the analysis, we found a significant effect of 
grammaticality in RPD (t=-2.67, See Figure 4), but in other measures, there was no effect. 

Conclusion: In sum, the fact that we failed to find an effect of grammaticality in GD, 
TVT and RPD suggests that Korean speakers rely primarily on semantic/heuristic cues when 
making a prediction about an upcoming verb. The findings of this study are not aligned with 
Momma et al. (2016) which found that changing case markers affected the predictability of the 
upcoming verb if it changes syntactic category. The results provide supporting evidence for Kim 
& Osterhout (2005), Ferreira & Patson (2007) and Momma et al. (2015), showing that syntactic 
cues are overridden by heuristics-based semantic cues/processors. The fact that we found an 
interaction between syntactic and semantic cues in FFD, couple with the fact that we found the 
significant grammaticality effects with plausible sentences only, however, shows the possibility 
that there is indeed a syntactic effect which has been overridden by strong semantic/heuristic 
effects. Further research will be needed to investigate the possibility. 
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Example Stimuli 
(1) a. N+Acc, plausible condition 
          Hansepi-nun hyeyci-ka   onul   sa-n              cwusu-lul  honca   masi-ess-ta-ko            malhay… 

Hansup-Top  Hyeji-Nom today bought-Rel    juice-Acc  alone    drink-Pst-Decl-Comp   tell… 
      b. N+Gen, plausible condition 
          Hansepi-nun hyeyci-ka   onul   sa-n               cwusu-uy   honca  masi-ess-ta-ko            malhay… 
          Hansup-Top  Hyeji-Nom today bought-Rel     juice-Gen   alone   drink-Pst-Decl- Comp tell… 
      c. N+Acc, implausible condition 
          Hansepi-nun hyeyci-ka   onul   sa-n              sikyey-lul   honca  masi-ess-ta-ko             malhay… 
          Hansup-Top  Hyeji-Nom today bought-Rel   watch-Acc  alone   drink-Pst-Decl- Comp   tell… 
      d. N+Gen, implausible condition 
          Hansepi-nun hyeyci-ka   onul   sa-n               sikyey-uy honca    masi-ess-ta-ko              malhay… 
          Hansup-Top  Hyeji-Nom today bought-Rel    watch-Acc  alone   drink-Pst-Decl-Comp    tell… 
 

   
         Figure 1. FFD                                                              Figure 2. GD                 

  
         Figure 3. TVT                                                             Figure 4. RPD                 
 

 
          Figure 5. RPD  
          (Plausible sentences only) 
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Not all wug-tests are created equal: Cognitive load impairs access to the
phonological grammar

Claire Moore-Cantwell & Dave Kush, Simon Fraser University & NTNU

When a variable phonological pattern exists in the lexicon of a language, speakers exhibit
the ability to ‘probability match’ on novel words, producing a distribution of output forms which
matches the distribution of form types found in the lexicon, even following quite complex and subtle
statistical trends (Ernestus and Baayen, 2003; Hayes et al., 2009 et. seq). This result has led to
the adoption of models of the Phonological Grammar which are inherently probabilistic (Goldwater
and Johnson, 2003; Hayes and Wilson, 2008). In this paper we argue that increased cognitive load
during an experiment can impair speakers access to this complex, probabilistic grammar. Exp. 1
shows ‘probability matching’ behavior, and consistency across participants, while Exp. 2 increases
participants cognitive load with a memorization task, and shows less probability matching, more
categorical behaviour from each participant, and inconsistency across participants.

The probabilistic trend: In English words longer than two syllables, stress is typically penul-
timate (‘banána’) or antepenultimate (‘Cánada’). A search of the CMU pronouncing dictionary
(Weide, 1994) revealed that [i]-final words were biased towards taking antepenultimate stress, and
[@]-final words were unbiased. In words at least 3 syllables long, 88% of i-final words were ante-
penultimately stressed, but only 54% of @-final words, were antepenultimately stressed (a).

Methods: Nonwords (half -i, half -@) were constructed so as to have very sparse neighborhoods
(less than 0.01) according to the Generalized Neighborhood Model (Bailey and Hahn, 2001). Non-
words were presented auditorily as three individual syllables with acoustically ambiguous stress
([bæ] [mæ] [ki]). Exp. 1: 104 participants, recruited through Amazon Mechanical Turk, were
recorded as they spoke the syllables fluently as a single word. Next, participants ‘transcribed’ their
own production by listening to 2 versions of the nonword ([bǽm@ki], [b@mǽki]) and selected the ver-
sion most similar to what they produced. Exp. 2: 39 participants in a lab saw a real English word
(10 each -i, antepenult stress, -@antepenult, -i penult, -@penult) printed on the computer screen,
then heard a nonword, then spoke first the real word then the nonword. Stresses were transcribed.

Results: Data from 66 participants in Exp. 1 was analyzed, all at least 90% accurate in their
‘transcriptions’. Participants extended the probabilistic trend in the lexicon to nonwords (a). In
Exp. 2, participants reported di�culty with the task, and produced many errors and disfluencies
on real words and nonwords. Data was analyzed from 35 participants who produced errors on
fewer than half of trials. Overall, the lexical trend was only very weakly extended to nonwords
(a). In (b) each participant’s rate of choosing antepenult stress is shown for the two studies. In
Exp. 1 participants were extremely consistent. Although they varied in their overall preference for
antepenult stress, every participant varied in their stress choices and every participant produced
more antepenult stress on i-final items. The same was not true in Exp. 2. Many participants always,
or nearly always, produced one kind of stress (usu. antepenult). And while some participants
produced more antepenult stress on i-final items, many did not.

Discussion: Because participants exhibit greater consistency in Exp. 1, we argue that their
behavior there more directly reflects the Phonological Grammar which all English speakers share.
In Exp. 2, we argue, the increased cognitive load imposed by the priming task leads participants to
ignore certain grammatical constraints during their choice of stress on novel words. The phonolog-
ical grammar is modeled using a set of many weighted constraints (Goldwater and Johnson, 2003),
which allow speakers to make good guesses about a word’s pronounciation, whether it is novel or
they have forgotten parts of it (Ernestus and Baayen, 2001). Under cognitive load, speakers’ access
to these constraints is impaired, leading them to select only the highest-weighted ones. Categorical
behavior arises when the chosen constraints do not conflict.
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Words take time: Auditory stimuli and strategic processing in semantic priming 

Yosiane White (University of Pennsylvania) 

yosiane@sas.upenn.edu 

 

This study examines participants’ task-related strategy use in auditory semantic priming 

experiments. Semantic priming (SP) occurs when lexical access to a target word is facilitated by 

a preceding semantically related word. Visual SP is frequently used to study access to the 

semantic representation of words (Neely, 1991). More recently, auditory stimuli have been used 

in SP paradigms for similar purposes. This is despite the fact that visual word presentation is 

holistic while auditory word presentation is incremental (Cutler, 2002; 2012). Visual SP has proven 

highly susceptible to strategy use (Neely, 1991). The main parameters that induce these strategic 

effects are, (1) a large inter-stimulus interval (ISI) between prime and target, giving a participant 

time to predict the upcoming target (den Heyer et al., 1983), and (2) a high proportion of related 

pairs, priming participants to expect semantically related targets (McNamara, 2005). The 

susceptibility of auditory SP to task-related strategy use has not yet been systematically studied. 

In this study, three experiments suggest that participants do not use target-prediction strategies 

in auditory SP when a minority of pairs are related, regardless of the length of the ISI. This differs 

markedly from visual SP, and highlights an advantage of using auditory SP for studying access 

to semantic representations.  

 

Experiment 1: Exp1 asks whether varying ISI in auditory SP has the same effect as in visual SP. 

117 native English undergraduates completed a paired lexical decision task in which they heard 

318 primes (randomised across 4 counterbalanced lists), followed by a 200ms or 800ms ISI, and 

then a related (⅓ of the items), unrelated (⅓), or nonword (⅓) target. RTs (in ms) to the target 

were measured from the onset of the target sound file. Minimal a-priori trimming and model 

criticism (Baayen & Milin, 2010) were done before fitting a linear mixed effects model in R. As 

expected, participants responded significantly faster to related targets than unrelated targets at 

both the 200ms (t = -25.9) and 800ms ISI (t = -22.1) (1)(3). Interestingly, the 52ms priming effect 

in the 800ms ISI condition is significantly smaller than the 64ms effect in the 200ms condition (t = 

2.768).  

This result suggests that either participants are not strategically predicting the targets in 

this experiment (despite > 90% reported awareness of related pairs in a post-test questionnaire), 

or participants are using strategies which boosts the priming effect in both ISI conditions, but rapid 

decay of auditory SP reduces the effect at the long ISI. 

 

Experiment 2: A possible explanation for the results in Exp1 is that the short ISI is not short 

enough to hinder strategy use. Exp2 uses a between subjects design for ISI with a 200ms ISI and 

a 0ms ISI to test this. 55 undergraduates participated in Exp2. We replicate the SP effect found 

with a 200ms ISI in Exp1 (t = -19.6), and find significant priming at the 0ms ISI (t = -19.46). Further, 

we find no difference in priming effects between the ISI conditions (t = -0.51).  

 

Experiment 3: An alternative explanation for Exp1 is that ⅓ related pairs is not a low enough 

proportion to thwart strategy use. Exp3 attempts to reduce the utility of strategic prediction by 

reducing this proportion to  1 6 of the items. 110 native English speakers took part. Interestingly, 

we find very similar priming effects to Exp1 (2). Both the 200ms (t = -2.17) and 800ms (t = -2.75) 

ISI conditions yield significant priming, although now we find no difference across the ISIs.  

So far, neither a reduction of the ISI from 800ms to 0ms, nor a reduction of the ratio of 

related pairs from ⅓ to 1 6 reduced auditory SP magnitude. This contrasts with the visual SP 

literature that finds strategy use at ISIs over 200ms and ⅓ related pairs. The current results 

support a theory that no target-prediction strategies are being used in auditory SP. A planned 

Exp4 will push this hypothesis by increasing the related pairs to ½ to increase the utility of strategy 

use. 
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(1) Experiment 1 reaction times                       (2) Experiment 3 RTs in ms (with SD)  

in ms (with SD) and priming effects by ISI          & priming effects at a 200ms and 800ms ISI 

 200ms ISI 800ms ISI   200ms ISI 800ms ISI 

Unrelated 949 (183) 955 (182)  Unrelated 973 (183) 986 (181) 

Related  885 (179) 903 (183)  Related  922 (169) 923 (164) 

Priming effect 64*** 52***  Priming effect 51* 63** 

 

(3) Log RTs by ISI for Experiment 1 

(*** = p < .000 , ** = p < .01, * = p < .05 , ns = not significant)       
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+XQJDULDQ VXEMHFW�H[WUDFWHG �65&� DQG REMHFW�H[WUDFWHG �25&� UHODWLYH FODXVHV ERWK KDYH IOH[LEOH
ZRUG RUGHU� ,Q D VHOI�SDFHG UHDGLQJ H[SHULPHQW� ZH ILQG DQ DGYDQWDJH IRU WKH PRUH IUHTXHQW 65&
DQG 25& W\SHV� GHVSLWH WKHUH EHLQJ D ORQJHU GLVWDQFH EHWZHHQ WKH ILOOHU DQG JDS� 2XU ILQGLQJV
VXSSRUW DQ H[SHFWDWLRQ�EDVHG� UDWKHU WKDQ D PHPRU\�EDVHG DFFRXQW RI UHODWLYH FODXVH SURFHVVLQJ�
%DFNJURXQG� $Q LPSRUWDQW FDVH VWXG\ LQ WKH SURFHVVLQJ RI V\QWDFWLF FRPSOH[LW\ LV WKH DV\PPHWU\
ZH REVHUYH EHWZHHQ WKH (QJOLVK 65& ��D� DQG 25& ��E�� 25& LV KDUGHU WR SURFHVV WKDQ 65&�
��� D� 7KH HQJLQHHU >5& ZKR B DQQR\HG WKH DQDO\VW@ ZURWH D UHSRUW DERXW WKH SURMHFW� �65&�

E� 7KH HQJLQHHU >5& ZKR WKH DQDO\VW DQQR\HG B@ ZURWH D UHSRUW DERXW WKH SURMHFW� �25&�
7KHUH DUH WZR FRPSHWLQJ FODVVHV RI DFFRXQWV� 0HPRU\�EDVHG DFFRXQWV JHQHUDOO\ SUHGLFW D ORFDOLW\
SUHIHUHQFH ± VKRUWHU ILOOHU�JDS GHSHQGHQFLHV DUH SUHIHUUHG �*LEVRQ� ����� /HZLV 	 9DVLVKWK� ������
([SHFWDWLRQ�EDVHG DFFRXQWV DWWULEXWH JUHDWHU SURFHVVLQJ FRVW WR OHVV H[SHFWHG VWUXFWXUHV �H�J� VXU�
SULVDO� +DOH� ����� /HY\� ������ ,Q (QJOLVK� WKH SUHGLFWLRQV RI ERWK DFFRXQWV FRQYHUJH� VLQFH (QJOLVK
65&V LQVWDQWLDWH D VKRUWHU ILOOHU�JDS GHSHQGHQF\ WKDQ 25&V� DQG WKH\ DUH DOVR PRUH IUHTXHQW�
([SHULPHQW DQG 3UHGLFWLRQV� +XQJDULDQ LV SDUWLFXODUO\ VXLWDEOH IRU WHDVLQJ DSDUW WKH SUHGLFWLRQV RI
WKHVH WZR DFFRXQWV� EHFDXVH H[WUDFWLRQ VLWH DQG ZRUG RUGHU �L�H� WKH ORFDO SUR[LPLW\ RI WKH UHODWLYH
FODXVH YHUE WR WKH UHODWLYH SURQRXQ� FDQ EH YDULHG LQGHSHQGHQWO\� 65&V ��� FDQ RFFXU HLWKHU LQ D
92 �ORFDO� RU 29 �QRQ�ORFDO� FRQILJXUDWLRQ� ZKLOH 25&V ��� FDQ RFFXU LQ 96 �ORFDO� RU 69 �QRQ�ORFDO��
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8QGHU WKH 0HPRU\ DFFRXQW� ZRUG RUGHUV VXSSRUWLQJ ORFDO�VKRUWHU ILOOHU�YHUE GHSHQGHQFLHV ZRXOG EH
OHVV FRVWO\ �92� 96� WKDQ QRQ�ORFDO RQHV �29� 69�� LUUHVSHFWLYH RI 65& YV� 25& VWDWXV� 7R FKHFN WKH
SUHGLFWLRQV RI WKH ([SHFWDWLRQ DFFRXQW� ZH FDUULHG RXW FRUSXV VHDUFKHV LQ WKH +XQJDULDQ 1DWLRQDO
&RUSXV �2UDYHF] HW DO�� ������ )RU ERWK 65& DQG 25&� QRQ�ORFDO VWUXFWXUHV DUH PRUH FRPPRQ WKDQ
ORFDO RQHV �VHH 7DEOH ��� 7KXV ([SHFWDWLRQ PDNHV WKH RSSRVLWH SUHGLFWLRQV WR 0HPRU\� QRQ�ORFDO
VWUXFWXUHV VKRXOG EH HDVLHU WR SURFHVV� ([SHFWDWLRQ DFFRXQWV DOVR SUHGLFW D JHQHUDO DGYDQWDJH
IRU 65&V� VLQFH WKH\ DUH RYHUDOO PRUH IUHTXHQW WKDQ 25&V� $ VHOI�SDFHG UHDGLQJ H[SHULPHQW ZDV
FRQGXFWHG ZLWK �� QDWLYH VSHDNHUV RI +XQJDULDQ �LWHP 1 ���� $ FRPSUHKHQVLRQ TXHVWLRQ IROORZHG
HDFK VHQWHQFH� ,Q RUGHU WR DYRLG D FRQIRXQG EHWZHHQ HYHQW SODXVLELOLW\ DQG H[WUDFWLRQ W\SH� QRXQV
�H�J� HQJLQHHU� DQDO\VW� ZHUH FRXQWHUEDODQFHG WR RFFXU ERWK LQ KHDG 13 DQG 5& 13 SRVLWLRQV�
5HVXOWV� $QDO\VHV RQ ORJ�WUDQVIRUPHG UHDGLQJ WLPHV �57V� �)LJXUH �� UHYHDOHG WKDW IRU ERWK 65&
DQG 25&� WKH 5& 9HUE �DQQR\HG LQ ��� ��� KDG VLJQLILFDQWO\ VKRUWHU 57V LQ WKH QRQ�ORFDO WKDQ WKH
ORFDO FRQILJXUDWLRQV �S<������ 7KLV VXSSRUWV WKH SUHGLFWLRQV RI ([SHFWDWLRQ� EXW QRW 0HPRU\�EDVHG
DFFRXQWV� 6XUSULVLQJO\� WKHUH ZDV QR HIIHFW RQ WKH UHO� SURQRXQ� ZKHUH FDVH PDUNLQJ GLVDPELJXDWHV
65& YV� 25& ± HYHQ WKRXJK 65&V DUH RYHUDOO PRUH IUHTXHQW� +RZHYHU� WKH SUHGLFWHG 65& DG�
YDQWDJH GLG PDQLIHVW LQ FRPSUHKHQVLRQ TXHVWLRQ DFFXUDF\ �)LJXUH ��� TXHVWLRQV IROORZLQJ 65&V
�HVSHFLDOO\ ORFDO� ZHUH HDVLHVW WR DQVZHU �5& W\SH �S<������ LQWHUDFWLRQ RI ORFDOLW\�5& W\SH �S<������
&RQFOXVLRQ� /HY\ HW DO� ������� XVLQJ D VLPLODU PDQLSXODWLRQ LQ 5XVVLDQ� IRXQG D FOHDU UHDGLQJ
WLPH DGYDQWDJH IRU ORFDO VHQWHQFHV DW WKH 5& 9HUE� 7KH +XQJDULDQ UHVXOWV SUHVHQWHG KHUH DUH
WKH RSSRVLWH� QRQ�ORFDO VWUXFWXUHV DUH HDVLHU� &UXFLDOO\� LQ 5XVVLDQ� ORFDO VWUXFWXUHV DUH DOVR WKH
PRUH IUHTXHQW RQHV� ZKHUHDV LQ +XQJDULDQ WKH\ DUH QRW� 7KXV +XQJDULDQ EHWWHU WHDVHV DSDUW WKH
SUHGLFWLRQV RI WKH WZR FRPSHWLQJ DFFRXQWV� DQG SURYLGHV VXSSRUW IRU WKH ([SHFWDWLRQ�EDVHG DFFRXQW�
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Pragmatically (ir)rational: Loss aversion bias in L2 speakers of English 
Zoe Schlueter, Chris Cummins & Antonella Sorace (University of Edinburgh) 
zoe.schlueter@ed.ac.uk 
 

People are predictably irrational in their decision-making (Kahneman 2011), but some recent 
studies suggests they are less prone to irrational decision-making in their second language (L2) 
than in their first language (L1) (Costa et al. 2014, Keysar et al. 2012). This “foreign language 
effect” has been argued to be due to lower emotional weight associated with the L2, reducing 
the impact of decision-making heuristics in L2 reasoning. However, the materials in these 
experiments are susceptible to multiple interpretations and a decision that is irrational under one 
interpretation is perfectly rational under another interpretation (as shown in monolinguals by 
Mandel 2014). In Tversky and Kahneman’s (1981) classic Asian Disease Problem (ADP), the 
paradigm used in these studies, participants are presented with a situation framed either in 
terms of gain or loss and have to choose between a safe and a risky option with equal 
expected value, as in (1). However, although the options are supposed to be extensionally 
equivalent across frames, the optimal choice from a utilitarian perspective depends on whether 
the number term is interpreted as exact, upper-bounded or lower-bounded (Mandel 2014). 
Therefore, the difference between L1 and L2 speakers might be due to subtle differences 
between native and non-native interpretations affected by proficiency. We explore this by 
examining loss aversion bias in native Chinese and native Italian speakers of L2 English and do 
not replicate the finding that L2 users in general are “more rational” in their decision making. 

In our study, we used two distinct versions of the ADP, one with a disease scenario and one 
with an economic scenario (following Costa et al. 2014, who found the “foreign language effect” 
in both). In previous work, L1 speakers exhibited a loss aversion bias by more frequently 
choosing the safe option in the gain compared to the loss frame (framing effect), but L2 
speakers were not affected by the framing. In our study, we found that both the Chinese group 
(N=51) and the Italian group (N=44) exhibited a clear framing effect: logit mixed models show 
that participants were more likely to choose the safe option when it was framed in terms of gain 
rather than loss (Chinese group: p=.004; Italian group: p=.04), as illustrated in Figure 1. This 
suggests that these L2 speakers are not immune to loss aversion bias, just like L1 speakers.  

Whereas the Italian group’s data was consistent with L1 data from previous studies and 
showed a framing effect for both scenarios (interaction frame x scenario: p=.89), there was a 
significant interaction between frame and scenario for the Chinese group (p=.04). The L1 
Chinese participants exhibited the framing effect only in the economic scenario but not the 
disease scenario. We suggest that this is due to the materials: the economic scenario used 
much larger numbers than the disease scenario (hundreds vs. hundred-thousands). Future 
research will explore how this might have induced different interpretations of the number terms 
and how this is related to number interpretation in their L1.   

To examine the effect of L2 proficiency and emotionality, participants also completed a 
proficiency test and rated 30 words with positive, negative and neutral emotional valence in both 
English and their L1 (Warriner et al. 2013). While there was a numerical trend towards a 
stronger framing effect for L2 speakers who attached more emotional weight to their L2, this 
was not statistically significant for either group (Chinese group: emotionality x frame p=.08; 
Italian group: emotionality x frame: p=.06). We also found no significant effects of proficiency or 
any significant interactions of proficiency with frame and/or scenario for either of the groups. 
However, our participants all lived in an English-speaking country and effects of proficiency 
might be seen at lower levels. Our failure to replicate the foreign language effect on loss 
aversion might be because our participants were more proficient than those in previous studies, 
so their decision-making might have been based on more native-like interpretations of the 
number terms. This would have important implications for the idea that L2 decision-making is 
generally preferable on account of its superior rationality (Costa et al. 2014; Keysar et al. 2012). 
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(1) Asian Disease Problem (ADP) 
Recently, a dangerous new disease has been going around. Without medicine, 900 
people will die from it. In order to save these people, two types of medicine are available. 
They would have the following consequences: 

     Gain frame:  If you choose Medicine A, 300 people will be saved. (safe option) 
  If you choose Medicine B, there is a 33.3% chance that 900 people will be  

   saved and a 66.6% chance that no one will be saved. (risky option) 
     Loss frame:  If you choose Medicine A, 600 people will die. (safe option) 

  If you choose Medicine B, there is a 33.3% chance that no one will die and a    
  66.6% chance that 900 will die. (risky option) 

    Which medicine do you choose? 
 
 
 

 
 
Figure 1. Proportion of safe choices in the gain frame and loss frame by the Chinese group and 
the Italian group. 
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Results from L1 Chinese group 

•  Overall significant 
main effect of  
frame (p < .01) 

•  Significant main 
effect of scenario 
(p = .04) 

•  Significant 
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and scenario     
(p = .04) 

59 

ADP Financial

loss
gain

Frame

   

0

0.2

0.4 

0.6

Pr
op

or
tio

n 
of

 s
af

e 
ch

oi
ce

s

scenario

0.8

(Preliminary) Results from L1 Italian group 

•  significant main 
effect of  frame 
(p = .04) 

•  No significant 
main effect of 
scenario (p = .27) 

•  No significant 
interaction 
between frame 
and scenario     
(p = .60) 
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Covert structure and zero morphology in sentence processing 
Alexandra Krauska & Masaya Yoshida (Northwestern University) 

AlexKrauska2019@u.northwestern.edu 
 

A word such as "visit" can be used as a verb (I expect to visit) or as a noun (I expect 
a visit) due to the presence of unpronounced morphology, or "zero morphology."1,2,3,4 Past 
studies have uncovered some grammatical properties of these categorically ambiguous 
words, but no research has been conducted on how people process these words in reading. 
Are these two different uses of "visit" processed in the same way? Does covert structure 
have an effect in online sentence processing? Through an eye-tracking experiment, this 
study shows that the zero-derived form of categorically ambiguous words results in a slower 
reading time, which we argue is due to the structural complexity of those words. 

It has been suggested that the different forms of categorically ambiguous words are 
morphologically derived from their base form. Under such analysis, visit as a noun ([N visit]) 
is derived from visit as a verb ([V visit]). This derivation process involves an invisible zero-
suffix as in [[visit V] ø N] 1,2,3,4. It has been long known that words and sentences that have 
more complex structure incur more processing difficulty than those which have simpler 
structure5,6. Therefore, if zero-derived words have a more complex structure than non-zero-
derived words, then we expect the processing of zero-derived words to induce greater costs 
than their root counterparts. Furthermore, it has been argued that the mechanism of 
sentence processing relies on information that we can directly observe, such as words or 
explicit suffixes7,8. If zero-derived words are indeed processed slower than non-zero-derived 
words, it means that the mechanism of sentence processing can recognize the invisible 
suffix, and that structures of sentences and words can be built based on the invisible 
element. 

In this study, an experiment using eye-tracking while reading was conducted (n=48) 
in which Derivation x Type of Derivation (N → V: paint vs. V → N: visit) were manipulated as 
independent factors in a 2x2 factorial design as in (1). We developed the 24 stimuli using 
categorically ambiguous words investigated in [9], those which the verb/noun COCA10-based 
frequency in both the derived and underived conditions, acceptability, semantic similarity, 
and argument structure were tightly controlled (p>.05). The base category of each word was 
determined using category-specific root morpheme acceptability (such as: Darwin-ian-ism/ 
*Darwin-ism-ian). Each sentence was rated for acceptability beforehand (n = 80). 

 
(1) a. John expected the paint behind his workshop. Non-derived noun 

b. John expected to paint behind his workshop. Derived verb 
c. John expected to visit after the doctor called. Non-derived verb 
d. John expected the visit after the doctor called. Derived noun 
 

Linear Mixed Effects Regression models of the data with derivation as a predictor, and item, 
subject, and acceptability judgement rating as fixed effects (see graph) revealed a significant 
main effect of Derivation on log reading time at the critical region (paint/visit). In the Derived 
conditions (1b/d), paint/visit was read significantly slower than in the Underived conditions 
(1a/c) in first pass reading time, regression path reading time, and total reading time at the 
critical region (p < 0.05). Other measures and other regions did not reach significance. There 
was some interaction between Derivation x Base Category. This experiment suggests that 
the slower reading time for the derived words is a result of the structural complexity of zero-
derivation. This result is not predicted from an analysis of categorically ambiguous words 
where no morphological derivation is involved or in which morphological complexity does not 
impede sentence comprehension. Furthermore, this result supports the claim that the 
sentence processing mechanism is sensitive to the presence of invisible suffixes, and that 
structure is built even without visible morphological elements. 
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Processing causatives in naturalistic data 
Guanghao You, Moritz Daum & Sabine Stoll (University of Zurich) 
guanghao.you@uzh.ch 
 
Here we propose a new computational processing approach that simulates human processing 
of verb meaning in naturalistic utterances. We exemplify this method in simulating the 
processing of causatives (verbs like ‘kill’, ‘hit’, etc.) in large corpora of different genres. 
Causation is one of the main features of human cognition and language and a central feature 
expressed by verbs. Causatives are either expressed morphologically (e.g. Turkish, güldürmek 
‘to make someone laugh’), periphrastically (e.g. She made me laugh.) or lexically (e.g. He broke 
the vase.). While periphrastic and morphological causative constructions can usually be easily 
processed by detecting periphrastic verbs (e.g. ‘make’ in English) and affixes (e.g. ‘-(s)ase’ in 
Japanese), lexical causatives have no explicit marker and are therefore much more difficult to 
process and generalize. The goal of this paper is to test whether there is genre-specific 
information that helps processing. We test whether child-directed speech exhibits a different 
distribution of cues for processing than spoken adult-to-adult language and written language.  

Our data consist of corpora of three different discourse genres: the written corpus in the 
British National Corpus (BNC) (6856983 utterances), dialogues in the BNC spoken corpus 
(756944 utterances) and child-directed speech in the Manchester language acquisition corpus 
(Theakston et al., 2001) (258993 utterances). We employ the skip-gram word embeddings 
(word2vec) algorithm (Mikolov et al., 2013) with an adjustable window to generate high-
dimensional vector representations for verbs. This allows us to simulate the human parser in 
testing various models of information processing. We run the word2vec model in three 
conditions with incremental syntactic complexity: (i) raw utterances in the corpora, (ii) post-
verbal parts of speech, and (iii) universal dependencies. In (ii) and (iii) the syntactic information 
is fed to the model in three different orders: syntax ahead of raw utterances and vice versa, and 
a third order that shuffles all training instances. We set up a group of prototypical causatives 
and one of non-causatives as gold standard and measure the semantic distance between these 
two groups through hierarchical clustering. Our main finding is that syntax plays a different role 
for causative inference in different genres. In the written corpus, models built solely on raw 
utterances generally perform below the baseline, while adding syntactic information improves 
the performance. In particular, post-verbal parts of speech help to largely enhance the 
differentiation in most cases. Further, the order of feeding syntactic information to the model 
drastically influences the performance. Feeding syntax after raw utterances worsens the results 
across all window sizes. Adult-to-adult dialogues show no clear patterns in the processing of 
lexical causatives but often show improved results when syntax is added. While syntactic 
information is favored in the two genres taken from the BNC, child-directed speech consistently 
renders a relatively high performance purely based on raw utterances, in which the group of 
prototypical causatives and that of non-causatives are clearly differentiated (p<0.05, Cohen’s d 
effect size>0.8 under all window sizes). We suggest that the processing of verb meaning relies 
on different cues in the three genres: in child-directed speech it can be successfully processed 
by relying on the semantics of neighboring words whereas in spoken adult language and written 
language it is best processed by relying on structural information of the neighboring words. We 
discuss the relevance of these findings for first language learning and adult processing 
research.  
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+RZ PXFK GRHV YHUE VHPDQWLFV GHWHUPLQH YHUE V\QWD["

0DULHOD 9� -HQQLQJV �%RVWRQ &ROOHJH�� 0DUWKD 3DOPHU �8QLYHUVLW\ RI &RORUDGR %RXOGHU�� 	 -RVKXD .� +DUWVKRUQH
�%RVWRQ &ROOHJH�

LQIR#O�DWEF�RUJ

9HUEV YDU\ LQ WHUPV RI ZKLFK V\QWDFWLF IUDPHV WKH\ FDQ DSSHDU LQ� ,Q SULQFLSOH� WKLV FRXOG EH DQ XQSUHGLFWDEOH
IDFW DERXW WKH YHUE WKDW PXVW EH DFTXLUHG� PXFK OLNH WKH SKRQRORJLFDO IRUP RI WKH YHUE� +RZHYHU� PDQ\ WKHRULVWV
SRVLW WKDW WKHUH LV D V\VWHPDWLF UHODWLRQVKLS EHWZHHQ WKH VHPDQWLFV RI D YHUE DQG WKH V\QWDFWLF IUDPHV LQ ZKLFK LW FDQ
DSSHDU �/HYLQ DQG +RYDY� ������ 7KLV 6HPDQWLF &RQVLVWHQF\ +\SRWKHVLV KDV SOD\HG D FHQWUDO UROH LQ PDQ\ WKHRULHV RI
ODQJXDJH DFTXLVLWLRQ DQG SURFHVVLQJ �H�J�� *OHLWPDQ� ������

'HVSLWH LWV WKHRUHWLFDO LPSRUWDQFH� WHVWV RI WKH 6HPDQWLF &RQVLVWHQF\ +\SRWKHVLV DUH VFDWWHUHG� 7KLV LV D IXQF�
WLRQ RI VFDOH� ZLWK WKRXVDQGV RI YHUEV� KXQGUHGV RI IUDPHV� DQG GR]HQV RI SXUSRUWHGO\ GHWHUPLQDWLYH VHPDQWLF IHDWXUHV�
LW LV GLIILFXOW WR VWXG\ PRUH WKDQ D WLQ\ IUDFWLRQ� :KLOH UHVHDUFKHUV KDYH LGHQWLILHG DW OHDVW ��� YHUE FODVVHV LQ (QJOLVK
�JURXSV RI YHUEV WKDW DSSHDU LQ DOO DQG RQO\ WKH VDPH V\QWDFWLF IUDPHV� �.LSSHU HW DO�� ������ RQO\ D IHZ KDYH EHHQ
V\VWHPDWLFDOO\ LQYHVWLJDWHG�

:H DGGUHVV WKH LVVXH RI VFDOH WKURXJK FURZG�VRXUFLQJ� UHFUXLWLQJ ODUJH QXPEHUV RI YROXQWHHUV� HDFK RI ZKRP
PD\ SURYLGH RQO\ D IHZ DQQRWDWLRQV� 8OWLPDWHO\� ZH KRSH WR VWXG\ ����� YHUEV DFURVV ��� YHUE FODVVHV� 7R GDWH�
ZH KDYH IRFXVHG RQ �� YHUE FODVVHV FRYHULQJ ����� YHUEV DQG ������ YHUE�IUDPH FRPELQDWLRQV� )RU HDFK VHPDQWLF
IHDWXUH DQG IRU HDFK YHUE�IUDPH FRPELQDWLRQ� ZH FRQWLQXH FROOHFWLQJ GDWD XQWLO WKHUH LV XQDPELJXRXV DJUHHPHQW DFURVV
DQQRWDWRUV� DV GHWHUPLQHG E\ D PRGLILHG HQWURS\ FULWHULRQ �H[SODLQHG LQ WKH SUHVHQWDWLRQ�� $QDO\VLV IRFXVHV RQ WKHVH
³ILQLVKHG´ LWHPV �VHH 7DEOH ���

:H VHOHFWHG VL[ VHPDQWLF IHDWXUHV IURP WKRVH PRVW FRPPRQO\ LQYRNHG LQ SULRU WKHRUHWLFDO ZRUN� :H DOVR LQ�
FOXGHG RQH VHPDQWLF IHDWXUH �(9$/8$7,21 ± URXJKO\� ZKHWKHU DQ HYHQW LV JRRG RU EDG� WKDW KDV QRW EHHQ LQYRNHG�
ZKLFK SURYLGHV D FRQWURO� (DFK WDVN ZDV H[WHQVLYHO\ SLORWHG WR HQVXUH DQQRWDWRUV XQGHUVWRRG WKH LQVWUXFWLRQV�

$W WLPH RI DQDO\VLV� ZH KDYH REWDLQHG ������� DQQRWDWLRQV IURP ������ DQQRWDWRUV �VHH )LJXUH � IRU PRUH
LQIRUPDWLRQ DERXW SDUWLFLSDQW FRQWULEXWLRQV�� VXIILFLHQW WR DQDO\]H DQ DYHUDJH RI ����� YHUE�IUDPH FRPELQDWLRQV SHU
VHPDQWLF IHDWXUH �VHH 7DEOH ��� :H RSHUDWLRQDOL]HG ³VHPDQWLF FRQVLVWHQF\´ DV WKH SHUFHQWDJH RI YHUEV LQ D FODVV WKDW
KDYH WKH VDPH DQQRWDWLRQ� )RU LQVWDQFH� LI HYHU\ YHUE LQ D FODVV LQYROYHV WKH YHUE¶V VXEMHFW XQGHUJRLQJ D SK\VLFDO
FKDQJH� WKDW FODVV ZRXOG KDYH ���� FRQVLVWHQF\ IRU WKH 3+<6,&$/ &+$1*( IHDWXUH� %HFDXVH D YHUE¶V VHPDQWLFV
RIWHQ GHSHQGV RQ WKH V\QWDFWLF IUDPH LW LV LQ �*ROGEHUJ� ����� /HYLQ 	 5DSSDRUW +RYDY� ������ ZH FDOFXODWH FRQVLVWHQF\
VHSDUDWHO\ IRU HDFK V\QWDFWLF IUDPH DQG WKHQ DYHUDJH�

6HPDQWLF FRQVLVWHQF\� DYHUDJHG DFURVV YHUE FODVVHV� ZDV QHDU FHLOLQJ IRU RXU VL[ FULWLFDO VHPDQWLF IHDWXUHV �VHH
7DEOH�� 7KLV VWURQJO\ VXSSRUWV WKH 6HPDQWLF &RQVLVWHQF\ K\SRWKHVLV� ,QWHUHVWLQJO\� VHPDQWLF FRQVLVWHQF\ ZDV PXFK
ORZHU IRU WKH FRQWURO IHDWXUH �(9$/8$7,21�� OHQGLQJ VXSSRUW WR WKH FODLP WKDW VHPDQWLF FRQVLVWHQF\ LV VSHFLILF WR VRPH
³FRUH´ VHW RI VHPDQWLF IHDWXUHV �-DFNHQGRII� ����� 3LQNHU� ������ ,Q WKH SUHVHQWDWLRQ� ZH FRQVLGHU KRZ WKH VSHFLILF
ILQGLQJV �ZKLFK YHUEV LQYROYH ZKLFK IHDWXUHV� VHH 7DEOH �� FRPSDUH WR SULRU WKHRUHWLFDO ZRUN�

'HVSLWH EHLQJ WKH PRVW FRPSUHKHQVLYH LQYHVWLJDWLRQ RI WKH 6HPDQWLF &RQVLVWHQF\ +\SRWKHVLV WR GDWH� LW VKRXOG
EH QRWHG WKDW RXU VWXG\ IRFXVHV RQ RQO\ VHYHQ VHPDQWLF IHDWXUHV IRU RQO\ D IUDFWLRQ RI YHUEV LQ D VLQJOH ODQJXDJH� 7KHVH
UHVXOWV PD\ QRW JHQHUDOL]H� :H DUH FRQWLQXLQJ WR FROOHFW GDWD DQG KRSH WR SUHVHQW UHVXOWV IRU PRUH YHUEV DQG IHDWXUHV
LQ WKH IXWXUH�

�
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7DVN 6HPDQWLF )HDWXUH $QQV� $QQV��,WHP ,WHPV 'RQH ,WHPV 7RWDO &RQVLVWHQF\
(QWURS\ 3+<6,&$/ &+$1*( ������ � ���� ���� ���
(TXLOLEULXP $33/,&$7,21 2) )25&( ������ � ���� ����� ���
([SORGH RQ &RQWDFW 3+<6,&$/ &217$&7 ������ � ���� ���� ���
)LFNOH )RON &+$1*( 2) 0(17$/ 67$7( ������ � ���� ���� ���
3KLORVRSKLFDO =RPELH +XQWHU 0(17$/ 67$7( ������ � ���� ���� ���
6LPRQ 6D\V )UHH]H /2&$7,21 &+$1*( ������ � ���� ���� ���
$ *RRG :RUOG (9$/8$7,21 ������ � ���� ����� ���

7DEOH �� 7DVN� VHPDQWLF IHDWXUH� QXPEHU RI DQQRWDWLRQV� PHDQ DQQRWDWLRQV�LWHP� QXPEHU RI LWHPV IXOO\ DQQRWDWHG� PHDQ
FRQVLVWHQF\�

7DVN 6HPDQWLF 3UHGLFDWH 7HVWHG 9HUE1HW ��� &ODVV 9HUE&RUQHU 5HVXOWV �PRGDO UHVSRQVH FRQVLVWHQW ZLWK 9HUE1HW�
(TXLOLEULXP $33/,&$7,21 2) )25&( SXVK��� <HV
6LPRQ 6D\V )UHH]H /2&$7,21 &+$1*( GULYH���B� <HV
6LPRQ 6D\V )UHH]H /2&$7,21 &+$1*( WKURZ���B� <HV
6LPRQ 6D\V )UHH]H /2&$7,21 &+$1*( SRXU��B� 1R
([SORGH RQ &RQWDFW 3+<6,&$/ &217$&7 SHOW���B� <HV
([SORGH RQ &RQWDFW 3+<6,&$/ &217$&7 VZDW���B� <HV

7DEOH �� 3UHOLPLQDU\ ILQGLQJV IURP VRPH 9HUE&RUQHU WDVNV � FRQVLVWHQF\ ZLWK 9HUE1HW VHPDQWLF SUHGLFDWHV

)LJXUH �� +RZ PDQ\ DQQRWDWLRQV GR SDUWLFLSDQWV FRQWULEXWH"

�



Comprehension of agreement mismatch errors in language transfers to non-congruent 
musical preferences 

Mythili Menon and Drew Colcher (Wichita State University) 
mythili.menon@wichita.edu  

The effects of language on musical processing have received very little attention. Existing 
results do not investigate the question of which cognitive mechanisms are shared between the 
two domains. An area of potential overlap of processing is structural prediction (Koelsch, 2012). 
Music listeners can make implicit predictions about abstract chord functions depending on the 
context (Patel, 2012). In this study, we investigate whether participants are less sensitive to 
“errors” in chord progression after they are exposed to a sentence in which the subject and verb 
mismatch in number (agreement attraction). Our results show that after reading a grammatical 
subject-verb agreement sentence and answering a comprehension question, participants show a 
preference for the musically congruent chord progression. However, when they read a 
mismatched (ungrammatical) sentence, their preference shifts significantly.  

In this experiment, we investigated (i) whether comprehension of subject-verb agreement 
errors transferred to dissonance of musical chords played on guitar (stimuli that are easily 
recognized by listeners as being part of the domain of music), and (ii) whether comprehension of 
subject-verb matches transferred to congruence of musical chords. We used a 2 x 2 design with 
a) agreement match (match/mismatch) and b) ambiguous number (singular/plural) as factors. We 
provided participants (N= 36, 20 targets, 20 fillers) with subject-verb agreement sentences in (1).  

The musical targets were structured using western music theory in the major diatonic scale 
in two keys - G and C - as well as their relative minor keys (E and A minor). They consisted of a 
series of 7 chords, the last of which acts as a coda that refers back to the body of the piece in a 
particular way. In the Match condition, all of the chords in the series strictly adhere to scale theory 
and fit in the given key without the inclusion of any variations. The coda of these Match targets is 
a repeat of the 2nd or 3rd chord in the series. In the Mismatch condition, the final “coda” chord 
contains notes that are outside of the 7-note structure of the key in which the rest of the 6 chords 
are played. In Ambiguous Singular condition, the “coda” chord contains tonal variations to the 
scale, that are canonical, recognizable variations in the realm of western music (a so-called “7 
chord” in the 5th degree of a minor scale, e.g.); in Ambiguous Plural, both the coda and one of 
the body chords of the series (2nd or 3rd chord, depending on the sample) contain such variations. 
Baseline samples were also recorded, consisting of either 3 or 4 chords in one of the 
aforementioned keys, with no ambiguity and a different structure than critical conditions. 

The procedure of the experiment was as follows. Participants read a sentence in one of 
the conditions and answered a comprehension question (see (2)), following which they heard two 
musical targets. They were asked to choose which target they preferred. We also included a 
baseline condition to find which musical targets people preferred overall.  

We find an overlap between syntactic processing and musical processing (as in Figure 1). 
There was a main effect of agreement match (p < 0.03). In the baseline, we find an overall 
preference for the congruent musical target. Furthermore, in the subject-verb Match condition, 
participants continue to prefer the congruent musical condition over the non-congruent target. On 
the contrary, in the subject-verb Mismatch condition, we find participants prefer the non-congruent 
musical target significantly. We find no differences between the Ambiguous Singular condition 
and the Ambiguous Plural condition. In both cases, participants prefer the non-congruent target. 

Our results show that parsing an ungrammatical sentence can lead to preference for the 
non-congruent musical piece. Our novel results provide evidence for a cue-based retrieval 
analysis (Lewis and Vasishth, 2005, McElree, 2006) for music. This in turn implies that the coda 
used in the musical stimuli acts like the verb in agreement attraction sentences, providing a source 
of information for cue retrieval. It also suggests an overlap in structural parsing between language 
and music resulting from shared cognitive demands.    
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(1) 
 

Linguistic Stimuli 
(inanimate nouns, counterbalanced for number) 

Condition 

[The key] to [the cabinets] [was rusty from many years of disuse]   Match  
[The key] to [the cabinets] [were rusty from many years of disuse] Mismatch  
[The screen] of [the phone] [was cracked from top to bottom] Ambiguous Singular  
[The mugs] on [the shelves] [were still wet from being washed] AmbiguousPlural  
The bottle was bent.  Baseline 

 
(2)  
 

Comprehension Question Forced Choice options 
What rusty = ? key        cabinets   
What wet = ? shelves  mugs 
What cracked = ? screen   phone  

 
(3)  
 

 
Figure 1: Results of Comprehension Experiment  
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An ERP study on semantic effects on the processing of adjunct island violations 
Annika Kohrt & Dustin A. Chacón (University of Minnesota) kohrt008@umn.edu  

 In processing filler-gap dependencies (FGDs), comprehenders instigate a search for a gap 

shortly after encountering the filler. This process is suppressed in syntactic island constructions 

[1–3], suggesting rapid deployment of grammatical constraints. However, some constructions 

have debatable island status. Adjunct clauses are described as syntactic islands [4–6]. 

However, [7] argues that the island status of adjunct clauses varies according to semantic 

features. For instance, main clause achievement VPs permit a FGD to cross into an activity 

adjunct clause (What coffee did you arrive [drinking _]?), but main clause activity VPs do not 

(?*What coffee did you work [drinking _]?). 

 [8] investigated whether the semantic features of the main clause VP affected the 

processing of an FGD resolving in an adjunct. They found increased processing difficulty at the 

adjunct clause if the main VP was an activity, compared to achievement VPs. They attributed 

this to difficulty in semantically associating two activity VPs. However, if the main VP was an 

achievement, and the FGD was a plausible object for the adjunct VP (e.g., coffee), they found 

increased processing difficulty. To explain this, they proposed that gaps are not initially 

postulated in adjunct clauses. But, comprehenders may selectively reanalyze the sentence to 

accommodate a gap in this position, increasing processing time. 

 We understand the proposal by [8] to have two components: (1) semantically associating 

two activity VPs is harder than an achievement VP and activity VP, and (2) reanalysis occurs for 

plausible FGDs resolving in adjunct clauses, if the main clause VP is an achievement. The 

N400 component has been identified as a measure of difficulty in semantically associating a 

word to a context [9–10]. Thus, we predicted that encountering an activity adjunct VP would 

result in increased N400 amplitude if the main VP was also an activity. The P600 component is 

associated with completing FGDs [11,12], detecting island boundaries [13], and reanalysis [14]. 

We predicted a selective P600 for plausible FGDs resolving in adjunct VPs that attach to 

achievement VPs. Using ERPs, we show that the effect of ±Extractable and ±Plausible 

dissociate and interact, as predicted by [8]. However, we do not find this predicted profile. 

 Experiment. Sixteen (/24 planned) participants read sentences presented at a 500ms 

SOA in an RSVP presentation style. Electrophysiological responses were continuously recorded 

using a 32-channel BioSemi EEG cap. In the target stimuli (144 items; 216 fillers), a FGD 

resolved as the object of an adjunct clause VP (drinking). We manipulated whether the filler was 

a plausible argument for this VP (±Plausible), and whether the main clause VP was an 

achievement (+Extractable; arrived) or activity (–Extractable; worked; Fig. 1). For analysis, we 

conducted ANOVAs at 4 time windows from the critical adjunct verb (drinking), with factors 

±Extractable × ±Plausible × Laterality (Left, Midline, Right) × Anteriority (Anterior, Posterior), 

and we conducted repeated measures ANOVAs in the 6 ROIs (Laterality × Anteriority). In the 

300–500ms time window, an N400 appeared as a main effect of plausibility (F(1, 15) = 6.4, p = 

0.02) over the midline and right regions (with p-values < 0.05). There appears to be a sustained 

anterior negativity in the –Extractable conditions. This may reflect continued search for a gap 

site [15], since –Extractable VPs render the adjunct an island. In the 500–800ms time window, 

there was a main effect of ±Plausibility in the right posterior ROI 5 (F(1,15) = 7.32, p = 0.02), 

and visual inspection suggests a P600 in the –Extractable,+Plausible, unexpectedly. Because 
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the P600 may index detecting an island boundary, this P600 may reflect a selective construal of 

adjunct clauses as an island. 
  ±Plausible  ±Extractable   

 John liked 
the coffee 

the report 
that his best friend 

arrived 

worked 
at the office drinking… 

Figure 1. Sample stimui from experiment. 

 

  
 
Figures 2–3. (Left) Mean voltage amplitude over the 6 ROIs. (Right) Mean voltage amplitude by 

condition at midline electrodes. Clouds = one SE from the mean. 
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Individual Differences in Word Knowledge and Working Memory Capacity Modulate Verb 
Bias Effects 
Kathryn Bousquet, Tamara Swaab, & Debra Long (University of California, Davis) 
kgbousquet@ucdavis.edu 
 
Previous research has established that individuals use probabilistic information regarding how 
frequently a verb appears in syntactic structures (i.e., verb bias) to anticipate the upcoming 
resolution of locally ambiguous sentences (e.g. Garnsey et al., 1997). However, it remains 
unclear whether the use of verb bias is dependent on other cognitive abilities. Word knowledge 
(WK; Traxler & Tooley, 2007) and working memory capacity (WMC; Long & Prat, 2008) have 
been found to affect ambiguity resolution in the context of verb bias manipulations, but recent 
work suggests that individual differences affect offline, but not online, syntactic processing 
(James et al., 2018). 
 
In the current study, we examined whether WK and WMC modulate how individuals process 
locally ambiguous sentences with syntactic structures that are consistent or inconsistent with 
verb bias.  We predicted that WK would influence verb bias sensitivity and WMC would affect 
the ability to recover from violated expectations. We used 960 direct object (DO) / sentential 
complement (SC) ambiguous sentences (240 sentence sets). Sentence sets were created by 
manipulating verb bias and resolving the sentences with either a DO or SC structure (e.g. “The 
nurse heard/believed the patient who lied to her” or “The nurse heard/believed the patient was 
lying to her”). Verb bias was determined using existing norms (Garnsey et al., 1997; Gahl et al., 
2004), as well as a norming experiment involving 80 subjects. DO and SC resolutions were 
closely matched on lexical characteristics and semantic content.  
 
Participants (N=120) completed a self-paced reading task and made a yes/no acceptability 
judgement after each sentence. Each participant read 120 experimental sentences and 90 filler 
sentences (to increase syntactic variability and provide violations for the acceptability task). In 
addition, participants completed the operation and reading span tasks to assess their WMC and 
the vocabulary section of the Nelson Denny to assess their WK. 
  
Mixed effects hierarchical models were conducted to examine if and when WK and WMC 
predicted individual differences in syntactic processing as a function of the verb bias 
manipulation. At both the critical disambiguating word and the post-critical word, WMC 
modulated the interaction between bias and resolution. For SC resolutions, inconsistency (DO 
bias with SC resolution) slowed reading times (RTs) at both the critical and post-critical words 
and the inconsistency effect decreased as WMC increased. For DO resolutions, the interaction 
between bias and WMC was significant at the critical, but not the post-critical, word. At the 
critical word, inconsistency slowed RTs only among low WMC participants. At the post-critical 
word, inconsistency slowed RTs regardless of WMC.  For the acceptability ratings, sentences 
were rated less acceptable when verb bias was inconsistent with the sentence structure; this 
effect was larger for individuals with greater WK.  
 
The results replicate previous findings that verb bias influences expectations for how a sentence 
will be resolved. Moreover, the results indicate that verb bias effects are modulated by both 
language specific and domain general cognitive abilities. Greater WMC enabled individuals to 
recover more quickly when expectations were violated. In addition, the acceptability ratings 
revealed that individuals with greater WK were more sensitive to the consistency between bias 
and structure. Collectively, the results demonstrate a relation between cognitive and linguistic 
factors, and highlight the importance of examining the contribution of individual differences to 
language processing.  
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&DQ LGHQWLW\ FRQGLWLRQV RQ HOOLSVLV EH H[SODLQHG E\ SURFHVVLQJ SULQFLSOHV"
5RELQ /HPNH� /LVD 6FKlIHU 	 ,QJR 5HLFK �6DDUODQG 8QLYHUVLW\�

`Q#BMXH2KF2!mMB@b��`H�M/X/2

%DFNJURXQG �8Q�DFFHSWDEOH VWUXFWXUDO PLVPDWFKHV EHWZHHQ DQWHFHGHQW DQG WDUJHW DUH RIWHQ
XVHG DV HYLGHQFH IRU VHPDQWLF DQG�RU V\QWDFWLF LGHQWLW\ FRQGLWLRQV RQ HOOLSVLV� )RU LQVWDQFH� &KXQJ
������ ��� DUJXHV WKDW WKH DFFHSWDELOLW\ RI SUHSRVLWLRQ RPLVVLRQ XQGHU VOXLFLQJ ��D�� EXW QRW VSURXW�
LQJ ��E�� HYLGHQFHV D V\QWDFWLF LGHQWLW\ FRQGLWLRQ� $OO ZRUGV WKDW DUH RPLWWHG LQ WKH WDUJHW �-RKQ�
GDQFHG� ZLWK� PXVW EH SUHVHQW LQ WKH QXPHUDWLRQ RI WKH DQWHFHGHQW�

��� D� -RKQ GDQFHG ZLWK VRPHERG\� EXW , GRQ¶W NQRZ �ZLWK� ZKR�P��
E� -RKQ GDQFHG� EXW , GRQ¶W NQRZ �ZLWK� ZKR�P��

3URSRVDO :H K\SRWKHVL]H WKDW DW OHDVW VRPH RI WKH HYLGHQFH IRU VXFK VSHFLILF OLFHQVLQJ FRQ�
GLWLRQV FDQ EH H[SODLQHG E\ LQGHSHQGHQWO\ PRWLYDWHG SURFHVVLQJ PHFKDQLVPV� :RUGV DUH KDUGHU
WR SURFHVV WKH OHVV SUHGLFWDEOH WKH\ DUH �+DOH� ����� /HY\� ����� DQG VSHDNHUV WHQG WRZDUGV GLV�
WULEXWLQJ SURFHVVLQJ HIIRUW XQLIRUPO\ DFURVV WKH XWWHUDQFH �/HY\ DQG -DHJHU� ������ 7KLV SUHGLFWV
PLVPDWFKHV WR EH PRUH GHJUDGHG WKH OHVV SUHGLFWDEOH WKH\ DUH� ,Q VOXLFLQJ ��D�� VRPHERG\ SUR�
YLGHV DQ DQWHFHGHQW IRU WKH ZK SKUDVH� ZKLFK KDV WR EH LQIHUUHG LQ VSURXWLQJ ��E� DQG WKHUHIRUH
UHTXLUHV PRUH SURFHVVLQJ HIIRUW� )XUWKHUPRUH� 33 VOXLFHV �ZLWK ZKR� ZLOO EH HDVLHU WR SURFHVV LQ
FDVH RI PLVPDWFKHV DQG VSURXWLQJ� EHFDXVH WKH SUHSRVLWLRQ ZLWK LQFUHDVHV WKH OLNHOLKRRG RI ZKR
DQG FRQVHTXHQWO\ VSUHDGV WKH LQIRUPDWLRQ DERXW WKH VWUXFWXUDO PLVPDWFK DFURVV PRUH ZRUGV�
0HWKRG :H ILUVW UDQ DQ DFFHSWDELOLW\ UDWLQJ VWXG\ LQ RUGHU WR YHULI\ WKH SDWWHUQ LQ ��� DQG WKHQ LQ�
YHVWLJDWHG SURFHVVLQJ GLIILFXOWLHV RQ GHJUDGHG VOXLFHV ZLWK D VHOI�SDFHG UHDGLQJ H[SHULPHQW� %RWK
VWXGLHV ZHUH ZHE�EDVHG �,%(;� DQG FRQGXFWHG LQ *HUPDQ LQ D �×�×� GHVLJQ� &RQVWUXFWLRQ �VOXLF�
LQJ�VSURXWLQJ�� IRUP RI WKH 6OXLFH �'3�33� DQG 0DWFK� L�H� SDUDOOHOLVP EHWZHHQ VOXLFH DQG DQ�
WHFHGHQW ���� :H WHVWHG RQO\ FRQGLWLRQV ��D�I�� EHFDXVH LQ WKH VSURXWLQJ FRQGLWLRQV �J�K�� +DQV
ZRXOG DSSHDU RQO\ LQ WKH �QG FRQMXQFW¶V 93 DQG FDQQRW EH UHFRYHUHG DW DOO XQGHU HOOLSVLV�
5DWLQJ VWXG\ �� VXEMHFWV UDWHG �� LWHPV DQG �� ILOOHUV RQ D ��SRLQW /LNHUW VFDOH ��  IXOO\
DFFHSWDEOH� LQ D ZHE�EDVHG H[SHULPHQW� 7KH DQDO\VLV RI WKH GDWD �ILJ� �� ZLWK &/00V �&KULVWHQVHQ�
����� LQ _ VKRZV WKDW PLVPDWFKHV XQGHU HOOLSVLV DUH UDWHG ZRUVH WKDQ LQ IXOO IRUPV ERWK IRU VOXLFLQJ
DQG VSURXWLQJ �)RUP�(OOLSVLV LQWHUDFWLRQV� χ�VOXLFH = ���.��, S < .���� χ�VSURXW = ���.��, S < .�����
WKDW PLVPDWFKLQJ '3 VOXLFHV DUH ZRUVH WKDQ PLVPDWFKLQJ 33V �)RUP�6OXLFH� χ� = �.��, S < .����
DQG WKDW PLVPDWFKHV XQGHU VSURXWLQJ DUH ZRUVH WKDQ XQGHU VOXLFLQJ ���E� Y� ��I�� χ� = ��.��, S <
.����� 7KLV SDWWHUQ LV LQ OLQH ERWK ZLWK &KXQJ¶V DQG RXU DFFRXQW�
6HOI�SDFHG UHDGLQJ VWXG\ �� VXEMHFWV UHDG WKH IXOO IRUPV� L�H�� LQFOXGLQJ WKH PDWHULDO LQ EUDFNHWV
LQ ��D�I� DQG �� ILOOHUV LQ D PDVNHG VHOI�SDFHG UHDGLQJ SDUDGLJP� :H DQDO\]HG WKH UHVLGXDOL]HG
UHDGLQJ WLPHV �ILJ� �� RI WKH ZK SKUDVH DQG 93 �H�J� �PLW� +DQV JHWDQ]W KDW�� ZKLFK ZH XVHG DV
VSLOORYHU UHJLRQ� ZLWK OLQHDU PL[HG HIIHFWV PRGHOV �HK29� %DWHV HW DO� ������� LQ _� )RU ERWK '3 DQG
33 VOXLFHV ZH ILQG WKDW PDWFKLQJ VOXLFHV ZHUH UHDG VLJQLILFDQWO\ IDVWHU WKDQ PLVPDWFKLQJ VOXLFHV
�χ�'3 = �.��, S < .��� χ�33 = ��.��, S < .����� +RZHYHU� XQOLNH WKH UDWLQJ GDWD PLJKW VXJJHVW� '3
PLVPDWFKHV ZHUH QRW UHDG PRUH VORZO\ XQGHU VSURXWLQJ WKDQ XQGHU VOXLFLQJ �χ� = �.��, S < .���
'LVFXVVLRQ 2XU H[SHULPHQWV VKRZ WKDW ERWK '3 DQG 33 PLVPDWFKHV DUH GHJUDGHG DQG KDUGHU
WR SURFHVV WKDQ PDWFKLQJ VOXLFHV� 7KLV LV H[SHFWHG XQGHU RXU SURFHVVLQJ�EDVHG� EXW QRW XQGHU
&KXQJ¶V DFFRXQW� 7KH DFFHSWDELOLW\ SHQDOW\ IRU VSURXWLQJPLVPDWFKHV DV FRPSDUHG WR VOXLFLQJ LV QRW
UHIOHFWHG LQ VLJQLILFDQWO\ ORQJHU UHDGLQJ WLPHV� :H DUH FXUUHQWO\ DGGUHVVLQJ WKLV ZLWK FOR]H VWXGLHV
LQYHVWLJDWLQJ ZKHWKHU WKH PDLQ YHUE �WR GDQFH LQ ���� PLJKW VHUYH DV D FXH WRZDUGV D PDWFKLQJ
VHFRQG FRQMXQFW LQ VSURXWLQJ DQG WKXV IDFLOLWDWH WKH SURFHVVLQJ RI PLVPDWFKLQJ VHFRQG FRQMXQFWV�
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Agreement attraction in a mixed agreement system: Evidence from Hindi 
Sakshi Bhatia & Brian Dillon (University of Massachusetts, Amherst) 

sakshibhatia@umass.edu 
Hindi shows verb agreement with subjects (like English) and objects, but in complementary 

structural contexts: subject agreement occurs when the subject is not marked for case, object 
agreement occurs when the subject has overt case but the object does not. We use this unique 
property of Hindi to test the claim that agreement processing relies on cue-based retrieval of the 
agreement controller from memory [1]. According to this view, the process of selecting an 
agreement controller is subject to similarity-based interference: morphosyntactic similarity 
between an agreement controller and a distractor noun will increase the probability of agreement 
errors [1,2,3]. In Hindi, this predicts that what makes an attractor noun likely to cause attraction 
will differ for subject agreement and object agreement. For subject agreement, the subject cues 
used to retrieve the agreement controller should create greater interference from subject 
attractors than object attractors. For object agreement, the opposite is predicted: greater 
interference from object attractors than subjects. To test this hypothesis, we examined agreement 
attraction in Hindi in subject agreement and object agreement contexts. 

Experiment 1: Subject Agreement: Items were presented word by word in centered RSVP 
format followed by a speeded binary choice decision task (timeout=3s) where participants 
selected a singular verb or a plural verb as the appropriate completion using a button-press [4] 
(NParticipants=60, NItems=36). Attraction was expected to manifest as an increased error rate in 
Mismatch conditions. (1) provides a sample stimulus set. The singular subject is the agreement 
controller; the main clause object and the relative clause subject are potential attractors. The 
attractor role and features were manipulated jointly. In the Match condition all nouns had the same 
number feature (singular). In the Subject mismatch condition the attractor subject had a 
mismatching specification (plural). In the Object mismatch condition the object attractor had a 
mismatching specification (plural). The proportion of correct responses is in Figure 1A. Accuracy 
in this experiment was high, with the greatest error rate in the Subject mismatch condition. We 
coded our conditions using Helmert coding, and fit a maximal logistic regression model to the 
probability of an error. The effect of attractor role (Subject mismatch vs. Object mismatch) was 
modest but significant (p = 0.04), as predicted by cue-based memory retrieval. The effect of 
feature mismatch (Match vs. both mismatch conditions) was also significant (p=0.045), but this 
seemed to be driven by the errors in the Subject mismatch condition. 

Experiment 2: Object Agreement: We next tested for interference in object agreement. In (2) 
the main clause object is the agreement controller because the subject has overt case-marking 
(ne). Attractor role and Features were manipulated in a 2x2 design: we varied the grammatical 
role of the attractor (Subject vs Object) and the number features of the attractor (Match (singular) 
vs. Mismatch (plural)). The experimental method was identical to E1 (NParticipants=60, NItems=36). 
The proportion of correct responses is in Figure 1B. We observed robust agreement attraction in 
object agreement: Hindi speakers made a substantial number of errors in the Mismatch 
conditions. However, error rates were similar for subject attractors and object attractors. 
Correspondingly, we saw only a significant effect of attractor number in a logistic regression model 
(p<0.001), but no interaction of grammatical role and feature match. 

Overall, we observed clear agreement attraction effects for object agreement in Hindi, and 
modest effects for subject agreement. Our results thus provide further evidence that object 
agreement, like subject agreement, is susceptible to attraction [5]. We found some evidence in 
support of the retrieval hypothesis for subject agreement (E1), but not object agreement (E2). 
Overall, the attractor’s grammatical role did not appear to consistently modulate the rate of 
attraction. We saw a contrast in error profiles in subject agreement (E1), with a low rate of 
attraction, and object agreement (E2), with a higher rate of attraction. This contrast may be due 
to different structural properties of the sentences across experiments: the attractor appears inside 
a modifier of the grammatical agreement controller in E2, but not in E1.  
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Experiment 1: Subject Agreement   
Item template (‘{…}|{…}’ =response options) 
1. (a) Match      S OSINGULAR [RC…RC-SSINGULAR…]  V {AUXSINGULAR}|{AUXPLURAL}  

(b) Subject mismatch  S OSINGULAR [RC…RC-SPLURAL…]  V {AUXSINGULAR}|{AUXPLURAL} 
(c) Object mismatch   S OPLURAL [RC…RC-SSINGULAR…]  V {AUXSINGULAR}|{AUXPLURAL} 

Sample Item 
Mira       (a) vah billi  [jise    vah raanii   DhuundDh rahi thi ] pakaR {rahii hai}|{rahe hain} 
Mira.SING   that cat  who-ACC that queen  search      -ing had catch    -ing was  -ing were 

(b) vah billi  [jise    kuchh raajaa DhuundDh rahe the] 
that cat who-ACC some kings  search       -ing had 

(c)ve kutte [jise    vah raanii   DhuundDh rahi thi   ]            
the dogs who-ACC that queen  search     -ing had 

‘Mira {was}|{were} catching the cat/dogs that the queen/kings had been searching for.’ 
Experiment 2: Object Agreement  
Item template (‘{…}|{…}’ =response options) 
2. (a) Subject attractor, Match   S-ne O [RC…RC-SSING…]  V {AUXSING}|{AUXPLUR} 

(b) Subject attractor, Mismatch  S-ne O [RC…RC-SPLUR…]  V {AUXSING}|{AUXPLUR} 
(c) Object attractor, Match    S-ne O [RC…RC-OSING…]  V {AUXSING}|{AUXPLUR} 
(d) Object attractor, Mismatch   S-ne O [RC…RC-OPLUR…]  V {AUXSING}|{AUXPLUR} 

Sample Item 
Mira-ne   vah billi  (a) [jise    ek chuhiyaa  dekh rahi thi ]  pakaR {lii}     | {liye} 
Mira-ERG  that cat   who-ACC one rat    see  -ing had   catch   took.SING  took.PLUR 

(b) [jise    kai chuhe   dekh rahe the ] 
who-ACC many rats   see  -ing  had  

(c) [jis-ne   ek chuhiyaa  DhuunDh nikali  thi  ] 
who-ERG one rat    found    out     had  

(d) [jis-ne   kai chuhe   DhuunDh nikale the ]  
who-ERG many rats   found    out     had   

‘Mira {hadSING}|{hadPLUR} caught the cat that the rat(s) had been staring at / had found the rat(s).’ 

    
Fig. 1A/B. Proportion of correct responses (E1 on left, E2 on right). Error bars plot 95% Cis.    
[1] Badecker & Lewis. (2007). CUNY. [2] Badecker & Kuminiak. (2007). Journal of Memory and 
Language. [3] Slioussar. (2018). Journal of Memory and Language. [4] Staub. (2009). Journal of 
Memory and Language. [5] Santesteban, Pickering & Branigan. (2013). Journal of Memory and 
Language. 



Matrix verb transitivity acts as a cue for parasitic gapping in Swedish 
In an eyetracking study of Swedish relative clause extractions, Tutunjian, Heinat, Klingvall, and 
Wiklund (2017) found evidence for incremental, filler-gap integration inside complex subjects 
involving a relative clause (SRC), where it was expected to be blocked (Traxler & Pickering, 
1996). Tutunjian et al. (2017) hypothesized that dependency formation at the gap sites arose 
not because Swedish was exceptional in regard to islands, but rather on account of parasitic 
gapping (PG), a phenomenon in which an illicit gap is made licit by the presence of a licit gap 
elsewhere in the sentence (Engdahl, 1983). Tutunjian et al. proposed that because the di-
transitive matrix verbs used in their study acted as a cue for an upcoming clausal object (and 
thus a second potential gap), they provided a form of look-ahead which facilitated the 
postulation of PG inside the subject island. However, this assumption was not directly tested in 
Tutunjian et al. (2007). 
     In the current study, we used a filled-gap, eyetracking while reading paradigm to investigate 
whether matrix verb transitivity affects the likelihood of the parser incrementally engaging in PG 
in Swedish SRCs. Such a finding would support Tutunjian et al.’s claim that the permeability of 
Swedish SRC islands for filler-gap integration is not exceptional, but can be attributed to 
predictive cues supporting a process that allows dependency formation to circumnavigate 
structural island effects. Our study avoids assessment of PG at the RC verb gap and instead 
uses fixation durations at a following, final verb gap region to infer prior processes at the RC 
verb. To do so, we manipulated matrix verb transitivity (di-transitive, DI; intransitive, INT) and 
the availability of a second potential gap site (gap, GAP; filled gap, FILL). We hypothesized that 
DI matrix verbs (Table 1: 1) would promote PG at the complex subject’s optionally transitive RC 
verb, since DI verbs require a clausal object and thus provide an additional gap site to host PG. 
However, INT matrix verbs (Table 1: 2) were expected to promote a “forced integration” strategy 
at the RC verb, in which the parser, lacking a cue for any additional possible gap site, would 
attempt to fill at the RC verb without establishing/predicting PG. In the DI FILL condition the final 
verb’s filled gap would contradict the predicted PG analysis (already begun at the RC verb) and 
require revision. However, in the INT FILL condition, encountering the additional gap would be 
comparatively easy, since the open dependency would have been resolved at the RC verb, and 
the filled gap would be assessed locally as an argument of the clausal verb. In the DI GAP 
condition, the final verb would provide an additional gap, thus supporting PG processes and 
precluding any revision to verb transitivity and PG postulation at the RC verb. However, in the 
INT GAP condition, prior forced integration at the RC verb would have saturated the open 
dependency without initiating PG, thus requiring revision to PG at the final verb gap site, as 
there would otherwise be no filler available to saturate that verb, and thus incurring a cost. 
     Fifty-five native Swedish speakers (4 lists) participated. We conducted a linear mixed models 
analysis of the final verb (V3) (att visa/”to show”) and following two-word region (V2Spill) (filled 
gap or PG: videofilmerna/”the videos” vs. efter skolan/”after school”), residualized for character 
length. At V3 and V3Spill, total durations displayed significant gap by transitivity interactions 
(p<.01 and p<.001, respectively) in which FG conditions were faster for INT than DI and Gap 
conditions were faster for DI (V3) or the same (V3Spill) for DI and INT. Regression path 
durations at V3Spill also showed a significant interaction, though significance was driven by the 
crossing pattern, not by transitivity differences at FG and Gap. However, the trend was in the 
same direction as seen for total durations. These results suggest that transitivity differentially 
affects PG by acting as a cue to promote PG (DI) or forced integration (INT): A filled gap incurs 
less cost when the matrix does not support PG (INT), since PG will be less likely to occur at the 
RC verb, and consequently any filled gap following V3 will be more likely to attach locally 
without any attempt at PG revision at the RC verb. Conversely, a filled gap at V3 will incur more 
cost when PG is supported (DI), since PG postulated at the RC verb will fail at V3Spill, requiring 
widespread revision. These results support the claim that prior cues such as transitivity affect 
the likelihood of PG in Swedish and thus contribute to apparent exceptions to island constraints. 
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Table 1. Example stimuli by condition, with critical word regions 
(1) DI+GAP/(FILL) Matrix-V         RC-V         Final-V 

Dessa volter övertalade hon som varje tisdag tränade på gymmet sina lärare att visa 

such somersaults persuaded she who every Tuesday practiced at gym-the her teacher to show 
“Such somersaults she who every Tuesday practiced at the gym persuaded her teacher to show 
Wrap Up             

(videofilmerna) efter skolan.                     
(videos-the) after school-the                     
(the videos) after school.” 

(2) INT+GAP/(FILL) Matrix-V  RC-V  Final-V                      
Dessa volter knallade hon som varje tisdag tränade på gymmet hem igen för att visa 

such somersaults walked she who every Tuesday practiced at gym-the home again for to show 
“Such somersaults she who every Tuesday practiced at the gym walked home again to show 

Wrap-Up 

(videofilmerna) 

 . 

                   efter skolan 

(videos-the) after school-the                     
(the videos) after school.” 
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/LQHDU��QRW�ORJDULWKPLF��HIIHFWV�RI�OH[LFDO�SUHGLFWDELOLW\��$�FKDOOHQJH�WR�VXUSULVDO�WKHRU\�
7UHYRU�%URWKHUV�	�*LQD�.XSHUEHUJ��7XIWV�8QLYHUVLW\��0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO��

WUHYRU�EURWKHUV#WXIWV�HGX�
:KLOH�DOO�FRQWHPSRUDU\�PRGHOV�RI�ODQJXDJH�FRPSUHKHQVLRQ�DFFHSW�WKH�LPSRUWDQW�UROH�RI�

VHQWHQFH�FRQWH[W��WKHUH�DUH�GLVDJUHHPHQWV�RYHU�WKH�FRJQLWLYH�PHFKDQLVPV�OLQNLQJ�FRQWH[WXDO�
SUHGLFWDELOLW\�DQG�ZRUG�SURFHVVLQJ�GLIILFXOW\��6SHFLILFDOO\��GLIIHUHQW�PRGHOV�RI�DQWLFLSDWRU\�
ODQJXDJH�SURFHVVLQJ�PDNH�GLYHUJHQW�SUHGLFWLRQV�RYHU�ZKHWKHU�WKH�EHKDYLRUDO�IXQFWLRQ�OLQNLQJ�
ZRUG�SUHGLFWDELOLW\�DQG�UHDGLQJ�WLPH�LV�linear�RU�logarithmic.  

$FFRUGLQJ�WR�VXUSULVDO�WKHRU\��+DOH��������/HY\��������WKH�SULPDU\�GHWHUPLQDQW�RI�RQOLQH�
SURFHVVLQJ�GLIILFXOW\�LV�WKH�QHJDWLYH�log�SUREDELOLW\�RI�D�ZRUG�JLYHQ�WKH�SUHFHGLQJ�FRQWH[W��L�H��
surprisal���7KLV�ORJDULWKPLF�UHODWLRQVKLS�DULVHV�QDWXUDOO\�IURP�DQ�LQFUHPHQWDO��SUHGLFWLYH�
FRPSUHKHQVLRQ�DUFKLWHFWXUH�LQ�ZKLFK�FRPSUHKHQVLRQ�GLIILFXOW\�UHIOHFWV�WKH�PDJQLWXGH�RI�WKH�VKLIW�
RI�SULRU�PHVVDJH�OHYHO�SUREDELOLWLHV�DIWHU�HQFRXQWHULQJ�D�QHZ�ZRUG��$�ORJDULWKPLF�OLQNLQJ�IXQFWLRQ�
EHWZHHQ�ZRUG�SUHGLFWDELOLW\�DQG�UHDGLQJ�WLPH�LV�DOVR�SUHGLFWHG�LQ�WKH�%D\HVLDQ�5HDGHU�PRGHO�
�1RUULV��������%LFNQHOO�	�/HY\���������ZKLFK�FODLPV�WKDW�ZRUG�LGHQWLILFDWLRQ�XQIROGV�E\�RSWLPDOO\�
FRPELQLQJ�FRQWH[WXDO�DQG�SHUFHSWXDO�LQIRUPDWLRQ�WKRXJK�WKH�LQFUHPHQWDO�DSSOLFDWLRQ�RI�%D\HV�
UXOH���

,Q�WKH�SUHVHQW�VWXG\��ZH�WHVWHG�WKH�HPSLULFDO�SUHGLFWLRQV�RI�WKHVH�PRGHOV�LQ�WZR�KLJK�
SRZHUHG�H[SHULPHQWV��8QOLNH�SUHYLRXV�VWXGLHV��ZKLFK�KDYH�XVHG�FRUUHODWLRQDO�DSSURDFKHV�
�6PLWK�	�/HY\��������/XNH�	�&KULVWLDQVHQ���������KHUH�ZH�SDUDPHWULFDOO\�PDQLSXODWHG�OH[LFDO�
SUHGLFWDELOLW\�ZKLOH�KROGLQJ�RWKHU��SRWHQWLDOO\�FRQIRXQGLQJ�OH[LFDO�YDULDEOHV�FRQVWDQW��:RUG�
SUHGLFWDELOLW\�ZDV�RSHUDWLRQDOL]HG�XVLQJ�DQ�RIIOLQH�VHQWHQFH�FRPSOHWLRQ�WDVN��cloze���ZKLFK�KDV�
EHHQ�VKRZQ�WR�EHWWHU�DFFRXQW�IRU�EHKDYLRUDO�UHDGLQJ�WLPHV�WKDQ�FRUSXV�EDVHG�PHDVXUHV��6PLWK�
	�/HY\���������%\�VDPSOLQJ�KHDYLO\�DW�WKH�ORZ�HQG�RI�WKH�SUREDELOLW\�VFDOH��������FOR]H��DQG�
LQFOXGLQJ�D�ODUJH�QXPEHU�RI�LWHPV�DQG�SDUWLFLSDQWV��ZH�ZHUH�DEOH�WR�REWDLQ�VXIILFLHQW�VWDWLVWLFDO�
SRZHU�WR�DGMXGLFDWH�EHWZHHQ�linear�DQG�logarithmic�PRGHOV�RI�OH[LFDO�SUREDELOLW\�HIIHFWV��
+LJK�FOR]H��������Her vision is terrible and she has to wear glasses in class.��
0RGHUDWH�FOR]H��������She looks very different when she has to wear glasses in class.��
/RZ�FOR]H�������Her mother was adamant that she has to wear glasses in class.�

,Q�([SHULPHQW��������SDUWLFLSDQWV�UHFUXLWHG�XVLQJ�0HFKDQLFDO�7XUN�ZHUH�DVNHG�WR�UHDG�
LQGLYLGXDO�VHQWHQFHV�IRU�FRPSUHKHQVLRQ��OLNH�WKH�H[DPSOHV�DERYH��XVLQJ�D�PRYLQJ�ZLQGRZ�VHOI�
SDFHG�UHDGLQJ�SDUDGLJP��,Q�([SHULPHQW����1� �����SDUWLFLSDQWV�ZHUH�DVNHG�WR�QDPH�D�SLFWXUH�
�glasses��DSSHDULQJ�DW�WKH�HQG�RI�DXGLWRU\�VHQWHQFH�FRQWH[WV��ZKLOH�QDPLQJ�ODWHQFLHV�ZHUH�
UHFRUGHG��$V�H[SHFWHG��LQFUHDVLQJ�OHYHOV�RI�ZRUG�SUHGLFWDELOLW\�OHG�WR�UHGXFWLRQV�LQ�SURFHVVLQJ�
WLPH�LQ�ERWK�H[SHULPHQWV��&ULWLFDOO\��LQ�ERWK�H[SHULPHQWV�WKLV�UHODWLRQVKLSV�ZDV�VWURQJO\�OLQHDU��
ZLWK�VLJQLILFDQWO\�EHWWHU�PRGHO�ILWV�IRU�OLQHDU�FRPSDUHG�WR�ORJDULWKPLF�PRGHOV��VHH�)LJXUH�����,Q�
DGGLWLRQ��ZH�FRQGXFWHG�D�VHSDUDWH�PHWD�DQDO\VLV�RI�HLJKW��SUHYLRXVO\�SXEOLVKHG�H\H�WUDFNLQJ�
ZKLOH�UHDGLQJ�VWXGLHV��1� �������7KLV�DQDO\VLV�DOVR�GHPRQVWUDWHG�D�FOHDU�OLQHDU�UHODWLRQVKLS�
EHWZHHQ�SUHGLFWDELOLW\�DQG�UHDGLQJ�WLPH��VXJJHVWLQJ�WKLV�UHODWLRQVKLS�LV�UREXVW�DQG�UHSOLFDEOH��

:H�EHOLHYH�WKLV�OLQHDU�UHODWLRQVKLS�LV�PRVW�FRQVLVWHQW�ZLWK�D�PRGHO LQ�ZKLFK�UHDGHUV�SUH�
DFWLYDWH�VHPDQWLF�IHDWXUHV�DFFRUGLQJ�WR�WKHLU�FRQWH[WXDO�SUREDELOLW\��ZKLFK�LQ�WXUQ�IDFLOLWDWHV�
OH[LFR�VHPDQWLF�DFFHVV��:H�GLVFXVV�WKH�LPSOLFDWLRQV�RI�RXU�UHVXOWV�IRU�VXUSULVDO�WKHRU\�DQG�
%D\HVLDQ�5HDGHU��LQFOXGLQJ�ZKLFK�WKHRUHWLFDO�DVVXPSWLRQV�DUH��DQG�DUH�QRW��FRPSDWLEOH�ZLWK�D�
OLQHDU�UHODWLRQVKLS�EHWZHHQ�SUHGLFWDELOLW\�DQG�UHDGLQJ�WLPH��)LQDOO\��ZH�SURYLGH�PHWKRGRORJLFDO�
UHFRPPHQGDWLRQV�IRU�UHVHDUFKHUV�LQWHUHVWHG�LQ�LQYHVWLJDWLQJ�RU�FRQWUROOLQJ�IRU�WKH�HIIHFWV�RI�
SUHGLFWDELOLW\�GXULQJ�VHQWHQFH�FRPSUHKHQVLRQ���
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Linguistic focus as predictive attention allocation
Shayne Sloggett (Northwestern), Amanda Rysling (UC Santa Cruz) & Adrian Staub (UMass Amherst)
shayne.sloggett@northwestern.edu

Studies of linguistic focus (roughly, major intonational/informational prominence) routinely find that
focused material enjoys a privileged status in sentence comprehension. Comprehenders seem to better
remember focused constituents [1], more reliably detect errors in focused positions [2], and are more
likely to notice changes to material which had been focused [3]. However, there is little consensus
regarding the source of this focus benefit. On the one hand, some studies have found that focused
constituents are read more slowly, and re-read more often [4–6], suggesting that focus prompts readers
to devote more processing resources to focused material so that it is more thoroughly (if more effortfully)
encoded. However, other studies report that focused constituents are read more quickly [7, 8] or allow
comprehenders to respond more rapidly [9]. These have been taken to indicate that comprehenders
use focus to selectively allocate attention, thereby facilitating processing [10]. While these hypotheses
are not inherently incompatible, there remains an empirical tension between the results which motivate
them. Does focus facilitate, or arrest processing? Is its effect immediate, or the product of retrospective
re-processing? The present study addresses these questions using the boundary paradigm in eye-tracking
while reading [11] to test the specific hypotheses that (i) comprehenders predictively allocate attention
to focused material while it is still in the parafovea, before it is directly fixated, and (ii) this increased
attention facilitates processing.

Adapting materials from [9], we used question-answer pairs to manipulate whether a critical word
was focused (±focus). In +focus conditions, the critical word constituted a (partial) answer to a wh-
question which targeted a position late in the sentence, as in (1b). In −focus conditions, the question
shifted focus to an earlier position in the sentence so that the critical word was not in focus. In addition,
we manipulated whether readers had valid parafoveal preview of the critical word (±change). Readers
spend less time reading a word with normal (i.e. valid) preview (the "parafoveal preview benefit") [12,
i.m.a.]. If focus facilitates processing, and readers are predictively allocating attention to likely focused
constituents (i.e. the likely locus of the answer to a wh-question), we expect to find a larger parafoveal
preview benefit when the critical word is focused. The example paradigm in (1) shows the two focus
conditions together with the display-changed critical word.

(1) a. −Focus: Which man was wearing a hat?
b. +Focus: Which hat was the man wearing?
c. Target: The man on the corner was wearing the| { ffaw→blue} hat with a wide brim.

48 items patterned on (1) were constructed for an eye-tracking while reading study (n=60). When
participants initiated a saccade which crossed a boundary preceding the critical word (indicated here
with "|"), a display change occurred which replaced the preview stimulus with the critical target word. In
−change conditions, the preview stimulus was identical to the critical word, while in +change conditions
the preview stimulus was a non-word with similar ascender/descenders to the critical word (e.g. "ffaw").

Figure 1 summarizes reading behavior at the critical word. In duration measures, we found shorter
reading times when readers had valid parafoveal preview of the critical word. In addition, we found
longer reading times when the critical word was focused than when it was not (for results of statistical
modeling, see Table 1). In addition, we found that if parafoveal preview was valid, readers were less
likely to regress from (p<.01), and more likely to skip (p<.001) the critical word. Finally, readers were
less likely to skip the critical word when it was focused, than when it was not (p<.001).

These findings provide no indication that focus facilitates processing; processing of a focused con-
stituent is actually slower, as in [5, 6]. We also find no interaction of parafoveal preview and focus; the
results do not support the hypothesis that a focused word receives additional attention in parafoveal
vision. Nevertheless, the fact that readers are less likely to skip focused material suggests that readers
are aware of which positions in a sentence are most informative, and modulate their eye movements
so as to fixate those positions. In sum, the results confirm that focused words do receive extra atten-
tion during processing, while providing no support to the hypothesis that this attention is specifically
allocated during parafoveal viewing.
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Figure 1: Mean by-subject reading data (n=60). Error bars represent standard error.
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Table 1: Fixed effect t and z-values for models fit to fixation duration and proportion data. Models
consisted of the factors Focus (−focus=−1, +focus=1) and Change (−change=−1, +change=1), and
their interaction. Random slopes and intercepts were included for participants and items, excluding
correlations between random effects. Cells containing significant coefficients (|t|>2; p<.05) are shaded.

Fixed Effects First Fix. First Pass Go-past Total Time Regressions Skipping
Focus 1.47 2.11 1.94 3.27 0.35 4.42

Change 3.13 6.12 6.01 6.55 2.82 4.27
Focus×Change 0.21 0.52 0.72 1.16 0.30 0.45
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Individual strategies for resolving lexical and prosodic cues to certainty 
Marie-Catherine de Marneffe, Miranda Dickerman, Micha Elsner and Shari R. Speer 
(The Ohio State University), demarneffe.@osu.edu 
 

Verbs like think have two different interpretations (Rooryck 2001, Simons 2007): they can indicate 
genuine uncertainty (I think it's this way?), or they can be used to hedge or soften an assertion (I 
think we should drop this). The two interpretations are prototypically associated with different 
prosodic tunes, which elicit reliably different certainty judgments on a continuous rating scale. 
Listeners also use the tunes to decide which of two speakers’ opinions to trust in short dialogues 
(de Marneffe et al. 2017). Here, we use these two tunes in a different experimental paradigm to 
probe explicit judgments of whether a speaker is certain or not. In this metalinguistic task, we find 
large individual differences between participants in how they resolve conflicting lexical and 
prosodic cues. A reanalysis of data from de Marneffe et al. (2017) shows that their effects were not 
driven by individual differences, suggesting that while participants’ behavior in social settings is 
gradient, their conscious judgments about their interlocutors may not be. 
We used a “blicket” task (Gopnik & Sobel 2000): our “blicket” detector lights up when a blicket is put 
on it. Participants are told that our puppet, Kathryn, has been learning to distinguish “blickets” from 
ordinary pompoms. In each trial, the experimenter shows a pompom to Kathryn, who utters one of 
the four stimuli in Table 1 (telling us whether she believes the pompom is or isn’t a blicket). Two 
tunes are used for the “I think it is” utterance: in both instances, think receives a H* accent; the “polite” 
hedging tune ends in H* L-L%, whereas the “uncertain” tune ends in L* H-H% typically associated 
with interrogatives. To provide a felicitous context for hedging utterances, Kathryn’s utterances are 
preceded by a comment from a ‘dumb puppet’ who urges sorting the pompom based on its color; we 
demonstrate in a pre-trial phase that color is irrelevant. Participants test Kathryn’s sorting skill. Their 
task is to place each pompom in one of three jars: yes or no when Kathryn states a clear opinion on 
which she should be scored, and not sure if she needs more practice on the item later. After they 
have sorted her responses, they verify her choices with the detector.  
20 adult participants heard 20 trials. We first show the results averaged over participants (Figure 1), 
which are similar to those reported in de Marneffe et al. 2017 (Figure 2, where people trusted the 
speaker uttering the “polite” tune much more than when the “uncertain” tune was used). We found 
that bare assertions were overwhelmingly judged as certain (yes/no jars). Explicit statements of 
uncertainty (I don’t know) were judged as uncertain. The critical stimuli fall between these, with the 
“polite” tune judged as more certain than the “uncertain” tune (Binomial GLM with random effects by 
participant [LME4]: p<0.001). We next look for individual differences. The left panel in Figure 3 shows 
that, over the 6 trials where Kathryn produced the “polite” tune, most participants assigned all 6 to 
the yes jar. However, the distribution is bimodal: participants who deviate from this pattern are most 
likely never to choose yes. The right panel shows the same pattern for the “uncertain” tune; the 
modal response is not sure but some participants assigned all these trials to yes. Based on these 
findings, we assigned participants to four groups: half of the participants are prosodically tuned, 
assigning the “polite” tune to yes and the “uncertain” one to not sure; 20% of the participants are 
lexically tuned, assigning both tunes to not sure due to the lexical item think; 15% of the participants 
are lexically and prosodically insensitive, assigning both tunes to yes (presumably because of 
Kathryn expressing an opinion); and the remaining 15% switch answers midway for the polite and 
uncertain tunes. Preliminary results show a trend for less prosodic sensitivity in male participants. 
Reanalysis of de Marneffe et al. (2017) data shows that such individual differences do not emerge 
(Figure 4); the distribution is not bimodal but gradient. When presented with the same tunes and 
asked which speaker’s opinion was right, participants were more influenced by prosody than in the 
present experiment, where some participants tuned more to the lexical item think. 
Overall our results show that the experimental paradigm has an effect in how participants weigh 
lexical and prosodic cues. When participants are explicitly asked to make a judgment about speaker 
certainty, individual differences emerge in the ways that participants weigh the cues. 
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Table 1. Stimuli in experiment 
 Condition # trials Utterance Expected behavior 
Control Assert 2 Yes it is. Yes jar 

Negate 2 No, it is not. No jar 
Don’t know    4 I don’t know. Not sure jar 

Critical Polite 6 I think it is. 
    H*     H*  L-L% 

Yes jar 

Uncertain 6 I think it is? 
    H*     L* H-H% 

Not sure jar 

 
Figure 1. Experiment results       Figure 2. Results in de Marneffe et al. 2017 

 
 
Figure 3. Individual patterns in the “blicket” experiment 

 
 
Figure 4. Individual patterns in de Marneffe et al. (2017) 
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Each panel shows a short dialogue in 
which one speaker uses think and the 
other disagrees, using a bare assertion.  
x-axis indicates number of trials on which 
participants trust the speaker using think. 
Participants who behave categorically are 
counted in the leftmost and rightmost bars. 
 

Each panel shows a different condition; the x-
axis indicates the number of trials on which 
participants selected the yes response and the 
y-axis gives the count of participants. 
Participants who behave categorically are 
counted in the bars 0 (no yes) or 6 (all yes). 
 



A cross-sectional study of non-native Spanish sentence processing 
Russell Simonsen & Dustin A. Chacón (University of Minnesota) 

simon479@umn.edu 
      Second language (L2) learners are argued to construct “shallow” (i.e., less detailed) 
sentence structures and underuse grammatical information when processing their non-native 
language [1]. For instance, English-speaking learners of Spanish often struggle to interpret non-
SVO sentences [2]. As an additional complication for L2 Spanish learners, variations in word 
order are closely linked to verb type: SVO word order is canonically used with verbs denoting an 
action (escribir ‘to write’), but OVS is canonical with verbs denoting a psychological experience 
(‘psych verbs’, importar ‘to matter’). Native Spanish speakers process these canonical patterns 
more easily than non-canonical ones and also use word order cues to predict the lexical class of 
upcoming verbs [3,4]. We explored whether L2 learners are sensitive to the canonicity of word 
order/verb class, and tracked the development of this in a cross-sectional study, filling a critical 
void in L2 research [5].  

We examined the sensitivity to verb class and word order in native speakers and three 
groups of L2 Spanish learners. We found that all four groups read SVO word order more quickly 
than OVS. Native Spanish speakers read SVO word order more quickly with action verbs (= 
non-psych), replicating the results in [3]; advanced L2 learners showed this same interaction 
between SVO word order and action verbs. Unlike advanced learners/native speakers, 
beginner/intermediate learners only showed sensitivity to word order differences—not to the 
interaction between verb class and word order. We propose that beginner and intermediates 
construct detailed grammatical representations in processing, but are unable to use syntactic 
information to make predictions about verb class like advanced learners/native speakers [4]. 
      Experiment. A self-paced reading task (24 items; 40 fillers) was completed by three L2 
Spanish speaker groups with different proficiencies: beginner (4th semester students; n=33), 
intermediate (Spanish majors; n=30), and advanced (Spanish MAs/PhDs; n=26). A control 
group of native Spanish speakers (n=26) also completed the task. Target sentences appeared 
in four conditions in a 2 × 2 design: SVO/action verb; SVO/psych verb; OVS/action verb; 
OVS/psych verb. Sentences were presented in segments, with three critical regions and two 
spillover regions. In all conditions, the critical regions were: (0) the first NP argument, (1) the 
verb, and (2) the second NP argument. All sentences were followed by a comprehension 
prompt. In all conditions, comprehenders only needed to read regions 0 and 1 (first argument 
and the verb) to determine whether their word order/verb class expectations were met. The 
second NP region was included in the analysis as a spillover region.  

All correctly answered trials were included for analysis (85% beginners; 90.1% 
intermediates; 94.4% advanced; 91.7% natives). Following [5], we constructed mixed effects 
models for each population with log residual reading times as the dependent variable and Verb 
Type and Word Order as factors. In all groups (beginner; intermediate; advanced; native), 
region two was read significantly faster in SVO sentences than in OVS sentences �ȕ� �-0.09, SE 
= 0.04, t = -2.31, p = 0.02��ȕ� �-0.11, SE = 0.04, t = -2.5, p  �������ȕ� �-0.16, SE = .05, t = -
3.124, p = .002), which shows that all groups were sensitive to word order. However, in the 
advanced and native groups, there was also a significant interaction between word order and 
verb type at the same region �ȕ� �������6(� �������W� �������S� ������ȕ� �������6(� �������W� �
4.45, p < 0.01). We interpret this to mean that advanced learners/native speakers used word 
order to make predictions about the class of verb that would appear in the sentence [4].  

Making such predictions in real time requires a sophisticated understanding of the 
interaction between word order and verb type. While beginner/intermediate learners do not 
show sensitivity to this interaction, they do pay attention to different syntactic patterns (SVO vs. 
OVS), like advanced and native speakers. The results indicate that the main difference between 
groups is the ability to relate word order/verb class information in real time, not the 
“shallowness” of the computed sentence structure [1].  
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 SVO     
 Brenda 

 
le canta/ 

le importa 
a Ernesto 

 y no entiende la razón.. 

    Brenda ‘sings/ 
matters' 

to Ernesto 
 

‘and doesn’t 
understand’ ‘the reason…’ 

 OVS     

 A Brenda 
 

le canta/ 
le importa 

Ernesto 
 y no entiende la razón.. 

 To Brenda ‘sings/ 
matters' 

Ernesto 
 

‘and doesn’t 
understand’ ‘the reason…’ 

Region: 0 1 2 3 4 
 

Table 1. Sample set of stimuli in Experiment, with region labels. 
 

 
 

Figure 1. Mean log reading times by word order and verb type. The boxed reading time 
corresponds to the region in which analysis was conducted (the first post-verbal region).  
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VanPatten. (2013). Routledge. [6] hplab.wordpress.com/2008/01/23/modeling-self-paced-
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Contrastive effects with color, material & scalar adjectives in English, Hindi & Hungarian 
Paula Rubio-Fernandez (MIT) & Julian Jara-Ettinger (Yale) 
prubio@mit.edu 

In her classic eye-tracking paradigm, Sedivy (2004) investigated contrastive inferences 
with different types of adjectives. In hearing ‘Pick up the tall...’ in a display with a tall glass, a 
short glass and a tall jar, it should be possible to anticipate the noun ‘glass’ if the adjective is 
interpreted contrastively. However, without the short glass, it is not possible to disambiguate the 
adjective ‘tall’ (see displays for 2 vs 1 Competitor conditions in Fig.1). Sedivy observed 
contrastive effects with scalar and material adjectives, but not with color adjectives, which she 
interpreted as a result of color adjectives often being used redundantly. However, Aparicio et al. 
(2017) have recently reported contrastive effects with both size and color adjectives. Given 
these inconclusive results, we investigated contrastive inferences with color, material and scalar 
adjectives in three languages with prenominal modification: English, Hindi and Hungarian. 
 While color adjectives are often used redundantly, a number of factors affect the rates of 
redundant color modification (e.g., color typicality; Rubio-Fernandez, 2016). It is therefore 
unlikely that, as Sedivy (2003, 2004) argues, the ‘default description’ for objects with variable 
colors should include a color adjective, making the interpretation of color adjectives non-
contrastive. We suspect that the different results observed with color adjectives in different eye-
tracking studies may be related to methodological differences (note Sedivy’s studies were 
reported in book chapters without Methods sections and are therefore difficult to replicate).  

We hypothesize that, as Sedivy and Aparicio et al. observed, scalar adjectives will reveal 
strong contrastive effects given the semantics of relative adjectives (Kennedy, 2001). While 
color and material are both absolute adjectives, their perceptual properties are different, with 
color contrast being generally easier to detect than material contrast (see Fig.1). We therefore 
predict that contrastive effects should be observed not only with material adjectives, but also 
with color adjectives. As discussed by Sedivy (2003, 2004), the anticipatory effects that mark a 
contrastive interpretation in this paradigm may be manifest in three ways: increased looks to the 
referent (Target boost), less looks to the competitor (Competitor reduction), or both. While future 
research needs to investigate what these different patterns reveal in terms of the underlying 
processes of perception and interpretation, we will follow Sedivy (2003) and take the strongest 
contrastive effects to be those involving a Target boost.  

The eye-tracking samples were collected in the US, India and Hungary (N=28 per 
group), spanning three different language families (West Germanic, Indo-Aryan and Finno-
Ugric). As predicted, strong contrastive effects were observed in the Scalar condition, where all 
three languages revealed a Target boost (English: 4.76% increase in Target fixations between 
1C-2C during the NP window; 95% CI: 0.581% – 9.17%; Hindi: 5.27% increase; 95% CI: -
0.003% – 10.8%; Hungarian: 5.68% increase; 95% CI: 1.52% – 10.3%). Confirming our 
predictions, contrastive effects were observed in the Color condition, where English revealed a 
reliable Target boost (5.51% increase; 95% CI: 0.426% – 10.8%), whereas a reliable Competitor 
reduction was observed in Hindi (-6.53% difference; 95% CI: -11.7% – -1.61%) and Hungarian (-
5.82% difference; 95% CI: -9.70% – -1.96%). In the Material condition, English revealed both a 
reliable Target boost (4.51% increase; 95% CI: 1.01%-8.19%) and a reliable Competitor 
reduction (-7.01% difference; 95% CI: -12.5% – -1.98%), whereas neither effect was reliable in 
Hindi or Hungarian (although the strongest trend was a Competitor reduction). 

Our results confirm that contrastive inferences may be derived when processing all three 
types of adjectives, contrary to what Sedivy (2004) had observed. The strongest contrastive 
effects (Target boost) were observed with scalar adjectives (Aparicio et al., 2017), with color and 
material adjectives revealing a mixed pattern of effects. While we did not predict any cross-
linguistic differences, English speakers may have revealed a Target boost across adjective 
types because of their greater engagement in the task. Future investigations of individual 
differences should look at the effect of task engagement on depth of pragmatic reasoning. 
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Fig. 1: Mean percentages of fixations on the objects in display over time. The gray area represents the 
mean duration of the noun phrase. Color and material sample displays are from 2C and scalar from 1C. 
 

 
Figs. 2 and 3: Mean percentages of fixations on the Target (left) and the Property Competitor (right) in 
the 2 Competitor vs. 1 Competitor conditions (Error bars are bootstrapped 95% CIs). 
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Multiple Grammars for Singular they 
Sadie Camilliere, Amanda Izes, Olivia Leventhal, Daniel J. Grodner (Swarthmore College) 
dgrodne1@swarthmore.edu  

The use of singular they to refer to antecedents that are quantified, of unknown gender, 
or non-specific dates back to the 1400s [1]. More recently, some English speakers indicate 
acceptance of singular they when bound to a specific, definite antecedent of known gender. 
Additionally, singular they has emerged as a preferred pronoun for individuals who identify as 
gender non-binary. The expanding distribution of singular they raises questions regarding its 
grammatical and pragmatic features. Based on informant intuitions, [2] claimed there are two 
groups of singular they users. Users who accept they with singular definite antecedents (“My 
friend forgot their jacket”) are considered innovative, while those who reject it in that context are 
considered non-innovative. [3] proposed a third group for whom gender features are optional 
and non-contrastive, allowing they to be used even with grammatically gendered antecedents. 
Another potential licensing factor is pragmatic. By Maximize Presupposition [4], speakers who 
use they rather than a more specific gender marked pronoun may be signaling that they do not 
know the antecedent’s biological gender or that it is not relevant to their current goals.  This 
factor predicts that socially close antecedents (e.g., named referents, family members, friends) 
would be less likely to be felicitously referred to with they. 

The present study used a cluster analysis approach to experimentally investigate 
whether there are different uses of singular they across speakers, and to what extent their 
acceptance of singular they is affected by grammatical gender and social distance. Participants 
(N=148) were asked to judge sentences containing a variation of the pronoun they and one of 
nine antecedent conditions (Table 1). Critical conditions (1-8) were pseudorandomly intermixed 
with 15 controls where the antecedent was inanimate (9). Each participant saw 40 items, 5 of 
each experimental condition distributed using a Latin square design. To investigate how 
individual differences between speakers influenced acceptance of singular they, participants 
completed a survey of demographic information, such as age and gender identity, as well as 
measures of familiarity with and openness to non-binary individuals.  
 If the presence of grammatical gender on the antecedent influenced acceptability of 
singular they use, then ratings for conditions in which the antecedent a grammatical gender 
(conditions 4, 6, 8) should be lower than those without an explicit grammatical gender (3, 5, 7). 
If social distance between the speaker and the antecedent influenced acceptability, ratings of 
conditions in which the distance between the speaker and antecedent is closer (5, 6, 7, 8) 
should be lower than conditions in which the social distance is farther apart (3, 4).  
 Results were consistent with the prediction that both grammatical gender and social 
distance influence acceptability judgments of singular they (Figure 1). Measures of individual 
differences found that younger participants and participants who were more accepting of/familiar 
with non-binary individuals rated singular they as more acceptable in gender marked and name 
conditions (Table 2). Additionally, three distinct clusters best accounted for variation within our 
data (according to a majority of 30 metrics for determining the optimal number of clusters using 
the nbclust package in R). Analyses of these clusters broadly mirror the predicted distribution of 
responses outlined in [3] for three stages of singular they users (Figure 3). Additionally greater 
social distance between the speaker and antecedent rendered singular they more acceptable: 
Referring to friends and family members with singular they was less acceptable than referring to 
antecedents that were more distant. This was independent of morphosyntactic marking: it was 
true for both explicitly gender marked NPs and unmarked NPs. 

These findings indicate that there are in fact three coherent groups of speakers with 
separate grammars for singular they. Further, the trend for younger individuals and individuals 
who have more familiarity and experience with people of non-binary genders to accept singular 
they in more situations could be indicative of a larger shift in the acceptability of singular they in 
future generations of English speakers. 
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Table 1: Experimental conditions and sample item. 
My friend said that they would be coming late to dinner. 
How naturally does “they” refer to “my friend” on a scale of 1 
(not naturally at all) to 7 (completely naturally)? 
 
Condition Example 
1 Plural NP the dentists 
2 Quantified NP every dentist 
3 Non-gendered Noun the dentist 

4 Gendered Noun the stewardess 
5 Speaker Knows my friend 
6 Gendered Family Member my sister 
7 Non-gendered Name Taylor 
8 Gendered Name Sophia 
9 Inanimate NP the cup 

 

Figure 1. Mean naturalness ratings for all participants. 
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Table 2. Effect of individual difference measures. 
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Large neural network language models learn representations of incremental parse states 
Richard Futrell 1, Ethan Wilcox2, Takashi Morita 3, Peng Qian 4, Miguel Ballesteros5, Roger Levy4 
1UC Irvine, 2Harvard University, 3Kyoto University, 4MIT, 5IBM 
Contact: rfutrell@uci.edu 
 
The modern field of natural language processing is dominated by neural network methods, in 
which a generic sequence model such as a Recurrent Neural Network (RNN: Elman, 1990; 
Hochreiter & Schmidhuber, 1997) is used to convert a sentence into a vector-space 
representation (Sutskever et al., 2014; Wu et al., 2016; Peters et al., 2018). However, the 
sentence representations derived in this way are opaque to human interpretation: in particular, it 
is not known what information the vector representation of a sentence contains about about the 
syntactic parse tree of the sentence. We treat neural networks as black boxes and perform 
behavioral experiments on them to elicit information about their syntactic representations as if 
they were human subjects in psycholinguistics studies. We show that RNNs maintain 
representations of parse states as evidenced by garden path effects. Our work shows that these 
generic models can learn at least coarse-grained representations of syntactic structure from 
distributional evidence. We join work showing strong parallels between RNNs and human 
sentence processing (Christiansen & Chater, 1999; MacDonald & Christiansen, 2002; Frank & 
Bod, 2011; van Schijndel & Linzen, 2018), but we also find some qualitative differences 
between RNN behavior and human sentence processing. 

We study RNN language models : models which, given a string prefix, produce a 
probability distribution over continuations. We use garden path sentences as stimuli, to ask 
whether the continuation distributions reflect the same kind of behavior which would be captured 
using a stack-like parse representation in a system such as an incremental PCFG parser 
(Stolcke, 1995). We use the neural network’s surprisal at a word (-log p (word |context)) as an 
analogue of word-by-word reading times (Hale, 2001; Levy, 2008; Smith & Levy, 2013): high 
surprisal at a disambiguating word indicates a garden path effect because the word was not 
expected under the network’s prefered parse of the locally ambiguous material. We study two 
publically available RNN language models: “JRNN” (Jozefowicz et al., 2016), trained on nearly 
one billion tokens of text, equivalent to a human lifetime of linguistic input; and “GRNN” 
(Gulordava et al., 2018), trained on 100 million tokens, equivalent to six years of linguistic input. 

We demonstrate three phenomena in the RNN language models: (1) Main 
Verb/Reduced-Relative (MV/RR) garden path effects modulated by verb-form ambiguity (see 
Fig. 1); (2) MV/RR garden path effects modulated by head noun animacy (Trueswell et al., 
1994; see Fig. 2); and (3) NP/Z garden path effects modulated by the transitivity of the 
embedded verb (Staub, 2007; see Fig. 3). We find that all language models show garden path 
effects indicating representation of parse state, but the networks are inconsistent in their use of 
fine-grained lexical cues signalling the beginnings and endings of such states. We also study 
whether RNN language models show digging-in effects  in the NP/Z ambiguity (Tabor & 
Hutchins, 2004; Levy et al, 2009), in which garden path effects become larger as the distance 
between the onset of the local ambiguity and the disambiguator is increased. Instead we find 
that RNNs show reverse  digging-in effects: garden path effects become smaller with increasing 
the distance between the onset of the local ambiguity and the disambiguator (see Fig. 4).  
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Fig 1. Top: example stimuli for MV/RR garden path modulated by verb-form ambiguity. Disambiguating region is underlined. 
Bottom left: Region-by-region surprisal values. Bottom right: Average surprisal differences (reduced condition minus unreduced 
condition) at the disambiguating region tripped. Error bars are 95% confidence intervals of the contrasts between conditions 
(Masson & Loftus, 2003). n=28 items. Both GRNN and JRNN show a significant interaction of verb-form ambiguity and reduction. 

 
Fig 2. Left: example stimuli for MV/RR garden path modulated by subject animacy. Right: Average surprisal differences (reduced 
condition minus unreduced condition) at the disambiguating region by the lawyer. n=30 items. Only JRNN shows a significant 
interaction of subject animacy and reduction. 

 
Fig 3. Top: example stimuli for NP/Z garden path modulated by embedded verb transitivity. Bottom left: Region-by-region surprisal 
values. Bottom right: Average surprisal values at the disambiguating region took off. n=24 Items. Only JRNN show a significant 
interaction of transitivity and comma presence. 

 
Fig 4. Left: example stimuli for NP/Z garden path with length manipulation. Right: Average surprisal values at the disambiguating 
region grew. n=31 items. GRNN has a significant negative interaction of length with comma presence. 



A case study of long-distance dependencies in Korean with wh-scope 
So Young Lee (Stony Brook University) 

Soyoung.lee@stonybrook.edu 
[Introduction] This study investigates the processing of long-distance dependencies in Korean, 
a head-final language, with a focus on wh-scope. Psycholinguistic theories on the processing of 
long-distance dependencies between a filler and a gap vary with respect to the relevant factors 
deriving Active Filler effects (Frazier & Clifton 1989), such as i) minimal chains (De Vincenzi 1991), 
ii) verb/theta-role driven principle (Gibson, 1991; Pritchett 1992), and iii) full constraint driven 
principle (Aoshima et al. 2004). Since the computation of wh-scope in Korean involves many 
factors including surface positions of wh-phrases (in-situ vs. scrambled) and types of C0 
(declarative vs. question), Korean provides a useful testing ground for Active Filler effects. This 
study aims to reveal which principle most accurately explains the processing of long-distance 
dependencies in Korean as well as which factor (theta role or C type) is significantly involved.  
[Methodology] To monitor on-line processing of Korean wh-scope, I conducted a self-paced 
reading experiment using IBEX. To determine where the initial interpretation of a fronted dative 
wh-phrase in Korean happens (main clause vs. deepest embedded clause), and which factor is 
responsible for Active Filler effects, we controlled three factors in our stimuli: verb type (transitive 
vs. ditransitive), C (declarative vs. question), and wh-phrase position (in-situ vs.  scrambled), 
shown in Table 1. Eight sets of stimuli were created. Wh-phrases used in the experiment were 
dative arguments. A total of 64 (=8 sets x 8 conditions) target sentences with 102 fillers were 
presented in a random order. Each sentence was followed by a comprehension test. 18 native 
Korean speakers participated in the experiment. 
[Prediction] Based on the minimal chain approach, if the parsing of wh-phrases is driven by the 
need to create a gap as soon as possible, a gap will be created in the matrix clause, and there is 
no reason for the parser to revise their analysis when encountering the embedded clause. 
According to the verb/theta-role driven approach, since the parsing of wh-phrases is driven by  
theta-role assignment, the gap will be created after the ditransitive verb is encountered because 
a dative wh-phrase is used. In contrast, the full constraint driven approach predicts that a gap is 
first posited in the main clause, and then re-positioned in the embedded clause after the 
embedded subject is encountered, allowing the fronted wh-phrase to receive a thematic 
interpretation as early as possible. However, if the embedded verb cannot assign a proper theta-
role to it, reanalysis will happen. In addition, the association of a fronted wh-phrase and a question 
C to compute its semantic scope could not take place once the embedded C is processed, 
reanalysis will happen after the embedded C. 
[Results & Discussion] The results are summarized in figure1-4. A linear regression model was 
fitted for statistical analysis. First, the comparison of S1 vs. S2 in figure 1 shows that there is no 
significant difference in reading time (p > 0.1) after region 5(VEmbedded+C). This provides evidence 
that Korean speakers prefer to create the gap as soon as possible and reanalysis does not 
happen unless necessary. This also suggests that the dependency between a wh-phrase and an 
interrogative C was not enough to trigger reanalysis. In figure 2, the slower reading time in region 
6 (adverb) was found after the transitive embedded verb (S3) than the ditransitive verb (S1) (p < 
0.1). This result shows that the thematic role requirement of the fronted phrase affects the 
processing of filler-gap dependencies. Once the verb which can properly assign a theta role to 
the fronted wh-phrase is encountered, the parser seems to revise the original analysis. The 
comparison of S1 vs. S4 shows the interaction effect of thematic role assignment and association 
with an interrogative C. When the embedded verb can assign a theta role to the wh-phrase and 
the following C can license its scope, reanalysis happens and wh-scope is calculated there. Thus, 
the longer reading time in region 5 is observed in S4 than in S1 but the reading time after region 
5 is shorter in S4 than in S1 (p < 0.1).  In wh-in-situ conditions in figure 4, the longer reading time 
after the embedded C can be explained with the cost of unfinished wh-scope licensing. In 
conclusion, the results of this study support the full constraint driven principle that the processing 
of filler-gap dependencies is conditioned by the need to satisfy grammatical requirements (theta-
role assignment and wh-scope licensing) as well as to create a gap as soon as possible.  
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Table 1. Stimuli (M: Matrix, E: Embedded) 
 Region1 Region2 Region3 Region4 Region5 Region6 Region7 
S1 wh subject(M) subject(E) object(E) transitive verb(E)-Dec  adverb ditransitive verb(M) -Q 
 Nwukwueykey Ciyu-nun Sena-ka khatu-lul ssess-tako ecey malhaycwuess-nayo 
 ‘To whom did Ciyu say that Sena wrote a card yesterday?’ 
S2 wh subject(M) subject(E) object(E) transitive verb(E)-Q  adverb ditransitive verb(M) -Q 
 Nwukwueykey Ciyu-nun Sena-ka khatu-lul ssess-nunci ecey mwulepoass-nayo 
 ‘To whom did Ciyu ask whether Sena wrote a card yesterday?’ 
S3 wh subject(M) subject(E) object(E) ditransitive verb(E)-Dec  adverb transitive verb(M) -Q 
 Nwukwueykey Ciyu-nun Sena-ka khatu-lul ssecwess-tako ecey alko_issess-nayo 
 ‘Did Ciyu know to whom Sena wrote a card yesterday?’ 
S4 wh subject(M) subject(E) object(E) ditransitive verb(E) -Q  adverb transitive verb(M) -Q 
 Nwukwueykey Ciyu-nun Sena-ka khatu-lul ssecwess-nunci ecey kwungkumhayhayss-nayo 

 ‘Did Ciyu wonder to whom Sena wrote a card yesterday?’ 
S5 wh subject(M) subject(E) object(E) ditransitive verb(E) -Dec  adverb ditransitive verb(M) -Q 
 Nwukwueykey Ciyu-nun Sena-ka khatu-lul ssecwess-tako ecey malhaycwuess-nayo 
 ‘To whom did Ciyu say (to you) that Sena wrote a card yesterday?’ 
S6 wh subject(M) subject(E) object(E) ditransitive verb(E) -Q adverb ditransitive verb(M) -Q 
 Nwukwueykey Ciyu-nun Sena-ka khatu-lul ssecwess-nunci ecey mwulepoass-nayo 
 ‘Did Ciyu ask to whom Sena wrote a card yesterday?/ To whom did Ciyu ask (to you) that Sena wrote a card yesterday?’ 
S7 subject(M) subject(E) wh object(E) ditransitive Verb(E) -Dec  adverb ditransitive verb(M) -Q 
 Ciyu-nun Sena-ka nwukwueykey khatu-lul ssecwess-tako ecey malhaycwuess-nayo 
 ‘Did Ciyu say to whom Sena wrote a card yesterday?’ To whom did Ciyu say (to you) that Sena wrote a card yesterday?’ 
S8 Subject(M) Subject(E) wh object(E) ditransitive Verb(E) -Q adverb ditransitive verb(M) -Q 
 Ciyu-nun Sena-ka nwukwueykey khatu-lul ssecwess-nunci ecey mwulepoass-nayo 
 ‘Did Ciyu ask to whom Sena wrote a card yesterday?’ To whom did Ciyu say (to you) that Sena wrote a card yesterday?’ 

 
Figure 1. C (wh-scope licensing) effect  Figure 2. theta-role effect  

  
Figure 3. Interaction of theta-role and a C Figure 4. wh-in situ 

  
References: Aoshima S. et al. (2004) Processing filler-gap dependencies in a head-final language. JML 51, 23–54.Aoshima et al. 2004 De Vincenzi, 
M. (1991). Syntactic parsing strategies in Italian. KA Publishers. Frazier, L., & Clifton, C., Jr. (1989). Successive cyclicity in the grammar and the parser. 
LCP,4, 93–126.Gibson, E. (1991). A Computational theory of linguistic processing:Memory limitations and processing breakdown. DD. Carnegie Mellon 
U. Pritchett, B. L. (1992). Grammatical competence and parsing performance. The University of Chicago Press. 
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Developmental parsing across SES: Trade-offs between cue reliability and input quantity  
Yi Ting Huang, Kathleen Oppenheimer, & Zoe Ovans (University of Maryland College Park) 

Across socioeconomic status (SES), distinctions in parental input lead to variation in early lan-
guage (Hart & Risley, 1995), but underlying mechanisms are not well understood. A barrier to 
progress is the reliance of aggregated measures of input (e.g., total words) and outcomes (e.g., 
vocabulary size). These track the accumulated consequences of learning, but ignore how chil-
dren acquire new words and abstract grammatical biases through iterative encounters with sen-
tences. Among higher-SES groups, it is well known that children recruit multiple cues to inter-
pret sentences. By age five, they exploit word order to assign subjects as agents (e.g., “The 
seal is…”Æ predict an up-coming patient like FISH (Huang et al., 2013)), verb semantics to antic-
ipate related objects (e.g., “It is eating the…” Æ food like FISH (Borovsky et al., 2012)), and verb 
syntax to infer specific roles (e.g., “…eaten by the seal” Æ patient like FISH (Snedeker & True-
swell, 2004). Unlike word order, verb biases provide detailed and reliable clues about who did 
what to whom (e.g., p(PATIENT|“eat”)). However, abstracting probabilistic biases requires spe-
cialized input during development (e.g., “eat” sentences). This, in turn, may require additional 
experience. Trade-offs between input quantity and cue reliability (agent-first vs. verb bias) raise 
questions of what comprehension is like when input varies with SES background. 
We examined comprehension of actives and passives in 129 children from varying SES, ages 
3;6 to 7;2. While parental input was not directly measured, its effects on aggregated knowledge 
were assessed through vocabulary size (Dunn & Dunn, 2007). This metric is sensitive to experi-
ence effects on comprehension, and SES differences in this sample (p<.001). Sentences fea-
tured two types of NP1s: (1) Definite NP1s (e.g., “The seal…”) vs. (2) Pronoun NP1s (e.g., 
“It…”). Eye-movements/actions were measured to an expressed item (e.g., SEAL), likely agent 
(e.g., SHARK), and likely theme (e.g., FISH). Previous research reveals that children from higher-
SES backgrounds interpret definite NP1s with an agent-first bias, but often fail to revise misin-
terpretations after passive morphology (e.g., “…eaten by it”). However, they avoid an agent-first 
bias for pronoun NP1s, and accurately interpret actives and passives alike. Importantly, effects 
of vocabulary size on comprehension may shed light on how children revise an agent-first bias 
(i.e., definite NP1/passives) and how they interpret sentences when this bias is absent (i.e., 
pronoun NP1/actives, passives). If these contexts require access to verb-specific biases, then 
the accuracy of role assignment may increase with experience-related vocabulary size. Con-
versely, if the agent-first bias can be readily abstracted from canonical word order, then role as-
signment on this basis (i.e., definite NP1/actives) may not vary with vocabulary size.  
Fixation analyses focused on definite NP1s and predictions of pronoun referents after verb mor-
phology. Children fixated on correct referents more for actives compared to passives (p<.01), 
but this difference was smaller for those with larger vocabulary (vocabulary x construction, 
p<.05). Action analyses examined act-out responses after sentences. For definite NP1s, all 
children produced more accurate actions for actives compared to passives (p<.01). However, 
those with larger vocabulary revised passives to a greater extent (vocabulary x construction, 
p<.05). For pronoun NP1s, children produced similar accuracy across constructions (p>.30), 
which improved with vocabulary size (vocabulary, p<.01). Taken together, these findings sug-
gest that developmental parsing is influenced by procedures across two time scales. During on-
line comprehension, children predict meanings via early-arriving cues within sentences but have 
difficulty revising after late-arriving conflicts. During year-to-year development, children abstract 
cue-to-meaning relations via distributional regularities across sentences. While some cues re-
quire minimal input to abstract (agent-first bias), others require more (verb biases). Importantly, 
comprehending passives offers a window into interactions between chronometric and ontoge-
netic procedures. Greater knowledge of verb-specific biases enables effective revision agent-
first biases (e.g., hear “eat,” retrieve transitive bias, infer passive structure). We will discuss the 
implications of these findings for theories of language acquisition. 
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L1 acquisition of polarity sensitivity: The case of “either” and “too” 
Naomi Francis, Leo Rosenstein & Martin Hackl (MIT) 
Summary We present an experimental investigation of how children acquire the polarity 
sensitivity of the negative polarity item (NPI) either and its positive polarity item (PPI) counterpart 
too. We observe a) that children from age 3 to age 5 exhibit a weak but stable inkling of the 
contrasting licensing requirements for both items and b) that at age 6 the licensing conditions for 
the NPI either are categorically known whereas those for its PPI counterpart remain only weakly 
exhibited. This adds to the growing body of results suggesting that NPIs are easier to acquire 
than PPIs but also sharpens the challenge to identify what it is that 6-year-olds “all of a sudden” 
have figured out about the NPI either and that the 3 to 5-year-olds are somehow missing. 
Background Polarity sensitivity presents a particularly difficult challenge to the child learner, who 
must discern not only which items in the language they are acquiring are polarity-sensitive but 
also what the licensing conditions of these items are. Existing work on acquisition of polarity 
sensitivity suggests that children become adult-like in their understanding and use of some NPIs 
i) very early, around two years of age, and ii) before PPIs, which are still used and understood in 
a non-adult way at age 5 (see, e.g., van der Wal 1996, Xiang et al. 2006, Tieu 2009, 2013, Lin et 
al. 2015). This is surprising on theories of polarity sensitivity where NPIhood and PPIhood are 
two sides of the same coin (e.g., Szabolcsi 2004, Chierchia 2006, 2013, Nicolae 2012). The claim 
that children master NPIs before PPIs has primarily been made based on corpus studies of 
children acquiring English and Dutch. Existing experimental work (e.g., Xiang et al. 2006) has 
focused on the NPI/PPI pair any/some, which involves several complications: the free-choice use 
of any, the difference in polarity sensitivity between accented and deaccented some (Giannakidou 
2011), and the special scope-taking properties of indefinites.  
Current project Here, we examine children’s command of the NPI either and its positive 
counterpart too. In the adult grammar, either and too are in complementary distribution (with the 
possible exception of wide scope readings of too; see e.g. Rullmann 2003), as illustrated in (1). 

1. a. Sam is eating cake. Sam is eating ice cream too/*either. 
b. Sam isn’t eating cake. Sam isn’t eating ice cream ?*too/either.  

Design We presented 46 children aged 3 to 6 years with a comparative felicity judgement task 
(cf. Chierchia et al. 2001, Foppolo et al. 2012). Participants were presented with a scene, of which 
two puppets gave true descriptions differing only in which additive particle (either vs. too) was 
used; the participants were then asked which puppet “said it better”. Half of the 8 target items 
were negative (i.e., environments where adults would select either) and half were positive (i.e., 
environments where adults would select too). Examples of positive and negative trial materials 
are given in Fig. 1 and Fig. 2. Four fillers were used to ensure that children understood the task. 
Results (Fig. 3) show that 3-5-year-olds, unlike adults, accept both either and too in both positive 
and negative environments. However, these children exhibit a non-categorical preference for 
either in negative environments and for too in positive environments; that is, they exhibit 
preferences in the direction of the adult grammar. 6-year-olds continue this pattern in negative 
environments, but not in positive ones; in positive sentences, 6-year-olds, like adults, accept too 
but not either. A linear mixed effects logit model of responses with fixed effects of polarity 
(pos/neg) and age (3-5/6-y.o.) and random effect of subject shows a significant interaction of age 
and polarity: 6-year-olds were significantly less likely to accept either overall (because they do 
not accept either in positive sentences) but significantly more likely to accept either in negative 
sentences. Thus, children appear to acquire full adult-like command of the licensing conditions 
for the NPI either (between 5 and 6 y.o.) before they do so for too. Notably this is later than they 
acquire other NPIs as discussed in the literature. The behavior of 6-year-olds in negative 
sentences might reflect an ability to access a wide scope reading for too; an investigation of 
whether this ability is also part of the adult grammar is currently underway. 
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Figure 1: A positive target item 

 
Narrator: This is Max   Narrator: Max is hugging a dog. 

      Puppet 1: Max is hugging a cat too. 
      Puppet 2: Max is hugging a cat either. 

Figure 2: A negative target item 

 
 Narrator: This is Max.   Narrator: Max isn’t hugging a dog. 
      Puppet 1: Max isn’t hugging a cat too. 
      Puppet 2: Max isn’t hugging a cat either. 

Figure 3: Results (mean acceptance rate of either/too by environment, for each age group) 

 
 
References: Chierchia, G. (2006). Broaden your views: Implications of domain widening and the 
“logicality” of language. Linguistic Inquiry 37(4), 535-590. Chierchia, G. (2013). Logic in grammar: 
Polarity, free choice, and intervention. Chierchia, G. et al. (2001). The acquisition of disjunction: 
Evidence for a grammatical view of scalar implicatures. Proceedings of BUCLD 25, 157-168. 
Foppolo, F. et al. (2012). Scalar implicatures in child language: Give children a chance. 
Language Learning and Development 8, 365-394. Giannakidou, A. (2011). Positive polarity 
items and negative polarity items: variation, licensing, and compositionality. In Semantics: An 
international handbook of natural language meaning (2nd ed.), 1660-1712. Lin, D. et al. (2015). 
Emerging NPIs: The acquisition of Dutch hoeven `need’. The Linguistic Review 32(2), 333-374. 
Nicolae, A. (2012). Positive polarity items: An alternative-based account. In Proceedings of Sinn 
und Bedeutung 21, 475-488. Rullmann, H. (2003). Additive particles and polarity. Journal of 
Semantics 20, 329-401. Szabolcsi, A. (2004). Positive polarity - negative polarity. Natural 
Language and Linguistic Theory 22(2), 409-452. Tieu, L. (2009). On children’s acquisition of the 
NPI licensing conditions in English. Poster presented at BUCLD 34.  Tieu, L. (2013). Logic and 
grammar in child language: How children acquire the semantics of polarity sensitivity. University 
of Connecticut dissertation.  van der Wal, S. (1996). Negative polarity items in Dutch and English: 
A lexical puzzle. Proceedings of the Groningen Assembly on Language Acquisition. Xiang, M. et 
al. (2006). Children’s understanding of polarity items. Poster presented at AmLap 2006. 
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How interaction affects (un)certainty about the partners’ perspectives 
Xiaobei Zheng (Shenzhen University), Daphna Heller (University of Toronto),  
Suzanne Stevenson (University of Toronto) & Richard Breheny (University College London) 
xiaobeizheng@szu.edu.cn 
The interactivity of a situation affects perspective-taking [1]. Here we demonstrate that the nature 
of the interaction plays a crucial role, even when the knowledge that can be attributed to the 
partners is controlled for. Our proposal is that the multiple-perspectives framework [2], which 
probabilistically combines the influence of the speaker’s and the listener’s perspective and 
explicitly encodes uncertainty about partners’ perspectives, provides insight into these effects. 
Method: main task. In each trial, participants saw a virtual grid, empty at first (Fig. 1a). Then 
objects appeared which only they could see, not the Director (Fig. 1b), at which point the 
preliminary phase took place (more below). Then the mutually-visible objects appeared (Fig 1c). 
At this point, the confederate Director instructed the participant “Click on the apple”; the listener 
was being eye-tracked. The display either contained a hidden apple (competitor condition; Fig. 
2a) or an unrelated object (e.g., strawberry, non-competitor condition; Fig 2b). The experimental 
conditions across the two experiments differ only in the preliminary phase. Right before the 
instruction phase, all conditions contained evidence that the Director knew the superordinate 
category (fruit/animals/shapes), but not the specific objects (e.g., apple or strawberry). 
Experiment 1. In the preliminary phase of the interaction condition (n=20), the Director guessed 
– at chance – the superordinate category of hidden objects (fruit/animal/shape), highlighting the 
Director’s ignorance about listeners' knowledge. In the baseline condition (n=20), the participant 
was asked about the superordinate category of the hidden objects by the computer. Results. We 
calculate target advantage in each condition (Fig 3a): how much the mutually-visible target (apple) 
is preferred over the hidden competitor or non-competitor (apple/ strawberry). The critical window 
was noun processing (200-600ms after onset): the difference in target advantage between the 
competitor and the non-competitor conditions is higher in baseline (purple lines) than interaction 
(red lines), indicating that the early interaction led to less competition from the hidden apple. We 
propose that interaction makes listeners more certain about speaker’s knowledge. In the multiple-
perspectives framework, this translate into more weight on the assumed speaker’s perspective 
and less weight on the listener’s own perspective (weighting is relative).  
This finding raises the question of whether interaction always leads to more certainty about the 
partner’s knowledge, or whether this depends on the specific nature of the interaction. Thus, in 
Experiment 2, we used interactions that did not highlight ignorance, but instead highlighted the 
knowledgeability of the speaker (while again controlling for knowledge). Exp. 2 has a secondary 
goal: to tease apart interaction and joint attention to information. Method. In the preliminary 
phase of the interactive-shared condition (n=20), the Director announced the superordinate 
category of the hidden objects prior to their appearance, and the listener acknowledged. In the 
noninteractive-shared condition (n=20), both Director and listener were told the category by the 
computer (listeners knew from practice that directors are also told). The baseline condition (n=20) 
was non-interactive and non-shared. Like in Exp. 1, the information that can be attributed to the 
Director was the same (the superordinate category of the objects). Results. Analysis as for Expt. 
1 (Fig. 3b). Interestingly, here interaction had an effect in the opposite direction:  the interactive-
shared condition (red lines) showed the more competition from the hidden apple than the 
noninteractive-shared condition (blues lines), which, in turn, showed more competition than the 
baseline condition (yellow lines). Most importantly, this reveals that interaction does not have a 
uniform effect of assigning more weight to the partner’s perspective. Instead, listeners are 
sensitive to the specific content of the interaction: When the Director announces the category, 
this highlights the possibility that they will subsequently tailor their language to the knowledge of 
the listener, which leads listeners to assign more weight to their own perspective. In addition, 
these results demonstrate that shared attention and interaction each affect uncertainty, 
contributing separately to the relative weighing of perspectives.   
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Figure 1: phrases of the trial 
a. Empty grid b. Hidden objects appear c. Mutually-visible objects appear 

   
 
Figure 2: Two types of displays 
a. Competitor condition: there is a hidden 
object that is the same as the target 

b. Non-ccompetitor condition: hidden objects 
are unrelated to the target  

  
 
Figure 3: Target advantage (log(P(target)/P(distractor)) over time  

 
 
 
 

Experiment 1 

 

Experiment 2 
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probabilistic weighing of multiple domains. Cognition, 149, 104-120.  



A rational model of word skipping in reading: ideal integration of visual and linguistic 
information 
Yunyan Duan (Northwestern University) & Klinton Bicknell (Northwestern University; Duolingo) 

yduan@u.northwestern.edu 

 

Readers combine visual and linguistic information to recognize words and comprehend 

sentences. While many studies have examined effects of these two information sources in reading, 

exactly how they are combined is relatively unexplored. If readers combine them optimally, the 

results should be a complex function of the particular word, linguistic context, and the visual 

information. For example, visual information about only the beginning of some words is enough 

for identification, e.g., seeing that the initial letters `xyl` of the word `xylophone`[1]. Similarly, in 

certain contexts, a reader only needs to see a few of the initial letters of a word to be confident in 

its identification, such as in ‘The children went outside to pl…’. However, whether readers do in 

fact combine visual and linguistic information optimally in this way remains unclear. 

One promising way to study this process is with word skipping. It is generally hypothesized 

that when a reader intentionally skips a word, i.e., moves their eyes past it without fixating it, it is 

because the reader was highly confident in its identity. Crucially, this (implicit) decision about 

whether to skip the word is made when the reader is fixating a prior word, and thus when the 

reader only has high quality visual information about some of the word’s initial letters (if any) but 

not yet high quality visual information about the whole word. The amount of visual information the 

reader has at this time is a function of the launch site, the distance from that fixation position to 

the beginning of the word. As such, studying skipping decisions made for a variety of words in a 

variety of contexts with a variety of launch sites provides an ideal testbed for studying the complex 

interactions of context and visual information in word identification. 

Method. To test whether readers display signatures of optimal integration across these 

contexts, we build a computational implementation of an ideal-integration model predicting 

identification confidence for each skipping decision. We show that these model predictions explain 

significant variance in human skipping rates when added to a strong baseline model. 

Baseline model. We analyzed first-pass skipping in the Dundee corpus with a generalized 

additive mixed-effects regression model (GAMM) predicting words’ skipping from variables shown 

to influence skipping, including word length, launch site, word frequency, surprisal (5-gram), and 

contextual constraint measured by entropy. We also controlled for previous word’s properties 

such as word length and frequency (see Table 1). Crucially, this generalized additive model 

allowed for arbitrary non-linear effects of each of these variables, providing a strong baseline.  

Simulation. We implemented a rational model (Figure 1) with Bayesian belief updating, 

using linguistic knowledge (frequency and 5-grams) as prior and visual input as likelihood [2], with 

the visual information sampling process computationally simplified as random walk in a 

multidimensional Gaussian distribution. For each potential word to be skipped, the model receives 

noisy visual information about it conditional on launch site and full information about the context. 

It computes a posterior distribution on the word, and we then extract the entropy of this distribution 

(postH) and add it to our baseline. The visual information in this model has two parameters: overall 

visual input quality and the width of acuity function. We used ten/six sets of parameter pairs for 

the models with frequency/5-gram priors;	these	parameters	were	chosen to be reasonable values, 

respecting the trade-off between width of the acuity function and its overall quality. 

Results. Results showed that in every combination of free parameters postH had a 

significant effect over and above the baseline model in predicting skipping (Table 2). This result 

suggests that the rational model captured complex interactions between visual input and linguistic 

knowledge that human readers utilized in making skipping decisions. 

Conclusion. Overall, these results paint a picture of word identification in reading – at 

least in word skipping decisions – as resulting from optimal integration of linguistic information 

and the particular visual information obtained.  
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Table 1. GAMM results of baseline model. 

 !" p-value 

word length 6026.25 < 2e-16    *** 

launch site 9123.73 < 2e-16    *** 

frequency 527.94 < 2e-16    *** 

5-gram surprisal 38.40 1.01e-06  *** 

context entropy 71.16 8.28e-11  *** 

word length × frequency 89.06 7.73e-16  *** 

launch × frequency 36.09 2.85e-05  *** 

launch × surprisal 29.39 1.13e-04  *** 

launch × entropy 66.82 2.24e-11  *** 

(previous word’s properties) … … 

 

Figure 1. Bayesian model of skipping. 

 
Table 2. Model improvement after adding entropy of a rational model’s posterior distribution. $ 

denotes the deviation of a visual acuity function (normal distribution); a large $ value means flat 

acuity function and good preview quality from a far launch site. Λ denotes the overall visual input 

quality; a large Λ value means good visual acuity and good preview quality from a far launch 

site. 

 

 Prior: Frequency Prior: 5-gram surprisal 

($, Λ) !" p-value !" p-value 
(0.5, 5) 40.14 1.67e-06  ***   

(0.5, 15) 62.15 4.11e-10  *** 20.45 0.004       ** 

(1, 15) 37.02 6.79e-07  ***   

(1, 30) 38.27 3.22e-07  *** 16.42 0.002       ** 

(1, 40) 30.68 4.85e-06  *** 19.63 4.76e-04  *** 

(2, 40) 12.90 0.002       ** 18.16 4.68e-04  *** 

(4, 4) 100.25 < 2e-16    ***   

(4, 30) 36.78 2.07e-05  *** 23.03 2.01e-04  *** 

(5, 0.2) 48.58 4.48e-09  ***   

(5, 3) 91.12 9.92e-16  *** 19.25 6.17e-04  *** 
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* Individual difference measures were: Language Attitudes, AX-CPT, Verbal Fluency, Author Recognition, 
Pronunciation, Corsi, Reading Span, and Implicit Associations. 

Language and aging: Neurocognitive correlates of accent processing 
Fatemeh Abdollahi & Janet van Hell (Penn State University) 
fxa143@psu.edu 
 
Many older adults have increased difficulty processing spoken language1, including accented 
speech. Decreased hearing acuity is often cited as the cause1, but this is not unequivocally 
supported by research.2 If hearing acuity alone was responsible for this difficulty, listeners would 
show equivalent difficulty in processing both foreign- and native-accented speech, which has 
not been shown to be the case1. In addition to decreased hearing acuity, older adults often 
show decreased performance in cognitive and linguistic measures implicated in language 
processing, such as working memory, processing speed, or verbal skills1,3,4, but it remains 
unclear to what extent these factors also affect the comprehension of foreign- and native-
accented speech in older adults. Therefore, we examined older adults’ processing of foreign- 
and native-accented speech, and explored how this is affected by variation in cognitive and 
linguistic abilities. As previous studies on foreign-accented speech processing in older adults 
have only used behavioral measures, we recorded EEG/ERPs to examine the neurocognitive 
signatures of listening to foreign- and native-accented sentences.   
Current Study: We examined foreign- and native-accented speech processing by older adults 
(N=17; 60-80 years, within the normal hearing acuity range), recording ERPs and collecting 
behavioral individual difference measures*. ERP signal magnitude and individual difference 
measures were correlated.  
Methods: Hearing acuity was assessed prior to the experiment. During the EEG experiment, 
participants listened to 240 sentences (stimuli from Grey & Van Hell (2017), where young adult 
processing of accented speech was examined -- 120 native- American-English accented, 120 
Chinese-accented English; 30 syntactically well-formed, 30 syntactically anomalous (pronoun 
mismatch), 30 semantically well-formed, 30 semantically anomalous); they also answered 
occasional comprehension questions. Post-EEG recording, participants answered questions 
about accented speech they had just heard and prior experiences with accented speech.  
Results/Conclusion: Participants were highly accurate in comprehension of both native 
(M=91%; SD=8.9) and non-native (M=87%; SD=8.2) accented speech. ANOVAs were 
conducted on the 300-500ms (N400) and 500-900ms (P600) windows. In the 300-500ms time-
window, the ANOVA showed a significant main effect of accent (p=0.049) and for Distribution 
(p=0.028). A significant interaction was found for accent x well-formedness (p=0.000). Follow-up 
analyses on this interaction showed significant sensitivity to semantic violations in native-
accented speech, but not to foreign-accented speech (F(1,17), = 18.74, p = .000) (see Figure 
1A). For pronoun errors (see Figure 1B), the ANOVA showed a significant main effect of accent 
(p=.022) in the 300-500ms window.  No significant effect was found to pronoun errors in the 
500-900ms time window, for native- or foreign-accented speech.  
 With respect to how cognitive and linguistic variables correlate with response magnitude: 
hearing acuity correlated significantly with accuracy in native-accented, but not in foreign-
accented, sentence comprehension.  To the foreign-accent, only listener attitude correlated with 
ERP response magnitude, with more negative language attitudes corresponding to greater 
response magnitude to semantic errors in the foreign-accent (r = -0.484; p= 0.04). These results 
show that older adults have difficulty processing foreign-accented speech (in terms of sensitivity 
to both semantic and pronoun errors), more so than native-accented speech; these findings 
differ from those of Grey and Van Hell (2017), where younger adults demonstrated significant 
sensitivity to semantic violations in native- and foreign-accented speech. Hearing acuity alone 
cannot account for these findings, and variation in cognitive and linguistic abilities largely did not 
affect the result pattern. These results will be discussed in terms of changes in foreign-accented 
and native-accented speech comprehension across the lifespan, and how speech perception 
models can integrate a lifespan perspective. 
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A.  

 
 

B.    

 
Figure 1. A. Semantic & B. Grammatical processing of native and foreign-accented speech. 
Topographic maps show scalp distribution of activity in error minus correct conditions.  

 

Example critical stimuli 



That project was a rollercoaster: An ERP test of deliberate metaphor theory 
Sophie Greene (Tufts University), Daniel Altshuler & Joanna Morris (Hampshire College) 
sophie.greene@tufts.edu 
Introduction: Deliberate metaphors are metaphors that are intended in their production to be 
explicit metaphors, and are understood and processed as such by the comprehender. 
Deliberate metaphors thus serve as a distinct rhetorical device with an explicit communicative 
goal. Shakespeare’s “Shall I compare thee to a summer’s day?” is an example of a deliberate 
metaphor: it explicitly sets up a comparison between two concepts, the addressee and the 
summer day, and invites the comprehender to engage in a process of cross-domain mapping 
between these two concepts. Conceptual metaphor theory (CMT; Lakoff 1993) holds that 
metaphors are processed via these conceptual mappings between two concepts. Deliberate 
metaphor theory (DMT; Steen 2008) proposes that this type of cross-domain mapping is only 
recruited to process deliberate metaphors. Non-deliberate metaphors, like “She looked out over 
the blanket of snow,” involve comparisons that are not explicit, and so do not invite cross-
domain mappings. According to DMT, speakers use distinct pragmatic cues to signal that a 
metaphor is coming that will require explicitly representing and mapping the metaphor concept 
onto the target concept. DMT also suggests that most metaphorical uses are not deliberate; 
therefore, most metaphors are not processed as metaphors. We conducted an ERP study that 
tested whether deliberate and non-deliberate metaphors are processed differently. 
Methods: 21 participants read nominal metaphors and literal sentences of a similar structure, 
either with or without the word “like” preceding the second noun phrase or metaphor vehicle 
(see Table 1 for examples), with 50 items in each of the four experimental conditions. The word 
“like” was chosen as the pragmatic marker because it had been shown in Gibbs 2015 to be a 
strong signal for the upcoming metaphor, and effectively elicited comparative mappings in par-
ticipants. Sentences were presented one word at a time for 200 ms, with a variable inter-word 
interval of 100ms plus an additional 37ms for each character in the preceding word (for an aver-
age of 284ms between words). Comprehension questions followed 10% of trials to encourage 
deep comprehension. We recorded ERP responses time-locked to the noun following the verb. 
The N400: Previous studies have shown that metaphors elicit a greater N400 ERP response 
than literal sentences (see Coulson and Van Petten, 2002). This is thought to be due to a mis-
match between the metaphor vehicle and the comprehender’s expectation to receive a literal 
sentence completion. However, according to DMT, deliberate metaphors are unique in that the 
comprehender is alerted to the upcoming metaphor by pragmatic cues in the sentence 
preceding the metaphor vehicle. This pragmatic signaling should lead to facilitation in 
processing the metaphor vehicle; therefore, deliberate metaphors should exhibit a reduced 
N400 effect. CMT, on the other hand, holds that all metaphorical language is processed by the 
same cross-domain mappings; in this view, there should be no difference in ERP responses to 
deliberate and non-deliberate metaphors. 
Results: We found that amplitudes of the N400 ERP component were more negative for all 
metaphors than for literal sentences (p = 0.0002), but this difference was not modulated by the 
presence of a pragmatic cue word: there was no main effect of cue (p = 0.96) and no interaction 
between cue and metaphor (p = 0.62). The amplitude of the N400 response did not differ 
between deliberate and non-deliberate metaphors. The absence of a difference between cued 
and uncued metaphors shows a lack of support for DMT, which claims that deliberate and non-
deliberate metaphors are processed differently. We found no evidence of such difference. 
These data support CMT, which predicts no differences in processing between different types of 
metaphors.  
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Figure 1: ERP waveforms from selected scalp sites.  
 
 
 Metaphor Literal 

Without Cue John is an elephant. Boston is a city. 
With Cue John is like an elephant. Boston is like a city. 

 
Table 1: Examples of experimental stimuli sentences. 
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Trade-offs between iconicity and structure in the evolution of combinatorial phonology 
Matthias Hofer, Josh Tenenbaum & Roger Levy (Massachusetts Institute of Technology) 
mhofer@mit.edu 
 
One design feature of human language is its combinatorial phonology, which allows the 
formation of an unbounded set of meaningful utterances from a small, finite set of meaningless 
building blocks. Recent laboratory experiments using artificial languages suggest how such 
combinatorial building blocks could have evolved culturally from unstructured, continuous 
signals (e.g., Verhoef, Kirby, de Boer 2014; del Giudice, 2012), but combinatorial structure 
appears to be in conflict with another property salient in the evolution of language: iconicity. 
While the building blocks of a combinatorial system should be small, lack independent meaning, 
and be easy to reproduce, iconic signals don’t have those restrictions and are instead motivated 
by what they refer to. Goldin-Meadow and McNeill (1999) have, moreover, suggested that 
combinatoriality won’t be adopted for the benefits it provides, but to compensate when iconicity 
is not widely available. This account is intuitively consistent with the observed differences 
between sign and spoken languages and with recent laboratory work showing that combinatorial 
structure develops more slowly when iconic mappings between signals and referents are 
possible (Verhoef, Kirby, de Boer 2016; Little et al, 2017; Roberts, Lewandowski and 
Galantucci, 2015). However, because these studies primarily assess the effects of iconicity on 
combinatorial structure indirectly, more specific claims about the evolution of signal structure, 
such as whether combinatorial signals are only adopted once iconicity is lost, as suggested by 
Goldin-Meadow and McNeill (1999), are hard to test. Motivated by these questions, we 
investigate the emergence of a form of iconicity that is more limited in scope yet allows for a 
more direct quantitative assessment of structure. In particular, we examine the degree to which 
signals evolve to match the conceptual complexity of their referents when this association is 
initially at chance (Lewis and Frank, 2016). 
Methods. To investigate how iconicity emerges and interacts with the existence of 
combinatorial structure in language, we conducted an online iterated learning experiment where 
participants produced auditory signals using a virtual slide whistle instrument (Verhoef et al 
2014). Using an iterated learning paradigm allowed us to better isolate contributions from 
cognitive biases for iconicity and structure from pressures stemming from communicative 
demands. Participants were split into 15 different learning chains and were instructed to learn 
an artificial language consisting of eight novel visual objects paired with the whistled signals 
produced by the participant before them (Figure 1). Subjects engaged in five learning blocks 
where signals-referent pairings were presented in random order and had to eventually 
reproduce the eight signals from memory. 
Results. Besides replicating the emergence of combinatorial structure (Figure 2A), our main 
finding is that iconicity emerges in the first generation (t=2.6, p<0.01; p adjusted for multiple 
comparisons) but is gradually lost over successive generations (Figure 2B). This is despite the 
existence of strong synchronic iconicity biases, as revealed in a guessing game, in which 
participants reliably picked complexity-matching referents for each signal. To analyze how 
changes in iconicity over generations relate to combinatoriality, we describe the transitions from 
particular languages from one generation to the next in a vector field model (Figure 3). 
Consistent with the account above, we find that pronounced levels of iconicity only exist when 
languages are still relatively unstructured. Combinatorial structure, however, already begins to 
develop well before these earlier forms of iconicity are lost, suggesting the continued influence 
of biases for combinatoriality throughout signal evolution. We discuss implications of our 
findings for different hypotheses about the interaction of pressures for iconicity and structure in 
language evolution and outline ways of quantifying the underlying cognitive biases in future 
work using computational models.   
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Figure 1 (Left). Signals (collected in a pilot 
experiment) and referents (from Lewis and Frank, 
2016) used in the study. Across chains, the same 
eight initial signals were randomly paired with 
referents to keep complexity associations at chance. 
The virtual slide whistle instrument was controlled with 
the mouse (pitch) and the space bar (note on/off). 
 

 
Figure 2 (Right). (A) Combinatorial 
structure by generation B: Iconicity: 
measured via auditory complexity of 
signals associated with simple vs 
complex referents and absolute 
difference (right plot) 
 

 
Figure 3 (Left). Vector field model describing the 
magnitude and direction of between-generation 
transmissions of languages for different combinations 
of iconicity and combinatorial structure. The gray 
shading in the background corresponds to the amount 
of data that is available for computing an arrow starting 
at that particular point. White regions represent sparse 
regions while darker values correspond to more data, 
i.e., higher confidence in the reconstructed direction 
and magnitude. 
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ERP correlates for the meaning and structure of ambiguous phrases in context 
Rachel Brown, Vicky Tzuyin Lai and Thomas Bever (University of Arizona) 

rachelbrown@email.arizona.edu 
 

It is known that context influences language comprehension1. What remains less clear is 
how nearby local context and long-distance global context differentially impacts the incremental 
comprehension of the current word2,3,4. According to the Minimalist Hypothesis, global context is 
only used when there is a local incongruency that needs to be resolved2. In contrast, the 
Multiple Cause Intensified Retrieval Hypothesis (MIR) claims that global context can be used 
regardless of local congruence5. The current study uses EEG to investigate the relative roles of 
local and global context in meaningfully ambiguous phrases. The Minimalist Hypothesis predicts 
that global context effects would only occur when the local context is incongruent with the 
critical words. In contrast, the MIR Hypothesis predicts that global contextual information will 
impact reading regardless of local incongruencies. 

 
24 native English-speaking undergraduates read 160 sentences in a 2 Global Context 

(Left Branching Biasing, Right Branching Biasing) x 4 Ambiguous Phrase (Right Branching 
Biased, Left Branching Biased, Distinct Unbiased, Equivalent Unbiased) design (Table 1). 
Critical words were the 2nd and 3rd words of the phrases (i.e., commuter and ship from wrecked 
commuter ship), while the 1st and 1st+2nd words served as the local context respectively (i.e., 
wrecked and wrecked commuter). The phrases are preceded by global contexts that correspond 
to the possible interpretation of the ambiguous phrase. Global contexts are designed to 
influence the ease of integrating the critical words with immediately preceding local context. For 
example, a global context ‘ship of wrecked passengers’ facilitates the processing of ‘wrecked 
commuter’, because wrecked explicitly integrates with a similar word to passenger.  

 
Participants read sentences word-by-word at the center of the screen while their EEG 

was recorded. Comprehension questions appeared after ~25% of the trials to verify 
participation. In the ERP analysis, mean amplitudes were generated from 300-500ms and 500-
800ms post-stimuli onset along midline electrodes (i.e., Fz, Cz, Pz). Separate analyses of 2nd 
and 3rd word ERPs were conducted using Repeated Measures ANOVAs. At the 2nd word (Figure 
1), there was a main effect of Global Context without a main effect of local context or interaction. 
Critical words preceded by incongruent Right Branching Biasing Context elicited a larger N400 
and an anterior negativity than those preceded by the congruent Left Branching Biasing 
Context. Specifically, reading wrecked passenger in the preceding global context facilitates the 
reading of wrecked commuter. At the 3rd word (Figure 2), there was a main effect of Local 
Context reflecting increased sensitivity to local incongruencies. The critical 3rd word in the Left 
Branching Biased condition (i.e., furry tiger + painting) elicited a larger N400 than the Right 
Branching Biased condition (i.e., wrecked commuter + ship). Specifically, readers expect the 3rd 
word ship following an anomalous constituent wrecked commuter, while the 3rd word painting is 
more surprising following a semantically valid constituent furry tiger.  

 
The results inform when readers use global and local context during disambiguation. 

They are consistent with the MIR Hypothesis and prior work showing that global context cues 
can suppress sensitivity to local cues3,4. They are inconsistent with the Minimalist Hypothesis, 
because global context effects were found regardless of local semantic congruency at the 2nd 
word. While local inconsistencies between the critical word and its local context occur at both 
the 2nd and 3rd word, the results suggest that readers are sensitive to local incongruencies only 
at the 3rd word when the Global Context effect fades. It shows that discourse-level context 
effects influence immediate parsing, followed by effects of local cues. This supports ‘Top Down’ 
models of sentence processing where long-distance context plays a key role. 
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Table 1 Stimuli: Structurally ambiguous with different semantic properties. Norming data shows 
that they differ regarding two properties: 1) how different are the two possible interpretations in 
meaning; 2) are people biased towards one interpretation without context. Word-length and 
bigram frequencies (1st+2nd, 2nd+3rd, 1st+3rd bigrams) of the ambiguous phrases were matched. 
Ambiguous Phrase Structures Meanings 
Left Branching Biased: 
furry tiger painting 

[furry [tiger painting]] tiger painting that is furry 
[[furry tiger] painting] painting of a furry tiger 

Right Branching Biased: 
wrecked commuter ship 

[wrecked [commuter ship]] commuter ship that is wrecked 
[[wrecked commuter] ship] ship for wrecked commuters 

Distinct Unbiased: 
tall wheat tractor 

[tall [wheat tractor]] wheat tractor that is tall 
[[tall wheat] tractor] tractor for tall wheat 

Equivalent Unbiased:  
automatic copying 
machine 

[automatic [copying 
machine]] 

copying machine that is 
automatic 

[[automatic copying] 
machine] 

machine for automatic copying 

 

  

  

 
 
 
 
 
 
 
 
[1] Van Berkum, J. J. (2008). Understanding sentences in context: What brain waves can tell 
us. Current directions in psychological science, 17(6), 376-380. [2] McKoon, G., & Ratcliff, R. 
(1992). Inference during reading. Psychological Review, 99, 440–446. Meyer, D. E., & 
Schaveneveldt, R. W. [3] Van Petten, C., Coulson, S., Weckerly, J., Federmeier, K. D., Folstein, 
J., & Kutas, M. (1999). Lexical association and higher-level semantic context: An ERP 
study. Journal of Cognitive Neuroscience Supplement, 46. [4] Camblin, C. C., Gordon, P. C., & 
Swaab, T. Y. (2007). The interplay of discourse congruence and lexical association during 
sentence processing: Evidence from ERPs and eye tracking. Journal of Memory and 
Language, 56(1), 103-128. [5] Van Berkum, J. J. (2009). The neuropragmatics of 'simple’ 
utterance comprehension: An ERP review. In Semantics and pragmatics: From experiment to 
theory (pp. 276-316). Palgrave Macmillan. 

Critical 3rd word in bold: 
Left Branching Biased:  
furry tiger painting 
Right Branching Biased: 
wrecked commuter ship 

Figure 1 Global Context: Waveform and Topography showing N400 (F(1,23)=11.951, p<.01 
from 300-800ms) and anterior negativity (F(1,23) = 6.257, p<.05 from 300-800ms) for Right 
Branching Global Context in comparison to Left Branching Global Context. The critical word is 
commuter from wrecked commuter ship. 

 Critical word commuter is preceded 
by either: 
Right Branching Global Context: 
passenger ship that is wrecked 
Left Branching Global Context:  
ship for wrecked passengers 

Cz 

Figure 2 Local Context: Waveform and Topography from 300-500ms showing that 
inconsistent Left Branching Biased condition is significantly more negative than consistent 
Right Branching Biased condition (p = .033 with Holm-Bonferroni correction for multiple 
comparisons). The critical 3rd word is in bold and the local context includes preceding words. 



Listeners’ predictions of sentence lengths are categorical, not gradient 
Amanda Rysling (UC Santa Cruz), Charles Clifton (UMass Amherst), Nicholas Van Handel (UC             
Santa Cruz), Ria Geguera (UMass Amherst), Hannah Choi (UMass Amherst), & Anne Cutler             

(The MARCS Institute, Western Sydney University) 
rysling@ucsc.edu 
Evidence that listeners can predict the length of a sentence from its F0 declination first came                
from [5]’s demonstration that listeners can predict how many words followed a potential last              
word (PLW) of a sentence. Listeners heard words up to a PLW of an experimental sentence,                
underlined in (a). In the +0 condition, this PLW was the last word that the speaker had                 
produced. In +3 or +6 conditions, (b) and (c), listeners heard words only up to the PLW, but                  
those were taken from productions of sentences that continued for three or six words past the                
PLW. Early studies found that American English (AmE) native listeners reliably predicted more             
words for +6 than +3 than +0 conditions [5, 6], but native European French listeners did not [6].                  
F0 declination was implicated as the cue that listeners used after acoustic analyses found that               
only F0 range from beginning to PLW to reliably changed with sentence length. But recent work                
has failed to replicate different length predictions for +3 vs. +6 conditions by native Australian               
English (AuE), L1 Korean-L2 AuE, L1 Vietnamese-L2 AuE, native German, and L2 German             
listeners [7, 8]. This lack of difference is problematic for accounts that rely on F0 declination,                
because common speech production pressures make declination occur cross-linguistically.  

We hypothesize that these failures to replicate arise, because the original +3 vs. +6              
difference was due to Type I error, not because of special sensitivity to declination on the part of                  
native AmE listeners. We present two identical pre-registered studies conducted at two North             
American research universities. The original study [5] employed a gating manipulation in which             
different-size portions of the PLW were presented. Since the largest effect of words after a PLW                
was found when the full PLW was presented, we used only that condition. A male native                
speaker of AmE produced all sentences, resulting in smaller F0 range than in [5, 6], but                
significant differences between declination ranges of different conditions (Table 1). Listeners           
(target 32 per study, as in [5]) heard all three conditions from each item, not just one from each                   
item, allowing them greater familiarity with the speaker than listeners in [5, 6, 7]. Because [5, 6]                 
found no sensitivity to a +6 vs. +9 contrast, +9 was not tested. On each trial, participants heard                  
up to the PLW of an item, and saw text from corresponding +0, +3, and +6 conditions on a                   
screen. They indicated whether the production they heard came from a +0, +3, or +6 version. 

In two studies, native listeners of AmE demonstrated a clear insensitivity to the +3 vs. +6                
contrast, but they could correctly state that no more words followed the PLW in +0 conditions                
(Figure 1 and Table 2; statistical analyses for the first instance of a condition from each item, as                  
in [5, 6], were not different). Results and stimulus acoustic analyses (Table 1) from the present                
studies demonstrate that listeners do not simply use F0 declination to predict ultimate sentence              
lengths. Some F0 declination differences that are present, e.g. between +0 and +6 on the PLW,                
are apparently not leveraged. We argue that this is because listeners only generate prosodic              
predictions from cues of high validity [3]. Speakers can modulate their F0s very quickly,              
stopping or production-planning mid-sentence. Their rate of pitch change can thus be unreliable.             
Listeners’ failures to leverage weaker sources of evidence to form gradient predictions parallels             
previous work, which demonstrated that native listeners of English do not leverage regularities             
in English stress for word segmentation, in contrast to native listeners of Dutch and Spanish,               
who use qualitatively comparable patterns of higher cue validity [2, 3, 4, 9]. We thus argue for                 
an understanding of prosodic prediction under which listeners only form predictions for which             
they can have relatively high degrees of certainty.  

norielleadricula
Text Box
Poster Session A: Friday, 4:30 - 6:30 PM, 
Location: Pre-Function Area, #A78



 
Example experimental item 

(a) +0 condition: Earlier my sister took a dip . 
(b) +3 condition: Earlier my sister took a dip in the pool. 
(c) +6 condition: Earlier my sister took a dip in the pool at the club. 

 

 +0 +3 +6 Significant differences 

F0 declination to last word 
in sentence (Hz) 

50.4 42.4 36.0 +0 vs. +3, +0 vs. +6, 
 +3 vs. +6 

F0 movement on PLW (Hz) 1.2 11.6 16.5 +0 vs. +3, +0 vs. +6 
 

Table 1 - Acoustic measures of F0 declination in stimuli sentences 
 
 

 
Figure 1 - Mean(s.e.) predicted words from replications 1 and 2, respectively 
 

 Replication 1  Replication 2 

 Estimate s.e. z p  Estimate s.e. z p 

0 vs. (+3 and +6) 1.82 0.18 9.86 <0.001  1.34 0.05 28.75 <0.001 

+3 vs. +6 -0.013 0.05 0.27 0.78  -0.03 0.04 0.77 0.44 
 

Table 2 - Fixed effects estimates from ordinal mixed effects regression [1] 
 
[1] Christensen, R.H.B. (2012). [2] Cooper, N., Cutler, A., & Wales, R. (2002). [3] Cutler, A.                
(2012). [4] van Donselaar, W., Koster, M., & Cutler, A. (2005). [5] Grosjean, F. (1983). [6]                
Grosjean, F., & Hirt, C. (1996). [7] Jeske, J., Kember, H., & Cutler, A. (2016). [8] O’Brien, M. G.,                   
& Hendricks, A. K. E. (2013). [9] Soto-Faraco, S., Sebastian-Galles, N., & Cutler, A. (2001).  



Illusory licensing of wh-phrases in Japanese: A preliminary study using speeded 
acceptability judgment task 
Itsuki Minemi (The University of Tokyo) 
minemi@g.ecc.u-tokyo.ac.jp 
This study investigates whether ‘illusory licensing’ occurs in the online comprehension of 
Japanese wh-dependencies. Illusory licensing refers to a phenomenon in which a grammatically 
ineligible element is licensed by an irrelevant licensor. 

Many studies have reported illusory licensing of NPIs in head-initial languages[1][2]. In such 
environments, from the perspective of incremental parsing, even if the parser encounters a 
licensor, for example, no or not in English, it is uncertain whether the sentence also has a licensee, 
such as any. That is because elements that work as licensors (e.g., not, no) do not need licensees. 
Therefore, only after it encounters a licensee, the parser starts to search for an appropriate 
licensor that has been encoded in memory (retrospective licensing).On the other hand, in head-
final languages, licensees precede licensors. When the parser encounters a licensee, it becomes 
clear that a sentence has a licensor later since licensees always need their licensors. Therefore, 
immediately after the parser processes a licensee, it predicts a licensor in the grammatically 
appropriate position (prospective licensing). 

Only few studies have examined illusory licensing in prospective processes[3] and the study 
used NPI-negation dependency for the test. In order to see how the grammar and prospective 
licensing mechanisms correlate with each other in more detail, the present study investigates 
whether illusory licensing occurs in the other type of prospective licensing (wh-licensing) in 
Japanese. It enables us to see whether illusory licensing occurs in such environments as 1) 
dependency is prospective and 2) purely morpho-syntactic. 

In Japanese, wh-phrases need to be syntactically licensed (i.e., c-commanded) by 
Q(uestion)-particles. The sentence (1) in Table 1 is grammatical because the wh-phrase dono-
seito (which-student) is licensed by the Q-particle -no, which is in the syntactically higher position 
than the wh-phrase. The sentence (2) in Table 2 is ungrammatical although it has a Q-particle -
ka since the Q-particle is located in the lower position than the wh-phrase[4]. In terms of online 
sentence comprehension, noun phrases (NPs) with -ga particle are processed as nominative NPs. 
Two nominative NPs cannot be in the same clause in Japanese, and therefore the appearance 
of the second -ga NP would be a signal of the embedded clause[5]. The sentence (3) is also 
ungrammatical because there is no Q-particle at all in the sentence. 
     If the Q-particle -ka in the embedded clause in (2) triggers retrieval of the syntactically 
ineligible wh-phrase dono-seito (illusory licensing), the acceptability of (2) would be higher than 
that of (3), which has no Q-particle. To test this prediction, this study compared acceptability rates 
of these ungrammatical sentences with the grammatical counterparts (4 & 5), using a speeded 
acceptability judgment task. The grammatical sentences include a Q-particle in a matrix clause, 
which can appropriately license a wh-phrase in the sentence initial position so that the 
acceptability of (4) and (5) would not be different. 

Twenty native speakers of Japanese participated in the experiment. The participant read 
totally 48 sentences (24 target and 24 irrelevant filler sentences) in Rapid Serial Visual 
Presentation. After reading each sentence, they were asked to judge whether a sentence is 
acceptable or not. 

Generalized linear mixed-effects model revealed a significant main effect of GRAMMATICALITY 
(β = 5.2753, z = 10.439) and interaction of GRAMMATICALITY and EMBEDDED COMPLEMENTIZER 
TYPE (β = 1.9451, z = 2.709). The interaction would reflect the higher acceptability in (2) than (3) 
as shown in Figure 1. These results show that the ungrammatical sentence (2) is still 
unacceptable, but it was rated acceptable more than (3), due to illusory licensing of the wh-phrase 
by the Q-particle in the embedded clause in (2). 

This study demonstrates that illusory licensing occurs even in the online sentence 
comprehension of pure syntactic licensing in prospective dependencies. In the next step, further 
studies are needed to reveal incremental properties of such processes; whether illusory licensing 
of wh-phrases occurs immediately after the parser encounters the embedded Q-particle although 
the sentence is grammatical at that point, or only after it realizes the ungrammaticality due to lack 
of Q-particle at the sentence end. 
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Table 1. An example of Japanese wh-questions. 
(1) Dono-seito-ga  iiiii kyoositu-de  manga-wo iiiiyonda-no? 

Which-student-Nom classroom-Loc cartoon-Acc  read-Q? 
‘Which student read a cartoon in the classroom?’ 

Table 2. Examples of the experimental sentences. 
(2) *Dono-seito-ga [sensei-ga iiikyoositu-de  manga-wo iyonda-ka]ikootyoo-ni     iitta. 

Which-student-Nom [teacher-Nom classroom-Loc cartoon-Acc read-Q]  ivice-principal-Dat told. 
‘Which student told the vice principal whether the teacher read a cartoon in the classroom.’ 

(3) *Dono-seito-ga [sensei-ga iiikyoositu-de  manga-wo iyonda-to]I iikootyoo-ni     itta. 
Which-student-Nom [teacher-Nom classroom-Loc cartoon-Acc read-Decl] iivice-principal-Dat told. 
‘Which student told the vice principal that the teacher read a cartoon in the classroom.’ 

(4) Dono-seito-ga   i[sensei-ga iiikyoositu-de  manga-wo iyonda-ka] kootyoo-ni   iitta-no. 
iWhich-student-Nom [teacher-Nom classroom-Loc cartoon-Acc read-Q]  vice-principal-Dat told-Q. 
i‘Which student told the vice principal whether the teacher read a cartoon in the classroom?’ 

(5) Dono-seito-ga    [sensei-ga iiikyoositu-de  manga-wo iyonda-to]iiikootyoo-ni     itta-no. 
iWhich-student-Nom [teacher-Nom classroom-Loc cartoon-Acc read-Decl] vice-principal-Dat told-Q. 
i‘Which student told the vice principal that the teacher read a cartoon in the classroom?’ 
 

Figure 1. The mean acceptable response rates. 
  iError bars indicate 95% confidence intervals of the mean. 
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The non-quantum nature of parsing the late-closure ambiguity 
Zhiying Qian (Florida State University) & Gary Dell (University of Illinois Urbana-Champaign) 

zqian@fsu.edu 
 
 Readers do not always arrive at correct interpretations after reading garden-path sentences 
such as (1) (Christianson et al., 2001; Ferreira et al., 2001). Rather, they tend to misinterpret (1) as 
meaning that Anna dressed the baby and the baby spit up on the bed. The earlier version of the 
“good-enough (GE)” sentence processing account proposed that if the misinterpretation is chosen, 
the correct parse cannot be fully created (Christianson et al., 2001, 2006) and so the mis-parse and 
the correct parse do not co-exist, whereas the later version of GE stated that if the wrong parse is 
chosen, the correct parse is still created, leading to the co-existence of both propositions (Ferreira, 
2003; Slattery et al., 2013). 

(1) While Anna dressed the baby who was cute and cuddly spit up on the bed. 
 Our study approached this issue with an analogy to quantum physics. If light is passed 
through two slits, it creates a series of bright and dark bands (the interference pattern). Surprisingly, 
when photons are sent through the slits one at a time, they still produce the interference pattern, 
indicating that each photon passed through both slits. We refer to this as the “both-ness” feature of 
quantum theory. The both-ness-generated interference pattern was reduced when a detector was 
placed to see which slit each photon went through, demonstrating another feature of quantum theory, 
that measurement changes things. In the present study, we examine both-ness and measurement-
context sensitivity in sentence processing. Does the parsing of sentences like (1) go through one slit 
(either the mis-parse or the correct parse) or two slits (both mis-parse and correct-parse)? Does 
asking a question about one parse affect answering a question about the other parse? 
 Participants (N=55) read sentences with late-closure ambiguity such as (1) and answered two 
comprehension questions after each sentence. The sentence and each of the two questions were 
presented on separate screens. Twelve reflexive verbs such as “dress” were each used three times 
to create 36 items, with each item in 6 conditions. The 6 conditions differed in which questions were 
asked and the order of these questions: Corr-then-Mis, Mis-Corr, Corr-Main, Main-Corr, Mis-Main, 
and Main-Mis (see 2 below). The questions for the Corr-Mis condition, for example, are Did Anna 
dress herself? and then Did Anna dress the baby? Participants pressed “yes” and “no” buttons to 
indicate their answers. There were 108 fillers.  
 (2) Correct parse question (Corr): Did Anna dress herself? 
      Misparse question (Mis): Did Anna dress the baby? 
      Main clause question (Main): Did the baby spit up on the bed? 
 We first examined the both-ness issue. Are the incompatible parses both present? There 
were 620 events in which the Corr and Mis questions were given opposite answers and only 18 
events in which they were both answered “yes”. The mean Phi-coefficients for answers to these 
questions revealed a very powerful negative relation, such that “yes” on the correct parse questions 
implied “no” on the mis-parse questions (t=-36, p<.0001, mean Phi=-.86). Participants either correctly 
or incorrectly parsed the sentences (going through one slit), only rarely asserting that Anna dressed 
the baby and that Anna dressed herself. Furthermore, there was little evidence that question order 
has an effect on the answers given (no quantum-like context effects). The accuracy rates for main 
clause questions were comparable when asked first (96%), asked after the misparse questions 
(96%), and asked after the correct parse questions (97%). There was no difference in the accuracy to 
mis-parse questions when asked first (45%), asked after the correct parse questions (44%), and 
asked after the main clause questions (43%). The only small context effect was that first asking about 
the main clause increased accuracy on the correct parse question (62% yes) compared to asking the 
same question after answering the misparse question (54% yes, p<.05). Taken together, these 
results showed that 1) the mis-parse was often present for this type of sentences (45%), 2) context 
effects resulting from prior question answering were small or non-existent, suggesting that beliefs 
about the propositions expressed were not easily pushed around, and 3) participants either believe 
the mis-parse or the correct parse, but not both, which is compatible with the earlier version but not 
the later version of the good-enough sentence processing account. 
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Syntactic interlanguage speech benefit: an ERP study 
 
Previous experimental evidence suggests that listeners better understand second language (L2) 
speech if it is uttered by non-native speakers (with whom they share or not their L1) as 
compared to when it is uttered by native speakers. This advantage is called interlanguage 
speech benefit and it reflects facilitation in L2 comprehension presumably due to shared 
linguistic and non-linguistic knowledge between interlocutors. The interlanguage speech benefit 
has been reported in different linguistic domains (e.g., phonology, semantics), with non-native 
listeners’ advantages in detecting L2 phonological, lexical and semantic cues when produced by 
non-native speakers as compared to native speakers (Bent & Bradlow, 2003; Hayes-Harb et al., 
2008; Smith & Rafiqzad, 1979). The present ERP study is aimed at testing whether an 
interlanguage speech benefit can be observed even in the syntactic domain. To this aim, we 
took into account the case of morphosyntactic violations uttered by native (not sharing the L1 
with the listeners) and non-native speakers (sharing the L1 with the listeners). Previous ERP 
studies showed that L2 listeners have difficulties in the processing of grammar errors produced 
by native speakers, with a concomitant reduction of the brain correlates typically associated with 
grammar processing (e.g., reduced early negative effects and/or reduced P600 effects -late 
posterior positive effects- in response to L2 morphosyntactic violations; Rossi, Gugler, 
Friederici, & Hahne, 2006). The interlanguage speech benefit hypothesis predicts that these 
difficulties should be reduced when L2 morphosyntactic violations are produced by non-native 
speakers, with ERP effects of grammar processing becoming more evident. 
 
English-Spanish bilinguals (highly-proficient late learners of Spanish) were presented with one-
hundred eighty Spanish utterances which could be grammatically correct or incorrect. Two types 
of article-noun agreement violations were included: number and gender violations. The 
utterances were produced by Spanish native speakers and by English-Spanish speakers with a 
clear English accent when speaking in Spanish. Sentences of both accents showed similar high 
levels of intelligibility. ERP waveforms time-locked to the onset of the target noun were derived 
for each experimental condition. Repeated-measures Anovas were conducted on a subset of 
centro-posterior electrodes (9 channels) in the following time windows: 300-500 ms; 500-1000 
ms; 1000-1500 ms. The ANOVAs included Accent (native, non-native), and Grammaticality 
(number violation, gender violation, grammatically correct sentence) as within-subject factors. 
 
Preliminary ERP results from 10 participants show an effect of Grammaticality in the late time 
window (300-500 ms: F(2,18)=1.99, p=.17; 500-1000 ms: F(2,18)=2.46, p=.11; 1000-1500 ms: 
F(2,18)=7.95, p<.01), with a greater P600 for number violations as compared to correct 
sentences regardless of the accent (number: t(9)=3.72, p<.01). For the gender violation, 
exploratory analyses for each accent type showed a P600 effect only in the case of non-native 
accent (1000-1500 ms, non-native accent: t(9)=3.04, p<.05; native accent: t(9)<1; see Figure 1). 
However, the interaction Grammaticality x Accent was not significant (300-500 ms: F<1; 500-
1000 ms: F(2,18)=1.25, p=.31; 1000-1500 ms: F(2,18)=2.40, p=.12), probably due to the small 
sample size.  
 
This trend in the data seems to be in line with the presence of an interlanguage speech benefit 
even within the morphosyntactic domain, at least in the case of grammatical gender (a domain 
where L2 listeners typically show persistent difficulties; Kroll & de Groot, 2005). Additional 
participants will be recruited in order to see whether this trend is confirmed with a larger sample. 
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Figure 1. Preliminary grand-average waveforms for each experimental condition (n=10). 
Negativity is plotted upwards. 



Active Antecedent Search in Cataphora Processing: Insights from Neural Oscillations 
Dave Kush (NTNU), Ashley Lewis (Radboud University), Andrew Jahn (U of Michigan), Luca 
Campanelli, Clinton L. Johns and Julie Van Dyke (Haskins Laboratories) 
dave.kush@ntnu.no 
  

The processing of backwards anaphoric (cataphoric) dependencies [1] involves an 
active search for an antecedent [2,3]. Encountering the pronoun he/she in (1) triggers a search 
for a potential antecedent, which is found in the main subject John. Evidence for active search 
comes from gender-mismatch effects: the subject NP in (1) is read more slowly when it 
mismatches the preceding pronoun in gender. Some researchers have argued that active 
search is sensitive to grammatical constraints [2]: the parser does not consider subsequent NPs 
as potential antecedents if they are in grammatically illicit positions. For example, the parser 
should never consider co-reference between He/She and John in (2), because co-reference is 
ruled out by Principle C [4].  

Initial evidence for a grammatically sensitive active search mechanism came from self-
paced reading studies, which showed mismatch effects at NPs in grammatically licit positions, 
but not at positions ruled out by Principle C [2]. However, recent eye tracking work suggests that 
structural constraints are only used relatively late during processing to rule out illicit coreference 
[5]. For sentences like (1) and (2) above the critical interaction (mismatch effect at the potential 
antecedent John in 1 but not 2) appears only in late eye movement measures [5]. This suggests 
that active search may initially be insensitive to grammatical constraints, indiscriminately 
positing coreference relations between unbound pronouns and subsequent matching NPs, 
some of which must later be filtered out based on grammatical constraints. Given that the critical 
interaction in [5] was only marginal the debate is far from settled.  

Our Study used the time-course of neural signatures, which are sensitive to qualitative 
aspects of processing, to address the interplay between structural (top-down) and lexical 
(bottom-up) information during cataphora processing. Neural oscillations in the beta frequency 
range (13-30 Hz) provide a signature of the maintenance (increase) or change (decrease) of the 
representation of the current sentence-level meaning [5] and are sensitive to grammatical 
gender violations [6]. Beta oscillations are therefore an excellent candidate to provide a window 
into the neurophysiological time-course of the kind of active search engaged during cataphora 
processing.  

We used electroencephalography (EEG) to investigate beta oscillations while 
participants (N = 24) read Cataphor sentences like (1), which require an active search for an 
antecedent and NonCataphor sentences like (2), which do not. In addition to varying sentence 
type, our design also manipulated whether the pronoun (he/she) matched or mismatched the 
grammatical gender of a subsequent subject NP John (the target word).  

Cluster-based permutation tests on the sensor-level data identified 240-880ms after the 
onset of the target name as our window of analysis. Time-frequency analysis of power with 
source reconstructed data (beamformer approach) demonstrated an interaction between 
sentence type (Cataphor v. NonCataphor) and gender match for low beta power (13-19 Hz), 
[F(1,23) = 7.65, p = 0.011]. See Figure 1. Beta power was lower in the Cataphor-mismatch 
condition than in the Cataphor-match condition [t(23) = 3.21, p = 0.004], but no such effect was 
observed in NonCataphor conditions. The pairwise effect was restricted to left frontal and 
temporal regions, most notably left inferior frontal gyrus, which is implicated in syntactic 
prediction [3]. Our results provide support for an early influence of structural constraints on 
active antecedent search.   
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(1) After he/she met the girl that was wearing orange pants by the store John jogged home.  
(2) He/She met the girl that was wearing orange pants by the store after John jogged home.  
 
References: [1] van Gompel et al., 2003; [2] Kazanina et al., 2010; [3] Matchin et al., 2017. [4] 
Chomsky, 1981; [5] Drummer et al., 2018; [5] Lewis et al., 2015; [6] Lewis et al., 2016 
 
 
 
 

 
 
Figure 1. Average low beta power (13-19Hz) following the onset of the target name in Cataphor 
and NoCataphor conditions. 



Sound-meaning systematicity in early word learning 
Justin B. Kueser and Laurence B. Leonard (Purdue University) 
jkueser@purdue.edu 
 

Early word learning relates both to a word's semantic content and its phonological form. 
Young children tend to learn highly salient, concrete words made up of sounds within their 
phonological inventories before other words. Children also attend to how semantics and 
phonology systematically vary across words and use this information as a cue to support word 
learning in controlled, experimental settings across a wide range of ages (e.g., Imai, Kita, 
Nagumo, & Okada, 2008). Research has shown that sound-meaning systematicity and a related 
concept, iconicity, are related to naturalistic word learning, with more systematic or iconic words 
demonstrating younger ages of acquisition (e.g., Monaghan, Shillcock, Christiansen, & Kirby, 
2014; Thompson, Vinson, Woll, & Vigliocco, 2012). These studies have treated systematicity 
and iconicity as a word-level value that does not change based on an individual child’s 
vocabulary; that is, in these studies, each word possesses a fixed value for systematicity or 
iconicity. Nevertheless, we know that the ability to take advantage of sound symbolism varies as 
a function of age (e.g., in learning novel verbs conforming to the Japanese sound symbolism 
system as shown in Imai et al., 2008), suggesting that a child’s individual vocabulary size and 
the particular words known will affect the degree to which the child responds to sound-meaning 
systematicity. Each word’s contribution to overall sound-meaning systematicity within an 
individual child will change based on the other words the child knows.  

We sought to address this potential problem by investigating the degree of sound-
meaning systematicity in individual children’s vocabularies. Working from analyses suggesting 
that the English language as a whole demonstrates more sound-meaning systematicity than 
would be expected by chance, we investigated the role that sound-meaning systematicity plays 
in word learning in a large sample of administrations of MacArthur-Bates Communicative 
Development Inventories in American English, British English, and Mexican Spanish. 
Phonological and semantic similarity values were calculated for all pairs of words in each 
language and these values were used to calculate sound-meaning systematicity for each child’s 
individual vocabulary. We found that in each of the languages, across a wide range of 
vocabulary sizes, children's vocabularies tended to demonstrate more sound-meaning 
systematicity than would be expected based on word frequency, word length, part of speech, 
phonotactic probability, neighborhood density, and consonant age-of-acquisition (see Figure 1). 
Further, we found a significant degree of individual variation in sound-meaning systematicity 
across children, especially at smaller vocabulary sizes. We also found that sound-meaning 
systematicity tended to be present at similar levels in each of the languages at smaller 
vocabulary sizes but tended to diverge in different languages at larger vocabulary sizes. These 
cross-linguistic patterns appeared to follow the overall trends for sound-meaning systematicity in 
the full adult vocabulary of each language that were observed in Dautriche, Mahowald, Gibson, 
and Piantadosi (2017), suggesting that from early development, children exploit the useful 
information provided by sound-meaning systematicity to a degree that reflects its overall 
presence in the adult language. The results also suggest that the use of sound-meaning 
systematicity may be an important factor to investigate in future studies of children’s vocabulary 
growth.  
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Figure 1. Sound-meaning correlations grouped in bins of 20 words. Dark blue lines indicate 
values for random weighted vocabularies, while red lines indicate values for children’s observed 
vocabularies. The children’s systematicity values were compared to the systematicity values of 
randomly generated vocabularies that were weighted to control for word-level properties (see 
abstract text). Error bars represent 95% confidence intervals. Light blue areas represent 
clusters of significantly different (p < .05) values after applying a bootstrapped cluster-based 
permutation test. 
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Lingering Misinterpretation in Garden-path Sentences in Native and Non-Native Speakers 
Hiroki Fujita & Ian Cunnings (University of Reading) 
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Native (L1) and non-native (L2) English speakers often misinterpret temporarily 
ambiguous garden-path sentences (e.g., “While Mary dressed the baby played.”) and persist 
with the initial interpretation (“Mary dressed the baby”) rather than the globally correct 
interpretation (“Mary dressed herself”) after reanalysis [1,4]. L1 studies show this lingering 
misinterpretation results from a failure in erasing the initial misinterpretation from memory, 
rather than an inability to complete reanalysis of the temporarily ambiguous NP (“the baby”) as 
the main clause subject rather than the theme of the subordinate clause verb [6]. Regarding 
L2ers, previous studies have shown L2ers have more difficulty recovering from garden paths 
than L1ers [4, 5]. However, it has recently been claimed that, like L1ers [6], L2ers attempt to 
reanalyse the critical NP successfully during online reading [3]. This raises the possibility that L2 
reanalysis difficulty results from a failure in erasing the initial misinterpretation, as in L1ers [2,6]. 
We report two experiments (40 L1 English speakers and 40 upper intermediate-advanced L2 
speakers of various L1 backgrounds in each) examining this issue. 
 In Experiment 1 (Ex1), participants read 24 sentences like (1). Only reflexives absolute 
transitive and reciprocal verbs were employed for the subordinate clause verb. (1a) requires 
reanalysis due to the absence of the comma while (1b) does not. One of two picture pairs was 
shown after each sentence, and the participant had to pick which picture they felt best matched 
the sentence. One picture pair, illustrated in (2a), tapped reanalysis of the subordinate clause 
verb (“the lady woke herself up” vs “the lady woke up her husband”), whereas the second pair, 
as in (2b), assessed reanalysis of the temporary ambiguous noun phrase as the main clause 
subject. In Experiment 2 (Ex2), adapted from [6], participants read 24 sentences like (3) while 
their eye-movements were monitored. Ex2 was conducted at least one week before Ex1. The 
first sentence in (3a/3c) is ambiguous, while (3b/3d) are unambiguous controls. (3a/b) and 
(3c/3d) further manipulated the continuation sentence. In (3a/b), the continuation sentence is 
consistent with the correct analysis of the first sentence (“the mother was dressing herself”). In 
(3c/d), the continuation (“the mother was dressing her son”) is inconsistent with this correct 
analysis but is consistent with the initial misinterpretation. If misinterpretation lingers, 
inconsistency may be attenuated in (3c), as the continuation matches the initial (but globally 
incorrect) interpretation of the first sentence, compared to unambiguous (3d). If readers leave 
the first sentence with the initial (incorrect) misinterpretation in (3a), continuation sentences may 
also elicit longer reading times in (3a) than (3b). 
 Ex1 found a main effect of ambiguity with lower accuracy rates in ambiguous than 
unambiguous sentences. This main effect was modulated by a marginal two-way interaction 
with group, as L2ers answered more incorrectly than L1ers in the ambiguous condition. For Ex2, 
analyses showed significantly longer reading times for ambiguous (3a/c) than unambiguous 
sentences (3b/d) at the disambiguating verb (“dressed”) of the first sentence in regression path 
and total viewing times as evidence of garden paths. In the second continuation sentence, there 
was also a two-way interaction between ambiguity and consistency in regression path duration 
due to reduced reading times for ambiguous than unambiguous sentences in the inconsistent 
conditions, indicating lingering misinterpretation. Analyses also revealed a main effect of 
consistency in total viewing times as inconsistent sentences elicited increased reading times, 
irrespective of ambiguity. 
 Taken together, the results show that L1 and L2 speakers often misinterpret garden-path 
sentences with L2ers having more difficulty recovering from garden paths than L1ers. Although 
no L1/L2 differences appeared in Ex2, reduced inconsistency effects suggest that like L1ers, 
lingering misinterpretation in L2ers seems to be at least partly attributed to a failure in erasing 
the initially assigned misinterpretation. 
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Figure 1. Proportion of correct responses in Ex1 
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Figure 2. Reading times in Ex2. Note: Disambiguation Region = “dressed”, Critical Region = 
“herself/her son”, Spillover Region = “formally for an” 
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(2b) Main Clause Question

Ambiguous Unambiguous

(1a) After the lady woke up her husband in the apartment drank some coffee.  
(1b) After the lady woke up, her husband in the apartment drank some coffee.  
(2a) the lady woke up (her husband)               (2b) The husband (the lady) drank some coffee  
 
 
 
 
 
 
(3a)  When the mother dressed her son at home called the dog. It was clear  
           that the mother was dressing herself formally for an important ceremony. 
(3b)  When the mother dressed, her son at home called the dog. It was clear  
           that the mother was dressing herself formally for an important ceremony. 
(3c)  When the mother dressed her son at home called the dog. It was clear that  
           the mother was dressing her son formally for an important ceremony.  
(3d)  When the mother dressed, her son at home called the dog. It was clear  
           that the mother was dressing her son formally for an important ceremony. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References [1] Christianson et al. (2001), CP, 42, 368–407; [2] Cunnings (2017), BLC, 20, 659-
678; [3] Fujita & Cunnings (2018), 31st CUNY; [4] Jacob & Felser (2016), QJEP, 69, 907–925; 
[5] Pozzan & Trueswell (2016), BLC, 19, 636–643; [6] Slattery et al. (2013), JML, 69, 104–120.  



Computer modeling suggests patterns of perceptual availability of phonological structure during
infant language acquisition
Cory Shain and Micha Elsner, Ohio State
Distinctive features like [±voice] and [±sonorant] have been a core construct of phonological theory for
many decades [44, 25, 7, 8], and psycholinguistic evidence suggests that they are cognitively available
to both adults [6] and infants [27, 22, 47]. Nonetheless, distinctive features are not directly observed by
humans; they are abstractions that must be inferred from dense perceptual information (sound waves)
during language acquisition and comprehension, which raises questions about how they are learned and
recognized. Recent work on child language acquisition has stressed the importance of top-down (e.g.
lexical and phonotactic) information for acquiring phonemic categories [34, 42, 17, 28, 32, 18, 12]. But
to prevent the acquisition process from being circular, the acoustic signal must also provide evidence for
phonemic categories. Furthermore, top-down guidance is likely less reliable to young infants, who must
therefore rely more heavily on bottom-up perceptual information. To a learner faced with the immense
challenge of discovering structure in dense perceptual input, do theory-driven phonological features “stand
out” or are they swamped by noise?

We address this question through computational acquisition modeling, which permits fine-grained anal-
ysis of the learned representations that is not possible to obtain from human infants. Our acquisition model
takes as a starting point cognitive evidence that brains actively model their perceptual world [16, 41, 49],
that autoassociation characterizes the behavior of many brain regions [43, 39], that language comprehen-
sion and production might be linked through a sensorimotor loop [24, 15, 46, 48, 38, 26, 4], that limited
auditory memory requires austere compression of dense acoustic percepts during real-time language com-
prehension [3, 2, 14], that featural decomposition of phone segments occurs during the acquisition process
[27, 22, 47], and that there are broad tendencies toward categorical perception in human cognition [20],
including that of infants [13]. The computational learners used in this study have all of these characteris-
tics: they are deep neural autoencoders (percept modeling, autoassociation, sensorimotor loop) that force
acoustic information from phone segments through a tight 8-dimensional representational bottleneck (com-
pression) consisting of discrete binary stochastic neurons or BSNs (feature decomposition, categorical
perception). Our learners thus have a representational capacity of 256 discrete phone categories, decom-
posable along 8 binary feature dimensions, with which to describe their variegated perceptual world. This
setup allows us to evaluate degrees of correspondence between these perceptually-driven unsupervised
representations and theory-driven phonological representations.

We deploy these models to answer two questions about the data available to young learners whose
training signal must primarily be extracted from bottom-up perceptual information: (1) to what extent can
phoneme categories emerge from a drive to model auditory percepts, and (2) how perceptually available are
theory-driven phonological features? We apply our models to naturally-occurring acoustic phone segments
from two typologically unrelated languages: the Xitsonga [10] and English [35] corpora from the Zerospeech
2015 shared task [45]. Unsupervised phone classification metrics homogeneity (H), completeness (C),
and V-measure (V) [40] are given in Tables 1a & 1b. As shown, much phonemic structure is perceptually
available from acoustics alone (20-40x clustering improvement over a random baseline). We further analyze
the recoverability of theory-driven phonological features from the learners’ latent bit patterns, using random
forest classifiers [33] to fit propositional logical statements that map from latent bits to binary featurizations
of the true segment labels [21, 19]. Precision (P), recall (R), and F-scores (F) are given in Tables 1c & 1d.
Patterns of feature availability are remarkably consistent across languages, suggesting that the models
are capturing generalized perceptual patterns. Furthermore, there are strong asymmetries in perceptual
availability, with good recovery of voicing features and features that distinguish prototypical consonants from
prototypical vowels, along with comparatively poorer recovery of e.g. certain place and manner distinctions.
These findings align with attested patterns of infant phone discrimination [1, 11, 31, 36, 30, 5, 29, 37, 9, 23].

Our results show (1) that phonemic structures emerge naturally but imperfectly from perceptual re-
construction and (2) that theory-driven features differ in degree of perceptual availability. Together, these
findings suggest that reliable cues to phonemic structure are immediately available to infants from bottom-
up perceptual characteristics alone, but that these cues must eventually be supplemented by top-down
lexical and phonotactic information to achieve adult-like phone discrimination. Our results also suggest
fine-grained differences in degree of perceptual availability between features, yielding testable predictions
as to which features might depend more or less heavily on top-down cues during child language acquisition.

1

norielleadricula
Text Box
Poster Session B: Saturday, 8:15 - 10:00 AM,  Location: East & West End Rooms, #B5



Model H C V
Random Baseline 0.023 0.013 0.016
BSN Autoencoder 0.462 0.268 0.33

(a) Xitsonga clustering

Model H C V
Random Baseline 0.006 0.004 0.005
BSN Autoencoder 0.270 0.180 0.216

(b) English clustering

Feature P R F
voice 0.9767 0.9033 0.9386

sonorant 0.9249 0.9085 0.9166
continuant 0.9492 0.7936 0.8645

consonantal 0.8314 0.8915 0.8604
approximant 0.8998 0.8192 0.8576

syllabic 0.8278 0.8523 0.8398
dorsal 0.8935 0.7703 0.8273

strident 0.6991 0.9594 0.8089
low 0.7175 0.8978 0.7976

front 0.6590 0.8101 0.7268
high 0.5875 0.7882 0.6732
back 0.5352 0.8527 0.6577

round 0.5332 0.8551 0.6568
labial 0.5669 0.7725 0.6539

coronal 0.5382 0.8301 0.6530
tense 0.5208 0.8115 0.6344

delayed release 0.5468 0.7226 0.6225
anterior 0.4078 0.8355 0.5481

nasal 0.3635 0.8796 0.5144
distributed 0.2459 0.8537 0.3819

constricted glottis 0.1762 0.9007 0.2948
lateral 0.1536 0.8062 0.2581

labiodental 0.0934 0.7980 0.1672
trill 0.0809 0.7401 0.1458

spread glottis 0.0671 0.5856 0.1204
implosive 0.0041 0.4041 0.0081

(c) Xitsonga feature recovery

Feature P R F
voice 0.9244 0.8567 0.8893

sonorant 0.8544 0.8862 0.8700
approximant 0.8005 0.8370 0.8183

continuant 0.8577 0.7669 0.8098
consonantal 0.8249 0.7357 0.7777

syllabic 0.6624 0.8426 0.7417
dorsal 0.7046 0.7114 0.7080

strident 0.5505 0.9027 0.6839
coronal 0.5758 0.7066 0.6345
anterior 0.5251 0.7280 0.6101

delayed release 0.4413 0.7374 0.5521
front 0.4322 0.7407 0.5459
high 0.3841 0.6931 0.4943

tense 0.3275 0.7101 0.4483
back 0.3128 0.7504 0.4416

nasal 0.2796 0.7544 0.4080
labial 0.2541 0.7077 0.3739

low 0.2410 0.7787 0.3680
distributed 0.2203 0.6881 0.3337

stress 0.2052 0.8027 0.3269
diphthong 0.2039 0.8051 0.3254

round 0.1665 0.7012 0.2692
lateral 0.1484 0.8333 0.2519

labiodental 0.0787 0.6756 0.1410
spread glottis 0.0377 0.6683 0.0714

(d) English feature recovery
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Evaluating a Minimalist grammar parser on Italian relative clause asymmetries

Aniello De Santo (Stony Brook University)
aniello.desanto@stonybrook.edu

Overview Recent studies have shown that a top-down parser for Minimalist grammars (MGs;
[9]) can be combined with complexity metrics to relate parsing behavior to memory usage, and
successfully used to model sentence processing preferences across a variety of seemingly unrelated
phenomena cross-linguistically [8, 5, 7]. At the core of this approach is a theory of grammatical
structure driving processing cost, thus connecting longstanding ideas about memory resources with
explicit syntactic analyses in rigorous ways. Extending the range of phenomena correctly modeled
by the parser is then going to be crucial to confirm the empirical feasibility of the approach. Here,
we test the parser performance on the processing asymmetries reported for Italian relative clauses
(RCs), which have been object of extensive study in the psycholinguistic literature and, especially
due to the pro drop nature of the language, make for an interesting testing ground for the MG parser.
Italian RCs Italian speakers conform to a reported cross-linguistic preference for subject (SRC,
1) over object (ORC, 2) relative clauses [12, a.o.]. Interestingly, Italian also allows for object
relatives with the embedded subject expressed postverbally, and a null pro postulated in the
embedded preverbal position (ORCp, 3). Although postverbal subject constructions are very
common, studies have shown increased efforts with ORCp, leading to the following difficulty
gradient: SRC < ORC < ORCp [10]. The fact that SRCs are easier than ORCs is consistent with the
predictions of a variety of theories [6, 2, 4]. However, the increased difficulty with ORCs including
a postverbal subject has been subject of much interest in previous literature, and it is usually
discussed in terms of costly local-ambiguity resolution [cf. 4, 12]. Thus, these asymmetries offer a
fascinating challenge for the MG model since, with its perfect oracle strategy, the parser ignores
ambiguity resolution in favor of comparing memory resources allocated to successful parses.
MG Parsing and Memory Metrics The MG parser systematically links syntactic structure to
processing difficulty by connecting the stack states of a top-down parser for MGs to memory burden.
In particular, the model refers to three cognitive notions of memory usage: I) how long a node is
kept in memory (tenure); II) how many nodes must be kept in memory (payload); or III) how many
bits a node consumes in memory (size). Based on these concepts, Graf et al. [7] define a set
of off-line metrics of processing difficulty — measuring, for instance, maximum, average or total
(sum) tenure over a whole derivation — sensitive to fine-grained structural changes.
Modeling Results and Discussion Because of the parser’s sensitivity to grammatical structure,
the choice of syntactic analysis is crucial. In line with most of the psycholinguistic literature on this
topic, we adopt a promotion analysis of relative clauses and follow Belletti and Contemori [3] in our
analysis of postverbal subjects. Then, to control for the top-down sensitivity to the depth of left- vs.
right-embedding constructions, we test the parser performance on sentences of the form I saw the
horse [RC that ...] and The horse [RC that ...] jumped the fence — the embedded relative clause
either an SRC (1), an ORC (2), or an ORCp (3). Our simulations1 show that the MG parser correctly
predicts the gradient of difficulty observed for Italian RCs (1 < 2 < 3) across a variety of memory
metrics. In particular, max. tenure and sum size play a crucial role in discriminating between
alternatives, reflecting how the additional movement dependencies postulated for postverbal subject
constructions drive the increased processing efforts for ORCps. These two metrics have already
been noted as a good measure of processing difficulty in previous studies [7], which we take as
additional support to the plausibility of the MG parser as a reliable model of sentence processing.
These results also suggest how to reinterpret popular theories of Italian RC processing in a formal
model of parsing. In particular, the MG parser offers a way to unify popular accounts of filler-gap
dependencies and theories of intervention effects based on featural Relativized Minimality [1, 11],
in a framework that takes both economy claims and syntactic assumptions seriously.

1Code available at https://github.com/CompLab-StonyBrook/mgproc
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• Example sentences:

(1) Il cavallo che insegue i leoni SRC

“The horse that chases the lions”

(2) Il cavallo che i leoni inseguono ORC

“The horse that the lions chase”

(3) Il cavallo che proi inseguono i leonii ORCp

The horse that proi chase the lionsi

“The horse that the lions chase”
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Generalized Quantifiers and Working Memory: Disentangling Encoding from Verification

Aniello De Santo & John E. Drury (Stony Brook University)
aniello.desanto@stonybrook.edu

Overview This pilot study employed recordings of pupil size variation in an an auditory/visual
verification task, to better understand working memory demands in the processing of quantified
sentences. A large amount of literature has shown that the type of quantifier in a sentence signifi-
cantly affects the verification procedure used to arrive at a truth-judgment [4, a.o.]. Interestingly, few
studies have explored effects of quantifier type on cognitive load during early comprehension, in
order to distinguish between quantifier characterization and verification procedures. We selected
quantifiers from four different categories (Aristotelian, Proportional, Numerical, Parity) and exploited
pupillometry measures [2, a.o.] to (I) ask whether there are effects of quantifier type on working
memory specifically during encoding, before subjects are allowed to engage in verification; (II) if
early effects on memory can be found, whether they pattern as predicted by theories of quantifier
meaning grounded in the approximate number system [ANS; 1], or by computational accounts of
quantifier complexity based on precise enumeration, such as the semantic automata framework [5].
Methods Participants (n = 17) were asked to judge auditory sentences of the type <Quantifier> of

the dots are <Color>, against a visual display showing systematically varied proportions of two sets
of colored dots. For numerical quantifiers, the numerical referents were also varied in order to probe
cardinality effects on pupil size and response time (RT). Crucially, the onset of the visual display was
delayed until the onset of the disambiguating predicate, to measure increases in pupil size relative to
each quantifier during encoding — prior to any disambiguating or search cue (i.e. the color predicate;
the visual scene) — and during verification (Fig. 1). Each quantifier was associated to two target
colors (blue, yellow) in two verification conditions (true, false). Proportions of colors in the visual
arrays were varied so to avoid fixed counting strategies. Each quantifier was presented 24 times,
for a total of 216 trials. SR Research DataViewer was used to output trial reports for three distinct
interest periods: baseline, encoding, and verification. For each interest period, we fit linear-mixed
models in R with RT, mean, and max. pupil response as dependent variables; Quantifier Type (4
levels) and Proportion (14 levels) as fixed effects, and Participant as a random effect.
Encoding (Fig. 2a). We found effects of quantifier type on mean (F(3,3190) = 7.36, p < 0.001)
and max (F(3,3190) = 8.14, p < 0.001) pupil response during encoding, confirming that there were
comprehension effects on working memory guided by the semantic content of different quantifiers.
Quantifier effects clustered in two main groups: Aristotelian-Proportional (AP) quantifiers eliciting
significantly smaller pupil responses than Parity-Numerical (PN), with no significant differences
found within clusters. Verification (Fig. 2b). Significant effects were found of quantifier type
on mean (F(3,3189) = 5.117, p < 0.01) and max (F(3,3190) = 31.740, p < 0.001) pupil response
during verification. Again AP quantifiers showed significantly smaller pupil responses than for PN
(see Figure 2), with no significant differences within AP (mean:p < 0.16; max: p < 0.94) and PN
(mean:p < 0.63; max: p < 0.55) clusters, respectively. RTs (Fig. 2c). We found effects on response
times both for quantifier category (F(3,3189)= 662.23, p< 0.001) and proportion (F(15,3189)= 11.37,
p < 0.001), with RTs faster for Aristotelian < Proportional < Parity/Numerical.
Discussion These preliminary results suggest that quantified expressions modulate working mem-
ory already during early comprehension, before any cue to verification has been given. Pupil effects
suggest that the initial specification of proportional quantifiers relies on approximate comparisons
between sets instead of precise one-to-one counting. Bigger effects recorded for Numerical and
Parity quantifiers in encoding are consistent with the idea of additional working memory load required
for the encoding of precise numerical concepts, and to early recruitment of cognitive resources that
will later be needed by the verification procedure associated to different quantifiers [3]. Future work
should probe the role of varying proportions in modulating RTs and pupil response in verification.
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of the quantifier “many,” for example, as compared to its close relatives like “more than
half,” is greater in terms of interindividual variability. Hackl (2009) in his investigation
put forth that the proportional quantifier “most” triggers a distinct behavioral strategy when
compared to “more than half,” which can be attributed to the semantic differences between
them. “Most” can be assumed to be the superlative form of “many” while “more than half”
is its comparative form. From a numerical perspective, for “more than half” there is a
fixed reference to compare between sets, namely, “half.” Therefore, although the compre-
hension strategy for “more than half” triggers complex strategies, one could assume simi-
larity in the processing steps across individuals. However, for “many” no such reference is
provided externally and thus could depend on the subjective interpretation of each individ-
ual regarding its meaning. It is conceivable that participants might adopt the most common
strategy to focus on the reference set, that is, the target color mentioned in the quantifier

(A)

(B)

Fig. 1. Experimental design of the study (A). Auditory stimulus sentences included numerical quantifiers (at
least seven, at least thirteen, at most seven, and at most thirteen) or proportional quantifiers (many, few) and
were of the type “<Quantifier> of the circles are <color>,” followed by a visual display, showing varied
proportions of yellow and blue circles with a constant total (n) of 20. The proportion of yellow circles and
blue circles was systematically varied, characterized by the number of circles (c) to be estimated in the target
color (TarCol) and ranging from 5 up to 15, as well as the complementary non-target color characterized by
the estimation parameter (r) ranging from 15 to 5. Time course of individual trials (B). Each trial starts with
a fixation cross, followed by the auditory sentence for 2.6 s. Then a visual display with the parametrically
varied proportions is presented for 1 s, followed by a visual mask for 2 s. Participants are asked to respond
per trial, if the auditory sentence matches the visual display or not, via a button press on one of two response
keys. RTs are recorded from the onset of the visual display until the offset of the visual mask (maximum
time for response: 3 s). The overall duration of a trial is 6.6 s.

S. Shikhare et al. / Cognitive Science 39 (2015) 1511

<Q> of the dots

Figure 1: Experimental design.

Quantifier Magnitude Quantifier Category
All

AristotelianNo
Some
At least n n = 2, . . . ,7;9 . . .14

Numerical
At most n n = 2, . . . ,7;9 . . .14
An even number of

Parity
An odd number of
Most

Proportional
More than half

Table 1: Quantifiers grouped by category

(a) (b) (c)

Figure 2: Comparisons of means by quantifier category for max pupil response (in arbitrary units) during
encoding (a) and verification (b); and for RTs (in ms) from image onset to end of trial (c). Signif. codes
(⇤⇤⇤ : 0.001;⇤⇤ : 0.01;⇤ : 0.05) are color coded by the quantifier category of reference.
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CROSS-LINGUISTIC INVESTIGATION OF THE CHOICE OF PRONOUNS 
Kumiko Fukumura (University of Stirling), Coralie Hervé (University of Essex),                   
Sandra Villata (University of Connecticut), Francesca Foppolo (University of Milano-Bicocca) & 
F.-Xavier Alario (Aix-Marseille Université)      
kumiko.fukumura@stir.ac.uk 

 

When referring, speakers must decide whether to use a noun or a pronoun. Research has 
shown that speakers are less likely to choose pronouns (over nouns) when referential 
candidates are more similar (e.g., Fukumura et al., 2011; 2013). A critical question concerns the 
level of representation at which such an effect might arise. The linguistic competition account 
predicts that the choice of using a pronoun is determined by the accessibility of the linguistic 
antecedent that the pronoun is replacing; speakers use fewer pronouns when the potential 
antecedents are more similar (e.g., semantically and/or phonologically), reducing the 
antecedent’s accessibility and pronoun use. Alternatively, the non-linguistic competition account 
predicts that speakers use fewer pronouns when some non-linguistic properties of the referents 
make them more similar, lowering the referent’s accessibility and the rates of pronouns. 

We contrasted these accounts in six experiments (32 participants, 48 items in each 
experiment) in English, Italian, and French. Whereas English pronouns can be chosen on the 
basis of the referent’s non-linguistic information, French pronouns agree with the antecedent’s 
grammatical gender. While Italian allows null pronouns, English and French do not. These 
cross-linguistic variations might differentially influence the level of representation that affects 
pronoun use. Participants saw a display presenting two objects on a computer monitor, and 
read aloud a context sentence (The pig above the deer is on Number 6). The target then 
changed location, whilst the competitor remained still. Participants described the change (Now 
[the pig/it] is on Number 2), so the addressee could identify the target and its new location. We 
varied the antecedents’ semantic categorical similarity (pig and deer vs. pig and bed) and 
phonological similarity (pig and pin vs. pig and can). As English pronoun it was referentially 
ambiguous, object pairs always had the same grammatical gender in Italian and French (so 
French pronouns were also always ambiguous). Additionally, we varied the context in which the 
objects appeared; in the non-linguistically similar condition, both target and competitor were in a 
red box, signalling to participants that either could move in the display. In the non-linguistically 
dissimilar condition, only the target was in a red box, signalling that only the target could move.  

We analysed the choice between pronominal expressions and repeated nouns as well as 
onset latencies using mixed-effects analyses (Baayen et al., 2008; Barr et al., 2013). In all 
languages, neither semantic similarity (category congruence) nor phonological similarity reliably 
reduced the rates of pronouns. Instead, pronoun use was affected by the referents’ non-
linguistic similarity; we found fewer pronominal expressions when both target and competitor 
were in the box than when only the target was in the box (p < .05). In all languages, participants 
were slower to produce repeated nouns (following “Now”) when the antecedents were more 
similar, though in English and Italian, this was reliable only when the antecedents were 
semantically more similar (p < .05). By contrast, the referents’ non-linguistic similarity (box 
manipulation) had no effect on noun onset latencies. An experiment in French further showed 
an effect of the antecedent’s grammatical role (i.e., speakers produced more pronouns when 
the referent occurred in the subject position rather than in a non-subject position in the context 
sentence, p < .05), demonstrating that our task was sensitive to other variables that affect 
pronoun use. Hence, whereas the choice of a pronoun was affected by the referents’ non-
linguistic similarity, not by the antecedents’ similarities, lexical competition for repeated nouns 
was affected by the antecedents’ similarities, but not by the referents’ non-linguistic similarity.  

To conclude, the choice of using a pronoun is cross-linguistically affected by the referent’s 
similarity, but not by the antecedent’s linguistic similarities, in support of the non-linguistic 
competition account. 
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Not-so strategic prediction: N400 effect of predictability regardless of overall 
predictive validity 

Wenjia Zhang (South China Normal University), Wing-Yee Chow (University College London), Bo Liang 

(South China Normal University), Hsuan-Chih Chen (The Chinese University of Hong Kong) & Suiping 

Wang (South China Normal University) 

zhangwenjia2732@126.com 

Much research has demonstrated that comprehenders can generate predictions about 
upcoming inputs on the fly [1-2]. However, some have argued that comprehenders do not normally 
engage in predictive processing, and that evidence for prediction was primarily due to artificially 
prediction-encouraging experimental contexts [3]. A recent study showed that the effect of 
predictability on comprehenders’ self-paced reading times was greatly attenuated when most of 
the stimuli in the experiment were unpredictable, suggesting that comprehenders may stop 
predicting when the experimental stimuli had low overall predictive validity [4]. In order to better 
understand the effects of experimental context on predictive processing, the present study used 
event-related potentials (ERPs) in two experiments to ask whether changing the overall predictive 
validity of the experimental stimuli will strengthen (or weaken) predictive processing and, as such, 
modulate the effect of cloze probability on the N400, a negative-going ERP component peaking 
at around 400ms after stimulus onset. We found that predictive validity did not modulate the effect 
of cloze probability on the N400 response at all and propose that comprehenders engage in 
predictive processing even when the experimental context does not encourage prediction. 

We manipulated the overall predictive validity of the stimuli within a block by using one of two 
types of filler sentences (highly constraining sentences with a predictable vs. incongruous ending) 
with a 1:1 target-to-filler ratio. All experimental sentences were highly constraining and the 
predictability of the target words was manipulated between experiments, such that they were the 
most predictable words (mean cloze = 82%) in Experiment 1 and had 0% cloze in Experiment 2. 
If comprehenders are more likely to predict (or predict more strongly) when the overall predictive 
validity of the stimuli is high, then they should have stronger expectations for the predictable target 
word when the fillers were predictable than when they were incongruous. Based on view that the 
N400 response to a word is reduced when that word’s semantic representation is pre-activated 
and can be accessed more easily, we would expect a smaller N400 response in the predictable 
filler condition than in the incongruous filler condition when the target word is predictable (Exp 1) 
but not when the target word is not predictable (Exp 2). 

This prediction was not confirmed by the results. In fact, we found that the N400 response to 
predictable targets was numerically larger in the predictable filler condition than in the incongruous 
filler condition (Exp 1; n=18); the same pattern was observed for unpredictable targets (Exp 2; 
n=18). Further, we asked whether the effect of target word predictability was modulated by filler 
sentence type by analysing the data from both experiments together. Results revealed significant 
main effects of both factors on the size of the N400, but crucially, the effect of target word 
predictability was identical between the predictable filler and incongruous filler conditions. We 
take these findings to suggest that while the processes indexed by the N400 are sensitive to the 
overall predictive validity of the stimuli, the effect of predictability on such processes (i.e., the 
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N400 effect) did not become stronger (or weaker) when the experimental context contained a 
higher (or lower) proportion of predictable sentences. Taken together, the present findings suggest 
that prediction is routinely involved in real-time language comprehension. 

 

Figure 1. Grand average waveforms and topographic distribution of N400 effect in individual experiment. 

 

Figure 2. Grand average waveforms and topographic distribution of the N400 predictability effect in each 
filler type. 
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Does implicit training lead to generalization? Evidence from an understudied construction 
Frances Blanchette (fkb1@psu.edu), Erin Flannery, & Carrie N. Jackson (Penn State University) 
 

This paper explores whether implicit training on a novel dialectal variant leads to 
generalization regarding its syntactic and semantic properties. Previous research shows that 
speakers process novel dialectal variants more easily following repeated exposure, leading 
researchers to hypothesize a shift to generalized knowledge, where sufficient linguistic cues are 
provided to facilitate generalization (Kaschak & Glenberg, 2004; Fraundorf & Jaeger, 2016). This 
paper probes this conclusion using the Negative Auxiliary Inversion (NAI) construction. These 
have the linear order of a yes-no question and the interpretation of a declarative (e.g., didn’t 
everybody eat, with the meaning ‘not everybody ate’; didn’t many people eat, with the meaning 
‘not many people ate’), and are found in multiple vernacular varieties of English (Matyiku, 2011).  

This study capitalizes on two properties of NAI. One is semantic: while sentences like 
everybody didn’t eat, with a sentence-initial subject, are ambiguous between a wide scope every 
(‘no one ate’) and a wide scope negation reading (‘not everybody ate’), NAI generates only the 
wide scope negation reading (Foreman, 1999). The other property is syntactic: NAIs are 
incompatible with certain subjects, including few (e.g. *didn’t few people eat). Native English 
speakers unfamiliar with NAI performed an interpretation task in which they had to select from 
two images depicting either a wide scope negation or a wide scope every interpretation of NAI 
sentences with every subjects (Fig. 1). The No Training Group (N=64) received only a pre-training 
and a post-training block, in which the NAI sentences were presented in semantically ambiguous 
contexts. The Training Group (N=72) received a training block mid-task, in which only the correct 
wide scope negation reading was possible based on the contexts provided. Following the 
interpretation task, a generalization task prompted participants to rate the naturalness of NAI 
sentences in wide scope negation and wide scope every contexts. Sentences containing 
acceptable many and unacceptable few subjects were also included, to test whether 
generalization extends to properties of NAI not previously encountered in the experiment. 

Interpretation Task Results. The No Training and Training groups had similar rates of 
wide scope negation responses in the pre-training block (Fig. 2). Even though only one group 
received training, both groups displayed a reliable increase in target-like responses in the post-
training block (Fig. 2). However, a marginal interaction between Group and Task Block suggests 
that training modulated post-training responses: Training group participants displayed greater 
improvement in the rate of wide scope negation responses post-training than their No Training 
counterparts. Generalization Task Results. Analyses of naturalness ratings revealed a marginal 
interaction between group and context type for the every subject items, with higher naturalness 
ratings for target-like wide scope negation contexts versus nontarget-like wide scope every 
contexts in the Training group only (Fig. 3). Both groups gave reliably higher ratings for many than 
for few sentences, with no independent effect of training (Fig. 3). 

Taken together, these results reveal a more complex picture of how and what people learn 
about novel syntactic structures than previous work suggests. Even a brief period of exposure to 
the novel NAI construction (i.e., the No training group) led to more consistent (and target-like) 
interpretations of this construction, akin to previous research demonstrating rapid adaptation, as 
measured via processing speed, to novel dialectal variants (e.g., Kaschak & Glenberg, 2004; 
Fraundorf & Jaeger, 2016). However, additional exposure to unambiguous input via an implicit 
training block that supported only the wide scope negation reading (i.e., the Training group), had 
a positive impact on both the post-training interpretation responses and participants’ ability to 
reliably distinguish target-like from nontarget-like contexts on the generalization task. Together, 
these results underscore that while some degree of learning can occur even via simple exposure 
to a novel dialectal variant, exposure to semantically unambiguous input that pushes participants 
to develop more target-like form-meaning connections may be necessary for fostering a deeper 
understanding of the linguistic constraints governing unfamiliar syntactic structures.  
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Figure 1. Sample Interpretation Task Item with Unambiguous Target Wide Scope Negation 
Reading (Training Block; presented to Training Group only; correct response: B) 

 

 
Figure 2. Wide Scope Negation Response Rates by Group in the Pre- and Post-Training Blocks 

 

 
Figure 3. Naturalness Ratings by Group for the NAI Items in the Generalization Task 



Disappearing causative overgeneralization errors across five languages: The role of 
semantics. 
Ramya Maitreyee & Ben Ambridge (University of Liverpool), Bhuvana Narasimhan (University of 

Colorado Boulder), Rukmini Nair (Indian Institute of Technology Delhi), Dipti Sharma 

(International Institute of Information Technology Hyderabad) & Soumitra Samanta (University 

of Liverpool) 

ramya.maitreyee@liverpool.ac.uk 

 

An important challenge in language acquisition research is understanding how children learn to 

avoid overgeneralization errors while maintaining productive use of grammatical constructions. 

Consistent with the CUNY 2019 theme of Variation, we investigated how learners of five 

languages (English, Hebrew, Hindi, Japanese and K’iche’ Mayan) accomplish this feat, 

focussing on the domain of causation. For example, English children must learn that while some 

verbs can appear in the transitive-causative construction (The man broke the vase), others 

cannot (*The clown laughed the man), and instead mark causation using the periphrastic-
causative construction with make (The clown made the man laugh). Many other languages 

similarly have two causative structures, which particular verbs prefer to a greater or lesser 

degree: (1) a more-transparent (morpho-syntactically regular) structure with an overt causative 

marker (e.g., English make; Hindi aa-; Japanese –ase, K’iche’ -isa-j, Hebrew hi’fil binyan), and 

(2) a less-transparent (morpho-syntactically irregular) structure that marks causation more 

idiosyncratically (e.g., English transitive causative; Hindi/Japanese/K’iche’/Hebrew morpho-

syntactically irregular causative verbs).  

How then do children learn which verbs are compatible with each of these causative types? The 

present pre-registered study tested the hypothesis that children use an observed correlation 

between verbs’ semantics and their distribution (Shibatani & Pardeshi, 2002): 

• Less-direct causation entails an event in which “both the causing and the caused event 

enjoy some degree of autonomy…The caused event… may have its own spatial and 

temporal profiles distinct from those of the causing event”, and hence requires more 
transparent causative marking (e.g., make/-aa/-ase/isa-j/hi’fil). 

• More-direct causation “entails a spatio-temporal overlap of the causer’s activity and the 

caused event, to the extent that the two relevant events are not clearly distinguishable”, 

and hence can be represented using less transparent causative marking (e.g., 

transitive/morpho-syntactically irregular causatives). 

For each language, 20 native speaking adults rated – for each of 60 caused events – the extent 

to which “B's ACTION/EVENT/CHANGE and A's causing of it are two separate events, that 

could happen at different times and/or in different points in space” OR “merge into a single 

event that happens at a single time and a single point in space”. For each language, adults 

(N=48) and children aged 5-6 (N=48) and 9-10 (N=48) completed a grammaticality judgment 

task rating, for each of 60 corresponding verbs, the acceptability of sentences containing more- 

and less-transparent causative forms on a child-friendly five-point scale. 

With 715/720 participants currently tested, preliminary analyses using mixed effects models 

(with verb and participant as random effects), showed that – with the exception of K’iche’ – 

within each language, the semantic event-merge measure was a significant predictor of 

participants’ relative preference for the less- over more-transparent causative form (see Figure 

1), for all age groups. Furthermore – again with the exception of K’iche’ – semantic ratings 

provided by speakers of one language predicted the by-verb grammaticality preferences shown 

by speakers of all other languages, suggesting a degree of universality in the extent to which 

particular actions/verbs prefer more- or less-transparent causative marking. These findings 

suggest that, at least from age 5-6, children are able to use the inherent semantics of a given 

action to determine which type of causative marking applies to individual verbs, and hence to 

avoid overgeneralization errors.  
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Figure 1. A significant relationship 

between the semantic event-merge 

measure and participant’s preference 

for the less over more transparent 

causative form (e.g., for The boy 
broke the truck vs ?The boy made 
the truck break) was observed for 

(from top, left-to-right), English, 

Hebrew, Hindi and Japanese, but not 

K’iche (bottom). These plots show 

adult data only, but – in each case – 

a similar pattern was observed for 

each of the child groups.  
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Individual variation in the interpretation of complex sentences 
Margreet Vogelzang & Esther Ruigendijk  
(University of Oldenburg & Cluster of Excellence "Hearing4all")  
margreet.vogelzang@uni-oldenburg.de 

 
It is well-known in cognitive-linguistic research that elderly people show difficulties with the 
processing of syntactically complex sentences (e.g., Emery, 1985; Zurif, Swinney, Prather, 
Wingfield, & Brownell, 1995). It is also known that cognitive factors such as working memory 
capacity and reading experience can mediate reading times on temporarily ambiguous sentences 
in elderly adults (Payne et al., 2014). Nevertheless, no consensus has been reached about which 
cognitive factors exactly influence complex sentence processing in elderly adults, and little is 
known about the potentially different influence of cognitive abilities on the processing of less vs. 
more complex sentences. We therefore ran a broad test battery to examine which cognitive 
abilities predict the interpretation and processing of complex sentences by elderly adults.  

We used an auditory sentence-processing paradigm followed by a picture-selection task with 
two pictures: one correct and one with thematic role-reversal. In German, structurally complex 
object-before-subject sentences can be formed. By manipulating subject-object order and adjunct 
position we created 4 sentence orders (see Table 1), with object-before-subject sentences 
expected to be more complex than subject-before-object sentences. In addition, cognitive tests 
tapping into simple working memory (backwards Digit_Span test), cognitive flexibility 
(Trail_Making test), vocabulary size (Vocabulary test), cognitive impairment (Montreal Cognitive 
Assessment; MoCA), and self-reported memory (Memory_Assessment Clinics Questionnaire) 
were used. Moreover, participants' Age and years of formal Education were recorded. 20 Elderly 
adults (age 51-70, mean age 60) with age-normal hearing were tested. 

Analysis of the correct responses per condition (Fig.1) with linear mixed-effects models 
showed lower performance on object-before-subject sentences (OVAS and AVOS) than on 
subject-before-object sentences (SVAO and AVSO; p < 0.001). On these more complex object-
before-subject sentences, participants show large individual variation (see Fig. 1). Separate 
correlation analyses showed main correlations of Digit_Span (p < 0.001), Trail_Making (p < 0.01), 
Vocabulary (p < 0.001), and Memory_Assessment (p < 0.01), but no correlations of MoCA, Age, 
and Education, with overall response accuracy. We found interactions between subject-object 
order and Digit_Span (p < 0.001), Trail_Making (p < 0.05), and Vocabulary (p < 0.001), indicating 
stronger correlations of these factors with the object-before-subject conditions.  

As scores on cognitive tasks are often intercorrelated, we additionally investigated which 
factors in combination, taking into account their intercorrelations, explain performance on 
complex sentences best. We performed a conditional inference tree analysis, which provides non-
parametric tree-based regression models to investigate which factors most strongly predict 
sentence comprehension scores; stronger predictors are higher up in the tree. The results (Fig. 
2) indicate that our complexity manipulation, subject-object order, is the strongest predictor, 
followed by Vocabulary size for more complex object-before-subject sentences. Additionally, 
Digit_Span, Trail_Making, and MoCA are significant predictors for performance on complex 
sentences (see p-values in Fig. 2), indicating that these factors explain different parts of the data. 

Concluding, our analyses identify several cognitive factors that can serve as predictors of the 
interpretation of complex object-before-subject sentences in elderly adults, which are largely 
different from the factors that predict the interpretation of simpler sentences. The study thus 
highlights the influence of individual differences in cognitive abilities on language 
processing, and emphasizes the need to consider not only working memory capacity, but also 
factors such as cognitive flexibility and vocabulary size when investigating complex sentence 
processing. The influence of vocabulary size is most striking, and could indicate that people with 
a broader and deeper vocabulary can access and process words more easily, thereby freeing up 
capacity for higher-level processing. 
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Subject-object 
order 

Adjunct 
position 

Condition Example sentence 

sub-before-obj 3 SVAO Der Igel berührt am Montag den Hasen 

obj-before-sub 3 OVAS Den Hasen berührt am Montag der Igel 

sub-before-obj 1 AVSO Am Montag berührt der Igel den Hasen  

obj-before-sub 1 AVOS Am Montag berührt den Hasen der Igel 

   On Monday theNOM hedgehog touches theACC hare 
  

Table 1. Examples of the four experimental conditions. Note that although the conditions use 
different word orders, their meaning remains the same. 

 
Figure 1. Percentages of correct responses and distribution of these responses on the picture-
selection task per condition. Each dot indicates the mean score of a participant on a condition. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Conditional inference tree showing which of the tested predictors (Subject-object 
order, Adjunct position, Digit_Span, Trail_Making, Vocabulary, MoCA, Memory_Assessment, 

Age, and Education) are the best predictors of response accuracy (n = number of trials). 
 
References Emery, O. B. (1985). Language and aging. Experimental Aging Research, 11(1), 3–60. | Payne, B. R., Grison, S., Gao, 
X., Christianson, K., Morrow, D. G., & Stine-Morrow, E. A. L. (2014). Aging and individual differences in binding during sentence 
understanding: evidence from temporary and global syntactic attachment ambiguities. Cognition, 130(2), 157–73. | Zurif, E., Swinney, 
D., Prather, P., Wingfield, A., & Brownell, H. (1995). The allocation of memory resources during sentence comprehension: Evidence 
from the elderly. Journal of Psycholinguistic Research, 24(3), 165–182. 
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NPI Illusions are a problem of quantification
Wesley Orth, Masaya Yoshida and Shayne Sloggett (Nothwestern University)
worth@u.northwestern.edu

Much recent work has investigated the extent to which negative polarity items (NPIs) are suscep-
tible to illusions of grammaticality [1–4]. NPIs are lexical items (e.g. “ever”, “any”) which are only
grammatically licensed when c-commanded by a negative element [5], as seen in the contrast between
(1a) and (1b). However, studies frequently find that comprehenders fail to notice the ungrammaticality
of sentences like (1c), where a negative element (“no”) does not c-command the NPI (“ever”). This
grammaticality illusion has led some researchers [2, 4, i.a.] to suggest that NPIs engage a cue-based
retrieval mechanism [6, i.a.] to identify their licensors: In (1c), the non-commanding negative quantifier
“no” may be accidentally re-accessed because it partially matches the retrieval cues engaged by “ever”,
thereby spuriously licensing the NPI and giving rise to the illusion of grammaticality.

(1) a. No hunter who the fisherman believed to be trustworthy will ever shoot a bear.
b. ∗ The hunter who the fisherman believed to be trustworthy will ever shoot a bear.
c. ? The hunter who no fisherman believed to be trustworthy will ever shoot a bear.

Recent work has shown that NPI illusions are surprisingly fragile: Not all NPIs are illusorily licensed [3]
and some licensors may not always spuriously license NPIs [4,7]. Against this background, the present
study aims to show that only quantificational negation (e.g., [no fisherman]NP) produces NPI illusions.

Three speeded acceptability judgement studies were conducted to examine the ability of various
negative elements embedded in relative clauses to spuriously license NPIs, as shown in (2). We tested
sentences containing “didn’t” (expt1), “did not” (expt2), and “never” (expt3) replicating and extending
the result of [7]. These were compared to a grammatical baseline with a c-commanding negative element,
as in (1a), an ungrammatical baseline with no negative element, as in (1b), and the attested illusion
structure in (1c). If the presence of a negative feature is all that is necessary to spuriously license an
NPI, we would expect these other licensors to behave similarly to the negative quantifier in (1c).

(2) The hunter who the fisherman
! didn’t believe

did not believe
never believed

"
to be trustworthy will ever shoot a bear.

Panels 1-3 of Figure 1 show that, unlike relative clauses with a negatively quantified subject, relative
clauses containing the negative licensors “didn’t”, “did not”, and “never” did not result in illusions of
grammaticality: Participants judged the relative-subject-no condition to be acceptable more often than
the ungrammatical baseline, but this difference was not observed for “didn’t”, “did not”, or “never”. In
a followup experiment, we also investigated the influence of NPI licensing verbs like as “doubt” which
putatively lack a negative feature and found no evidence of an illusion (expt4).

One readily apparent difference between the attested illusion and the other negative licensors tested
was their relative structural height. In our studies, “no” was located in subject position, which was higher
in the relative clause structure than the other negative elements. To examine whether these effects were
attributable to depth of embedding, we conducted a fourth experiment testing the quantifier "no" in the
object position of the relative clause, as in (3), again using the same three baselines in (1) (expt5). In
a final experiment, we investigated the decomposed negative quantifier “not a single” in both subject,
and object position (expt6).

(3) The hunter who believed
#

no
not a single

$
fisherman to be trustworthy will ever shoot a bear.

As shown in panels 5 and 6 of Figure 1, we observed a grammaticality illusion for negative quantifiers in
both the relative clause subject, and relative clause object position, and statistical modeling showed no
evidence of a difference between these conditions (β̂=-0.04, p=0.47). Taken together with the results of
Experiments 1-3, these results suggest that quantification plays a unique role in creating NPI illusions.

In summary, we show that NPI illusions are relegated to highly circumscribed situations which are
not easily explained in a system which simply attempts to retrieve a negative element. Instead, we
suggest that these effects are related to the special status of negative quantifiers and may be related to
the difficulty of representing scope in real-time processing.
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Figure 1: Mean by-subject proportion grammatical responses in Experiments 1-6. Error bars represent
standard error.
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Table 1: Fixed effect β̂ and p-values for logistic regression models fit to proportion “ungrammatical”
responses in each experiment 1-5. Each model helmert coded “conditon” as a fixed effect (Grammatical-
ity: grammatical=1, ungrammatical/illusionA/illusionB=-0.33; Illusion: grammatical=0, ungrammati-
cal=1, illusionA/illusionB=-0.5; Licensor: grammatical/ungrammatical=0, illusionA=1, illusionB=-1),
and random slopes/intercepts by subject and item.

Expt 1 Expt 2 Expt 3 Expt 4 Expt 5
Fixed Effects β̂ p β̂ p β̂ p β̂ p β̂ p

Grammaticality 1.78 <.001 0.95 <.001 1.64 0.44 <.001 <.001 0.98 <.001
Illusion 0.23 <.05 0.32 <.05 0.23 0.12 0.21 <.05 0.70 <.001

Licensor 0.30 <.001 0.36 <.001 0.21 <.06 0.19 <.05 -0.05 0.47
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Incremental Generation Drives “Efficient” Language Production 
Spencer Caplan (University of Pennsylvania) 

spcaplan@sas.upenn.edu 
 

A major testing ground for mechanistic accounts of language production (De Smedt, 1990) is 
the study of “syntactic optionality”; i.e. given multiple potential syntactic encodings for 
equivalent semantic sentences, what factors govern the use of one form rather than another 
(Ferreira and Dell, 2000). 
A prominent previous account, the “Uniform Information Density” hypothesis (UID) (Jaeger, 
2010), proposes that such syntactic optionality is driven by a speaker’s implicit managing of 
computable information content to maximize communicative efficiency. On this model, 
conditional probability serves as a proxy for optimized information content. Previous corpus 
modeling of optional ‘that’-omission has supported UID (Jaeger, 2010). However, such 
evidence is potentially problematic. In addition to syntactic confounds (Grimshaw 2009), 
rates of ‘that’-omission show a great deal of variability by genre, ranging from 1% in formal 
writing to 85% in conversational speech (Biber 1999). With so much variance attributable to 
sociolinguistic register, it is not clear what we might learn about the cognitive architecture of 
the production system. 
We propose the English verb-particle (VP) construction (e.g. ‘John picked up the book’ vs. 
‘John picked the book up’) as a better case to evaluate theories of optionality. We extracted 
a large database of VP alternations from COCA, a balanced corpus of modern English 
(Davies, 2009). From these we can compare a UID account with the general framework of 
incremental generation (IG) (Bock and Levelt, 2002). Under IG, the architecture of sentence 
generation requires several components: retrieve lemmas from memory, assign such 
elements their proper functional roles, as well as assign linear order in adherence with 
syntactic restrictions. If we assume such modules operate incrementally and in parallel, then 
variations in the order in which information is delivered from one component to the next can 
readily affect the linear order elements appear in speech. So long as the system does not 
intentionally hold retrieved lemmas back in a buffer, any factors which speed up lexical 
access will also be proxies for spoken linear order (see Rayner, 1998 for a review of lexical 
access factors). While both UID and IG make convergent predictions regarding conditional 
probability, only IG predicts that the factors of frequency, definiteness, and constituent 
length, etc. should all predict linear order in optional constructions. This is because such 
factors correlate with lexical retrieval times yet are orthogonal to “information density”. 
Following Jaeger’s original study, a multilevel logit model was used to evaluate predictions of 
an IG account of sentence production compared with UID. The dependent variable was the 
binary outcome of linear order (particle-first rather than object-first) in VP sentences. 
Evaluating over the entire database, we see a strong correlation between all IG related 
factors and output order (Blue in Table). This includes the effect of conditional probability 
posited by both UID and IG. However, when limited to evaluation over even moderately long 
objects (at least four words), then the predictions of UID are not borne out while the other 
instantiations of IG remain significant (Green in Table). To whatever degree we can 
characterize the output of the language production system as “efficient” in information 
ordering, this is an emergent property of a simple, incremental generation system. 

 All VPs (58,619 cases) Longer object VPs (5,679 cases) 
Factor Estimate Std. Err Z-Value P Estimate Std. Err Z-Value P 

Freq(obj) -282.8 38.12 -7.42 ~0 -502 77.9 -2.84 0.01 
Info(obj|verb) 0.039 0.01 8.6 ~0 0.02 0.03 0.69 0.49 

NP-length 1.0 0.03 40.37 ~0 0.63 0.12 5.18 ~0 
Definite-Obj -0.59 0.02 -26.9 ~0 -1.13 0.15 -7.33 ~0 
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A causal influence of domain-general cognitive control on sentence comprehension 
Nina Hsu, Stefanie E. Kuchinsky, & Jared Novick (University of Maryland) 
ninahsu@umd.edu 

Real-time language processing often generates conflict between incompatible 
representations of sentence meaning. For example, when listeners confront temporary 
ambiguity, they commit to an interpretation using reliable evidential cues from the input and 
context that guide comprehension; but sometimes listeners must adjust processing when other 
cues suggest an alternative analysis. We test how such conflict is resolved to define the 
mechanisms that enable listeners to regulate interpretations, by examining whether 
manipulating cognitive-control engagement affects eye-movement indicators of comprehension. 
We hypothesized that the up-regulation of cognitive-control procedures – which help resolve 
conflict by biasing processing toward task-relevant information – adapt listeners’ parsing 
strategies when competing cues to interpretation unfold in time. Alternatively, increasing 
focused attention to collect information on a difficult task should have limited effect when re-
characterizing a sentence interpretation. We studied ambiguous “Put” sentences (e.g., “Put the 
horse on the binder onto the scarf”), where “on the binder” is initially misinterpreted as a Goal 
until “onto the scarf” signals the need to revise.  

In E1 (N=26), we pseudorandomly interleaved nonverbal Flanker items (conflict resulting 
from incongruency of arrow directions vs. no-conflict for congruent arrow directions) on trial n-1 
with “Put” sentences (Ambig vs. Unambig, Fig. 1A). Flanker-arrow congruency was varied to 
determine if cognitive-control engagement sustained to influence successful revision via correct-
goal looks (e.g., scarf) after disambiguation (“onto the scarf…”). Using mixed-effects regression 
models, we observed a Current x Previous Trial-Type interaction (F2=3.8, p=.05): Listeners 
made more correct-goal looks during Ambig sentences after Conflict vs. No-Conflict Flankers 
(p=.005, Fig. 2A), with no effect on Unambig sentences (p=.71). This replicates an earlier study 
[1] that manipulated Stroop conflict to engage cognitive control and suggests that more general, 
non-verbal mechanisms can impact syntactic revision. As further evidence of domain-generality, 
we manipulated perceptual difficulty in E2 (N=26) to induce response conflict on trial n-1: Visual 
degradation of congruent Flanker-arrows created directional ambiguity (left or right; Fig. 1B). 
This may recruit domain-general conflict-resolution mechanisms [2] to resolve uncertainty about 
arrow direction that also assist sentence parsing. Replicating E1, after resolving perceptual 
conflict (vs. no-conflict) there were more correct-goal looks (p=.002) during Ambig (but not 
Unambig; p=.30) sentences following disambiguation (interaction: F2=5.6, p=.02, Fig. 2B), 
suggesting causal effects of general-purpose cognitive control on syntactic revision.  

E3 (N=26) tested an alternative interpretation that these effects arose from “paying more 
attention” to sentences after a harder task, rather than engaging conflict-control mechanisms 
per se, by manipulating perceptual difficulty (but not conflict) on trial n-1. We retained the visual 
degradation, but arrows faced right or up, thus providing a horizontal/vertical orientation cue that 
disambiguated arrow direction despite perceptual difficulty (Fig. 1C). Degradation resulted in 
longer response times (p<.01), but the increased difficulty did not affect subsequent correct-goal 
looks (interaction: F2=1.9, p=.17, Fig. 2C). Comparing E2 and E3 between subjects suggests 
that greater attention by itself in hard conditions may not bias parsing enough to keep 
comprehension on track. In further support of this, E4 (N=26) manipulated both perceptual 
conflict (from E2) and difficulty (from E3) on trial n-1 within subjects. Preliminary results suggest 
more looks to correct goals after perceptual conflict than difficulty. Thus, fluctuations in cognitive 
control within listeners may impact revision strategies more than attention alone.  

These findings begin to define the cognitive mechanisms involved during syntactic 
“reanalysis”: Cognitive-control engagement, but not simply attending to input, yields causal 
impact on the ability to regulate interpretations, informing a framework that clarifies a mental 
architecture in which domain-general cognitive procedures assist language processing. 
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References: [1] Hsu, N & Novick, JM (2016). Psych Science, 27, 572-582. [2] van de 
Meerendonk, N., Rueschemeyer, SA, & Kolk, HHJ. (2013). Brain and Lang, 126(3), 291–301. 
 

 
 
 
 
 
 
 
 

Figure 2.  
(A) Subjects looked more to the 
correct goal when ambiguous 
sentences were preceded by 
Flanker-conflict vs. no-conflict trials. 
(B) This finding replicated for 
perceptually ambiguous arrow stimuli 
preceding ambiguous sentences, but 
(C) not when perceptually difficult 
arrow stimuli preceded ambiguous 
sentences. Effects were selective to 
ambiguous sentences. Proportion of 
looks calculated from correct goal 
offset plus 800 ms (window chosen 
based on informal inspection of 
correct-goal looks, irrespective of 
previous trial type). #: p < .1; *: p < 
.05. 
 

Figure 1. (A) Flanker items preceded 
unambiguous or ambiguous sentences. Subjects 
identified the direction of the middle-facing arrow. 
Then, visual scenes contained a target, an 
incorrect goal, a correct goal, and a competitor. 
Arrow stimuli for Trial n-1 for (B) E2 and (C) E3. 
Subjects always indicated all arrows’ direction. E4 
combined stimuli from E2 & E3 within-subjects. 
Note: Across all experiments, previous trial 
manipulations of conflict or difficulty were reliable 
(ps<.05). 
 
 



What dependencies can we [[interpret the semantics] and [construct __ ]] ? 
Peter O’Neill and Dustin A. Chacón (University of Minnesota) | oneil529@umn.edu  

In processing filler-gap dependencies (FGDs), comprehenders actively seek gaps in 
accordance with grammatical constraints [1–3]. Typically, conjoined phrases are considered 
‘islands’, or constructions that FGDs may not cross into [4]. However, FGDs can be actively 
constructed in conjunct phrases in some cases. For instance, comprehenders actively construct 
FGDs in ‘across-the-board movement’ configurations [5,6]. Similarly, [7] found that processing 
FGDs resolving in a second conjunct is easier if the first conjunct was headed by the verb go, 
e.g., what did you [go to the store] and [buy __ ]?. Such constructions are argued to show that 
the island status of conjuncts are variable and sensitive to semantic factors [8,9]. For instance, if 
the event described by the first conjunct naturally results in the event described by the second 
conjunct, then a FGD that crosses into the second conjunct is acceptable [8]. 

We investigated the role that semantic factors play in licensing a FGD that crosses into a 
conjunct. Instead of go and VP-type configurations, which may be ‘pseudo-coordination’ [7], we 
focused on the effect of plausible event ordering. [10] showed that comprehenders selectively 
interpreted FGDs in adjunct clauses depending on the semantics of the sentence, suggesting 
that we may observe a similar profile in conjuncts as they did adjuncts. 

In the critical conditions, we manipulated whether the event described by the first 
conjunct naturally results in the event of the second conjunct. A judgment study showed that 
participants preferred items in which the conjuncts formed a natural series of events. In a self-
paced reading study, we found no effect of the first conjunct on the processing of the gap 
contained in the second conjunct. This suggests the semantic relation between two conjuncts 
does not affect whether a FGD can cross into the second conjunct in active processing. 
 
(1) ±Plausible, ±Extractable 

John wondered {which friend/pizza} his daughter [{picked/hung} up the phone] and  
    [ordered __ … ] 
 
Experiment 1 was an acceptability judgment task, in which participants judged 

sentences on a scale from 1 to 7 (N = 24; 40 items; 60 fillers). Every target sentence contained 
an FGD that resolved in the second conjunct of a conjoined VP. We manipulated whether the 
event described by the first conjunct was a natural lead-in to the event described by the second 
conjunct (±Extractability), and whether the FGD was a plausible argument for the verb in the 
second conjunct, (1). No first conjunct contained a VP headed by go, to avoid pseudo-
coordinations, as investigated by [7]. Mixed effects models fit with rating as dependent variable 
and maximal random effects structure [11] revealed a marginal main effect of ±Extractability (β 
= 0.26±0.14, t = 1.8, p = 0.07), a main effect of ±Plausibility (β = 0.46±0.14, t = 3.3, p < 0.01), 
and an interaction effect (β = 0.39±0.20, t = 2.0, p < 0.05). 

Experiment 2 was a self-paced reading task (N = 48, 40 items; 72 fillers) that used the 
materials from Experiment 1. Experiment 2 used the plausibility mismatch paradigm [2]. We 
predicted that reading times would increase in the second conjunct if comprehenders attempted 
to interpret the FGD as resolving in this structure. If the plausibility mismatch effect was only 
observed in the comparison between +Extractable, +Plausible and +Extractable, –Plausible 
conditions, this would demonstrate that the semantics of the first conjunct affected the 
processing of the FGD. We conducted mixed effects models on the first conjunct 
(chatted/picked up the phone) and second conjunct (ordered last night), with the log residual 
reading times as the dependent variable [12]. There were no main effects or interaction effects 
in either region (all ps > 0.05), and pairwise comparisons of +Plausible and –Plausible within 
both levels of ±Extractable were not significant. Thus, we find no evidence that active gap 
formation in conjuncts is affected by the semantics of the conjunction, in contrast to pseudo-
coordination cases [7] and to parallel semantic effects in adjuncts [10]. 
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Figure 1. Mean acceptability judgments by condition in Experiment 1. 

 
 

 
Figure 2. Mean reading times by region and condition in Experiment 2. 
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The psychological reality of Construction Grammar: A Visual World eye-tracking study 
investigating the semantic processing of argument structure 

Simon Kirsch & Lars Konieczny (University of Freiburg) 
kirsch.simon89@web.de 

We will present a Visual World eye-tracking study investigating how argument structure 
knowledge is put to use in on-line comprehension. 

In Construction Grammar, argument structures are considered autonomous constructions, i.e. 
form-meaning pairings, independent of their lexical content [1]. Earlier research has shown that 
argument structure is a valid factor in a variety of off-line interpretation tasks [2,3]. However, it 
remains unclear whether argument structure constructions were only effective in meta-linguistic 
reasoning, or whether they play a vital role in on-line sentence comprehension.  

We invented 20 verbs derived from German nouns (e.g. “korben”, engl: “to basket”), which do 
not have any systematic dependencies on specific constructions, along the lines of [2]. Each of 
these verbs was embedded in a resultative (1) and a caused-motion sentence (2).  

(1) Petra korbt einen Schneemann kaputt.  
Petra baskets a snowman apart. 

(2) Petra korbt Weintrauben in die Wanne. 
Petra baskets grapes into the tank. 

40 participants heard one sentence type per verb, while looking at visual stimuli comprised of 
three scenes, depicting i. a resultative event, ii. a caused-motion event and iii. an unrelated 
distractor event. Additionally, we varied whether the matching scenes depicted the exact 
content of the spoken sentence arguments (e.g. snowman or grapes), or just events that where 
compatible with the sentence’s construction type but with no overlap in lexical content, e.g. 
someone tearing a sheet of paper to pieces (resultative), or someone shoving a ladder through 
a window (caused-motion). After each trial participants were asked to choose the picture most 
closely resembling the meaning of the sentence. We hypothesized that if argument structure 
knowledge is used during sentence comprehension to construct sentence meaning, participants 
attention should be attracted by pictures illustrating a possible instance of the construction’s 
abstract meaning (resultative vs. caused motion). 

We found reliably more looks to the compatible scenes than to incompatible scenes for both 
construction types in a time window of 500 to 2000 msec after the onset of the disambiguating 
sentence segment (e.g. apart or into the tank) in trials with construction depictions lacking 
lexical overlap (see figure 2). A linear mixed effects model analysis of the correctly identified 
constructionally compatible pictures revealed significant positive interaction effects of the 
sentences’ construction type and the corresponding compatible visual scene on looking 
proportions (empirical logits) in a time window of 500 to 1000ms to the different interest areas 
(p-values < 0.001). This result suggests that abstract (i.e. de-lexicalized) construction 
knowledge is applied in sentence processing at an early stage of comprehension, further 
supporting the assumption that abstract construction knowledge plays a vital role in sentence 
comprehension. 
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Figure 2. Empirical logits of fixations to the three interest areas as a function of time, and the argument structure of 
the presented sentence. 
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Figure 1. Visual World Example. 



 

 

Reward'based*decision'making*during*reading*for*speed*versus*for*accuracy*
Readers'make'decisions'about'how'fast'or'how'accurately'they'read'a'given'text.'

Reinforcement'learning'characterizes'these'decisions'as'originating'from'either'a'model;free'
learning'system'that'repeats'previously'rewarded'actions,'or'from'a'model;based'system'that'
anticipates'future'consequences'for'making'decisions.'Task'context'is'known'to'affect'eye;
movements'during'reading'[1,2].'However,'it'is'unclear'how'decisions'about'gaze'control'are'
based'on'explicit'valuation'of'speed'versus'accuracy,'and'how'learning'occurs'to'optimize'
outcomes.'To'investigate'these'questions,'we'created'two'reward'conditions'where'readers'
received'monetary'reward'either'for'reading'fast,'or'for'answering'comprehension'questions'
correctly.'We'were'interested'in'how'readers'adapt'their'eye;movements'to'achieve'these'goals.'
Accurate'reading'has'previously'been'closely'linked'to'regressive'eye;movements,'in'
experimental'investigations'[3,4,5]'and'in'rational'models'of'reading'[6].'We'expected'that'when'
speed'is'rewarded'over'accuracy,'readers'would'reduce'regression'rates.'

Methods:'12'subjects'each'read'24'paragraphs'of'natural'texts'(taken'from'German'
novels)'and'answered'eight'comprehension'questions'about'each'paragraph.'We'recorded'eye;
movements'during'reading'using'an'EyeLink'1000'eye;tracker.'We'used'monetary'reward'to'
reinforce'high'reading'speed'and'correct'answers'to'questions'about'the'text.'Reward'condition'
was'manipulated'within'subjects:'reading'speed'yielded'higher'rewards'in'12'paragraphs,'and'
correct'responses'to'comprehension'questions'yielded'higher'rewards'in'another'12'
paragraphs.'We'provided'instructions'before'each'paragraph'about'whether'speed'or'accuracy'
would'be'more'rewarded.'

Results:'We'found'that,'as'expected,'when'speed'was'rewarded'participants'read'faster'
(b'='167'wpm,'95%'confidence'intervals,'CI'='[94'240],'p'<'.001)'and'answered'less'questions'
correctly'(b'='17%,'CI'='[13'21],'p'<'.001)'compared'to'when'accuracy'was'rewarded.'In'the'
speed'condition,'the'number'of'reward'points'won'for'each'paragraph'increased'across'trials,'
indicating'learning'from'reward'feedback'(p'<'.001).'In'the'accuracy'condition,'the'number'of'
gained'reward'points'per'paragraph'was'already'high'in'initial'trials,'and'there'was'no'evidence'
for'a'further'increase'across'trials'(p'='.199).'Readers'adapted'eye;movements'to'achieve'high'
speed'versus'accuracy'(Fig.'1).'Participants'read'fast'by'skipping'words'(32%'vs.'49%\'p'<'
.001)'and'by'avoiding'repeated'fixations'on'already'fixated'words'(total'reading'time:'295'ms'vs.'
227'ms\'p'<'.001),'in'particular'on'words'with'low'frequency'and'high'length'(interaction'word'
length'x'word'frequency'x'reward'condition:'p'<'.001).'Participants'also'achieved'high'speed'by'
making'shorter'first'fixations'(200'ms'vs.'184'ms\'p'<'.001)'and'less'regressive'(leftward'
directed)'eye;movements'(accuracy:'17%\'speed:'14%,'p'<'.001).'Interestingly,'the'effect'size'
for'regressions'was'very'small'(3'percentage'points'difference).'The'reward'condition'influenced'
reading'behavior'already'in'the'very'first'trial'(p;values'<'.05\'regressions:'p'='.062),'before'any'
experience;based'learning.'The'effect'of'reward'condition'further'increased'across'trials'for'
skipping'(b'='0.2,'p'<'.001),'saccade'length'(b'='0.17,'p'='.028),'and'first'fixation'durations'(b'='
0.8,'p'='.007),'but'not'for'regression'probability'(b'='0.07,'p'='.155).'Moreover,'in'the'speed'
condition'all'eye;movement'measures'were'related'to'reward'outcomes'(p;values'<'.001\'Fig.'
2),'except'for'regressive'eye;movements,'which'were'not'related'to'obtained'reward'(p'='.865).'

Conclusion:'These'results'suggest'that'when'reading'natural'texts'for'speed,'readers'
only'slightly'reduce'regressive'eye;movements.'This'is'in'line'with'the'SWIFT'model'of'eye;
movement'control'[7],'where'regressive'eye;movements'are'triggered'by'low;level'incomplete'
lexical'processing'[4].'Alternatively,'regressions'may'be'crucial'even'during'fast'reading'to'
ensure'at'least'minimal'comprehension'[5].'The'results'demonstrate'that'a'model;based'
decision;system'based'on'instructions'can'immediately'adapt'gaze'control'before'the'model;free'
system'can'learn'from'experience.'Reward;based'decision'making'may'provide'a'paradigm'to'
dissect'and'test'rational'decision'mechanisms'underlying'eye;movements'during'reading.'
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Figure'1.'Changes'over'trials'in'global'measures'of'gaze'for'conditions'of'reward'for'accuracy'
(red'solid'lines)'versus'for'speed'(green'dashed'lines).'

'
Figure'2.'Number'of'reward'points'won'as'a'function'of'global'eye;movement'measures'for'
conditions'of'reward'for'accuracy'(red'solid'line)'versus'for'speed'(green'dashed'line). 



Syntactic prediction without lexical activation:  Evidence from both (of the)…and 
Kelly-Ann Blake (University of Toronto), Frederick Gietz (University of Toronto), 

Margaret Grant (Humboldt University of Berlin) kellyann.blake@mail.utoronto.ca 
The role of prediction in language comprehension has been a topic of intense debate in 
psycholinguistic research (e.g., DeLong et al., 2005; Nieuwland et al., 2018). While much of this 
literature has focused on the prediction of a specific lexical item based on Cloze probability, 
evidence for prediction at the level of sentence structure has also been demonstrated.  For 
example, Staub & Clifton (2006) show that the presence of either facilitates the reading of an 
upcoming disjunction or, and further that readers predict the size of the constituent following the 
disjunction (Clause or NP) based on the preceding sentence material.  Blake et al. (CUNY, 2016) 
present some evidence, however, that the facilitation associated with either may not be entirely 
due to syntactic prediction. In their experiment, early eye movement measures showed that a 
disjunction preceded by a so-called non-participating either (in a partitive construction, e.g., either 
of the landscapers…) patterned with the condition in which either did syntactically predict or. This 
suggests that part of the facilitation of the disjunction could be simply due to an association 
between the word either and the disjunction.  

Here, we examine a case in which facilitation of a coordination structure may be 
syntactically predicted, but is unlikely to be affected by mere association between two elements, 
namely both and and. These elements can be involved in the same coordination structure (e.g., 
Both Amy and Marie went to the store) but are less associated than either and or. In a search of 
the Corpus of Contemporary American English, for example, 3.1% of occurrences of or were 
preceded within 2-9 words by either, while 1.3% of occurrences of and were preceded by both. 
Design. Four experimental conditions were tested (see 1a-d). In one condition (a), the 
coordination could be predicted syntactically via a preceding use of both. In another (b), both was 
present but in a partitive structure, and therefore did not participate in the coordination structure. 
Corresponding conditions without both were also tested as controls (c-d). 
1. The children/ watched/… 

a. both the clown/…       participating both 
b. both of the clowns/…     non-participating both 
c. the clown/…      definite, no both 
d. one of the clowns/…     partitive, no both 

… juggling/ colourful/ objects/ and the dancers/ who were twirling/ shiny batons./ 
Method. We measured the eye movements of participants during the reading of sentences as 
shown in (1). Each trial consisted of one sentence followed by one comprehension question.  
Twenty-four items were presented and two were excluded due to programming error. Participants 
were native English-speaking members of the University of Toronto community.   
Results (n=36).  First fixation times (FFT) and first past times (FPT) for the critical region (e.g., 
and the dancers) are shown in the table. Following the removal of outliers, a mixed-effects linear 
regression model with Helmert coded fixed effects revealed an FFT difference between conditions 
(a) and (b-d) (t = -2.652, p = 0.013), and between conditions (b) and (c-d) (t = 2.137, p = 0.040), 
indicating that participating both and non-participating both had a contrasting influence on initial 
processing. A difference in FPT was found between conditions (a) and (b-d) (t = -2.096, p = 0.042), 
suggesting that the early effect of the participating both was more robust than the effect of non-
participating both.  Conclusions. The results are consistent with the hypothesis that the presence 
of the participating both facilitates an expected conjunction later in the sentence, and non-
participating both does not. Further, we did not find a late penalty for the non-participating both 
condition like that found by Blake et al. (2016) for either. Given both the corpus data and the 
reading times of the current study, we interpret the results as reflecting the weaker association 
between both and and as compared to either and or. Although we find some evidence that the 
presence of participating both leads readers to predict an upcoming and, the mere presence of 
the word both is not enough to facilitate a subsequent coordination. 
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Table: Mean first fixation times, first past times, and total times (SD), critical coordination region. 
 

Structure FFT FPT TT 
both the clown… 238 (61) 477 (169) 711 (339) 
both of the clowns… 277 (61) 530 (149) 707 (265) 
the clown… 251 (44) 501 (135) 749 (290) 
one of the clowns… 253 (53) 511 (164) 782 (316) 

 
 
 
 
References: 
 
DeLong, K. A., Urbach, T. P., & Kutas, M. (2005). Probabilistic word pre-activation during 
language comprehension inferred from electrical brain activity. Nature neuroscience, 8(8), 1117-
1121. 
 
Nieuwland, M. S., et al. (2018). Large-scale replication study reveals a limit on probabilistic 
prediction in language comprehension. eLife, 7, e33468. 
Staub, A., & Clifton Jr, C. (2006). Syntactic prediction in language comprehension: Evidence 
from either... or. Journal of experimental psychology: Learning, memory, and cognition, 32(2), 
425-436. 
 
 
  
 
 
   
 
 
 
 
 
 
 



Predicting form during sentence processing: Investigating lexically-based processes 
Anuenue Kukona & Aaliyah Summerfield (De Montfort University) 
anuenue.baker-kukona@dmu.ac.uk 
 

Prediction is a topic of considerable interest in psycholinguistics, backed by a compelling 
body of empirical research. However, evidence that comprehenders pre-activate form during 
sentence processing (e.g., phonology/orthography), as predicted by a variety of approaches 
(e.g., Pickering & Gambi, 2018), is surprisingly mixed (e.g., De Long et al., 2005; Nieuwland et 
al., 2018). The current research explored the role of basic lexical processes in activating form 
(e.g., spreading activation within the lexicon; Collins & Loftus, 1975). 

Recently, Ito et al. (2018) observed more looks to a clown (phonological competitor) than 
globe (unrelated distracted) when comprehenders heard “The tourists expected rain when the 
sun went behind the...”, suggesting pre-activation of “cloud”. An unexplored aspect of this 
research concerns lexical association: while “cloud” was a high cloze probability completion of 
the context, it was also highly related to a specific word in the context (e.g., “rain”). In this 
regard, these findings could be interpreted as reflecting spreading lexical activation between 
“rain” and “cloud” and “clown”, spanning both semantics and form. Experiment 1 aimed to 
partially replicate Ito et al.; Experiment 2 aimed to isolate the underlying lexical effects. 

Experiment 1. Based on Ito et al., participants (N = 24) heard 16 high cloze probability 
sentences like “The tourists expected rain when the sun went behind the cloud” while viewing 
visual arrays with a cloud (target), clown (phonological competitor), bear and globe (unrelated 
distractors). In contrast to Ito et al., visual stimuli were presented beginning 500 ms before 
auditory stimuli and critical targets, competitors and distractions were all included in the same 
array. While targets were fixated most, growth curve analysis also revealed significantly more 
“predictive” looks to competitors (M = 0.13; SD = 0.06) than distractors (M = 0.11; SD = 0.06) 
during the time window spanning sentence onset to (mean) target word onset (Intercept: Est. = -
0.02; SE = 0.01; t = -2.32, p < .05), consistent with Ito et al. 

Experiment 2. For each sentence context in E1, the most highly target-related noun was 
identified based on LSA (e.g., cloud-rain; cosine M = 0.38, SD = 0.22). Participants (N = 26) 
heard the target (“cloud”) or target-related (“rain”) word (i.e., in isolation) while viewing visual 
arrays that were identical to Experiment 1. While targets were again fixated most with target-
related words, growth curve analysis also revealed significantly more looks to competitors (M = 
0.08; SD = 0.04) than distractors (M = 0.06; SD = 0.03) during the time window spanning word 
onset to (mean) trial offset (Intercept: Est. = -0.02; SE = 0.01; t = -3.12, p < .01). 

Discussion. In both Ito et al.’s constraining sentence context (E1) and isolation (E2), 
comprehenders looked significantly more to a clown (phonological competitor of “cloud”) than 
globe (unrelated distractor) when hearing “rain”. E2 reveals the extent to which activation 
spreads within the lexicon, spanning both semantics and form during isolated lexical processing. 
Minimally, these results highlight a critical confound in studying pre-activation (i.e., cloze 
probability vs. lexical association), requiring careful control. Moreover, while the results of E1 
and E2 could have different causes, they are also preliminarily consistent with a simple unified 
explanation: the pre-activation of form during sentence processing could depend on basic 
spreading activation within the lexicon, without requiring the involvement of predictive sentence 
processing mechanisms. 
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ERP evidence of object agreement attraction in comprehension 
Robin Schäfer, Sol Lago & Titus von der Malsburg (University of Potsdam) 

rschaefer@uni-potsdam.de 

The efficient processing of subject-verb agreement is key for language comprehension. But            
comprehenders can make errors: for example, in sentences like The chemist with the test tubes               
*ARE conducting an experiment, the ungrammatical verb elicits reduced processing difficulty           
when there is an intervening plural prepositional phrase (PP), consistent with a partial failure to               
detect the agreement violation [1,2]. This processing facilitation, compared to a sentence with a              
singular PP, is called agreement attraction . However, most comprehension work to date has             
focused on attraction from PP constructions, which are non-obligatory sentence constituents. By            
contrast, it is unclear whether attraction is also elicited by obligatory sentence constituents, such              
as argument direct objects (DO) in simple transitive sentences [3]. Since verbs have a close               
syntactic relationship with object arguments, their processing may be particularly robust and            
thus immune to attraction errors. Attraction from DO arguments is therefore an important test              
case for the generality of attraction effects in comprehension. This study used event-related             
potentials (ERP) to examine whether object arguments elicit attraction. If so, we predicted that              
attraction should modulate the P600 amplitude to ungrammatical verbs, with sentences with            
plural DOs eliciting reduced P600 amplitudes compared to sentences with singular DOs [2,3]. 
Methods and results: Materials consisted of 120 German embedded clauses with a            
subject-object-verb order. We manipulated the number of the DO and of the verb             
(singular/plural) in a 2 × 2 factorial design (Table 1 ). 33 participants read the sentences in                
RSVP (SOA = 450ms) and provided sentence-final acceptability judgments. Bayesian linear           
mixed models with the predictors DO number, grammaticality and their interaction were used to              
analyze acceptability judgments and P600 amplitudes 600–1000ms post-verb onset. ERP          
results: Ungrammatical sentences elicited an increased P600 compared to grammatical          
sentences (est. = 3.03 µV, 95% CrI = [1.64, 4.43] µV; Figures 1–2 ). Critically, an effect of                 
attractor number in ungrammatical sentences indicated that the P600 component was reduced            
in the presence of a plural DO (est. g= -2.07 µV, 95% CrI = [-3.59, -0.55] µV). Acceptability                  
results: The presence of a plural DO decreased accuracy in both grammatical and             
ungrammatical sentences (est. = -0.75 log odds, 95% CrI = [-1.03,-0.46] log odds).  
Discussion: Our results show that intervening DOs elicit agreement attraction immediately at            
the verb: Attraction decreased the amplitude of the P600 component in ungrammatical            
sentences with plural DOs. These attraction effects persisted after participants had finished            
reading the sentences, such that these were misjudged more often when containing plural DOs.              
Taken together, these results provide evidence that DO constructions, despite their argument            
status, can elicit patterns of attraction similar to those of PP constructions, resembling previous              
findings in production [4,5]. Importantly, our results further add to the idea that attraction errors               
are pervasive and widespread in language comprehension by showing ERP effects of            
agreement attraction in another language and in a different syntactic configuration. 

References. [1] Wagers, Lau & Phillips (2009). J Mem Lang . [2] Tanner, Nicol & Brehm (2014).                
J Mem Lang. [3] Shen, Staub & Sanders (2013). Lang Cogn Process. [4] Hartsuiker,              
Antón-Méndez & Van Zee (2001) J Mem Lang. [5] Franck, Soare, Frauenfelder & Rizzi (2010). J                
Mem Lang . 
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Table 1 . Sample item set, illustrating the 2 × 2 factorial design manipulating the number of the 
DO and of the verb (singular/plural). Event-related potentials were recorded at the embedded 
verb (underlined). 

Grammatical sentences (singular / plural DO) 

Pia erzählt, [dass der Mann die FrauACC.SG / die FrauenACC.PL gestern heimlich beobachtete SG ],... 
Pia says, that the man SUBJECT the woman DO / women DO yesterday secretly watches ... 
 
Ungrammatical sentences (singular / plural DO) 

Pia erzählt, [dass der Mann die FrauACC.SG / die FrauenACC.PL gestern heimlich * beobachteten PL  ],... 
Pia says, that the man SUBJECT the woman DO / women DO yesterday secretly * watch ... 
 
Figure 1 . By-condition averages at electrode Pz at the embedded verb, 600–1000ms post-verb             
onset.  

 
 
Figure 2 . Topographic distribution of P600 effect. Grammaticality effect (left): grammatical -            
ungrammatical conditions. Attraction effect (right): Ungram, DO singular - Ungram, DO plural. 

 

 



LANGUAGE INFLUENCES EVENT MEMORY AFTER SLEEP 
 
Suppose you saw a person exercising in the neighbourhood park when your companion says 
look, that’s Jane running. Will this event description influence how you later remember this event 
compared to other descriptions such as walking or jogging? Would this influence be any different 
if you recall the event before or after sleep? Prior research suggests that linguistic encoding of 
static pictures may lead to retrieval of memories that are distorted towards the features highlighted 
by the language [1,2]. It’s argued that interactive encoding occurs in such cases, whereby top-
down linguistic features distort bottom-up stimulus features. However, prior studies examining 
memory of dynamic events have failed to find linguistic encoding effects [3,4], perhaps because 
multiple dynamic cues make retrieval easier and pre-empt reliance on language cues.  

Here, we examine whether linguistic encoding shapes event duration recollection. 
Specifically, we ask whether language modulates encoding or consolidation processes during 
sleep. Sleep is known to integrate episodic features with prior knowledge or schemas stored in 
memory [5]. Since language evokes existing concepts, episodic features might merge with these 
concepts after sleep.  

We created 21 cartoon-like animations varying in duration (from 3 to 9 sec). Each animation 
was paired with two descriptions implying either fast or slow motion. See Fig. 1. SLOW PHRASE: 
grandma taking the bus to the hospital. FAST PHRASE: an ambulance taking someone to the 
hospital. In 3 experiments, participants first studied all animations, each paired with one of the 
phrases. They were later instructed to mentally replay the animations as accurately as they could 
when prompted with a visual cue (the first animation frame). The duration of the mental replay 
was recorded (Fig 2). Finally, they verbally recalled the animations. 

Exps. 1 and 2 manipulated the number of study viewings (one vs. three) before immediate 
recollection. If language modulates encoding, mental replays should be longer for animations 
described by slow phrases than for those described by fast phrases. This effect should be 
particularly observed when participants could deeply encode the stimuli (three viewings).  

The results indicated that despite repeated study, there was no effect of language on the 
duration of mental replays, although more study improved replay accuracy, i.e., the replayed 
duration was closer to the stimulus duration. This suggests that the description did not influence 
event recollection. Verbal and visual information may have been kept separate in memory and 
were not integrated into a single “distorted” representation, as argued by interactive encoding.  

Exp. 3 manipulated whether sleep took place between encoding and retrieval, which were 
always 12 hrs apart. The Sleep group studied the stimuli in the evening and was tested in the 
morning of the following day. The Wake group studied the stimuli in the morning and was tested 
in the evening of the same day. We found an interaction between group and language so that a 
language effect was not observed for the Wake group but was found in the Sleep group (t= 2.13, 
p<0.05). This suggests that even when phrases were only seen at encoding/study, the conceptual 
features of the phrases were integrated with episodic details during sleep.   

Analyses of verbal recall also indicated that participants were more likely to combine the 
descriptions with animation details after sleep. For example, mixed descriptions containing words 
of the stimulus phrases (e.g., “grandma”) and visual details (e.g., “white rectangles”) were more 
likely after sleep. This suggests that the visual details were more readily combined with linguistic 
features after sleep than before, consistent with integration mechanisms taking place overnight. 

Overall, these results suggest that language at encoding modulates event recollection only 
after sleep-dependent consolidation. These findings disagree with interactive encoding accounts 
but are consistent with consolidation models arguing that sleep promotes the integration of 
episodic and conceptual representations. They thus suggest that language modulates 
consolidation processes taking place during sleep. 
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SLOW PHRASE: grandma taking the bus to the hospital.  

FAST PHRASE: an ambulance taking someone to the hospital. 

 

Fig. 1. Example of experimental stimuli used in experiments. Descriptive phrases are shown 
on the top, the red line and arrows indicate the motion paths.  

 

 

Fig. 2. Schematic representations of the learning and replay tasks 
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Acceptability of homophonous sequences in adjective-derived adverbs 

Shiloh Drake (University of Arizona) & Lauren Ackerman (Newcastle University) 

sndrake@email.arizona.edu 

The adverbial suffix -ly1 and adjectival suffix -ly2 do not typically combine: *ghost + -ly2+ -ly1 

(intended meaning: “in a ghostlike manner”, as in “The figure meandered ?ghostlily around the 

old mansion”). Explanations for this phenomenon have been made using phonological 

constraints on affixal identity or Obligatory Contour Principle constraints (Plag, 1998; Yip, 1998), 

phonological coalescence (De Lacy, 1999), or usage-based constraints (Walter, 2007). This 

may lead us to believe that these sequences are never acceptable, but this is not the case. We 

investigate what combination of these constraints makes the “lily” sequence more or less 

acceptable in multimorphemic words.	
This combination of suffixes can be observed in naturalistic speech when a speaker is 

“backed into a corner” syntactically, and are also infrequently attested in corpora like the Corpus 

of Contemporary American English (Davies, 2008-) in examples like this self-aware New York 

Times quote (Brantley, 2008): “…is being seriously silly. Or is it sillily serious? Sillily -- that can't 

be right.” Ackerman and Drake (2018), henceforth A&D, performed an acceptability judgment 

task rating the naturalness of sentences containing the target words. They found that sentences 

containing words like jollily (stem+ly), where the stem contains the sequence ly, were rated as 

significantly more natural than sentences containing words like smellily (stem+y+ly) or lovelily 
(stem+ly+ly). Based on this, A&D propose that an interaction of phonological and morphological 

constraints affected the acceptability of the ADJ + ADV sequence. However, the lack of 

significant difference between smellily-type words and lovelily-type words is puzzling for 

suggestions of morphological complexity since they comprise derivational morphemes of similar 

complexity, and the standout difference in acceptability for jolly-type words is equally puzzling 

for phonological constraints, as all contain the same -lily string. This study characterizes these 

observations using a lexical decision task as a more precise method for exploring gradient 

differences in acceptability between the three word types.	
Stimuli comprise three types of words with English stems, summarized in Table 1 below: 

where -ly is contained in the adjectival stem (jolly), where -l is contained in the stem and 

adjectival -y2 is appended (smell), and where the full adjectival -ly is appended to the stem 

(love). These were contrasted with adverbial real-word fillers and two types of nonwords: where 

the final string -ily was appended to a nonword stem, and where the final string -lily was 

appended, mimicking the form of the target words. If morphological and phonological constraints 

following A&D, we expect to find an interaction whereby jollily-type words are processed 

differently from smellily-and lovelily-type words. If we find that all three types are processed in 

similar ways, we may conclude the effects observed by A&D are due to conscious introspection.	
33 native American English speakers (age 18-30, 25 F) completed the lexical decision task. 

Mean RTs and standard errors are shown in Figure 1 and Table 2. From this data, we see a 

distinct pattern in which love-type words and nonword+lily words produce similar reaction time 

behaviors. In both these conditions only, YES responses, i.e., “yes, this is a word” were over 

50ms faster than NO responses, with similar rates of YES and NO responses; pairwise 

comparisons show that they are not patterning differently from each other. In all other non-filler 

conditions, YES and NO responses were within 20ms of each other.	
These results indicate that processing love-type words is similar to processing nonword+lily 

stimuli, but unlike any other type. This suggests that, in fact, stemly+ly words are not being 

parsed as deadjectival adverbs; rather, it is more likely they are being parsed as compound 

nouns word+‘lily’ (e.g., tigerlily). Although this indicates speedy access of well-formed ‘lily 

words’, it also means that they are not perceived in the same way as the more frequent (and 

more acceptable) jolly- and smell- word types. Thus, not only must we account for 

morphological complexity and phonological similarity when assessing the plausibility of these 

words, but also the inference of ‘lily’ as a stem in its own right. 
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Table 1. Types of words contrasted in the study 

Condition # of tokens Stem Adj. suffix Adjective Adv. suffix Adverb 
stem+ly 10 jolly ø jolly 

-ly 

jollily 

stemy+ly 10 smell -y smelly smellily 

stemly+ly 10 love -ly lovely lovelily 

nonword 30   clousti- cloustily 

nonword+lily 30   friestli- friestlily 

filler 30    grumpily 

 

  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Response RTs and standard errors (SE) by word type and response 

 

Response NO YES 
Condition Mean RT (SE) 

filler 807.6 (13.8) 848.9 (9.2) 

nonword 858.9 (11.6) 850.4 (11.6) 

stem+ly 868.1 (20.6) 871.8 (16.6) 

stemy+ly 835.0 (19.1) 856.7 (17.0) 

stemly+ly 888.5 (20.4) 818.4 (15.6) 

nonword+lily 832.9 (10.9) 799.0 (11.5) 

 



The Partial and Complete Island Repair Of Stripping.

David Potter & Katy Carlson (Morehead State University)
d.potter@moreheadstate.edu

The results of three acceptability judgment experiments reveal that non-contrastive stripping (1b) com-
pletely ameliorates the effects of a definite relative clause island violation, and that corrective stripping
(2b) partially ameliorates these effects, whether the correlate was utterance final in the antecedent or not,
replicating and extending Potter (2017). These results run counter to prior claims in the literature (Griffiths
and Lipták 2014). The central theoretical contribution is that definite relative clause island constraints, at
least, cannot be exclusively reduced to processing factors (Hofmeister and Sag 2010); there are some
irreducible grammatical aspects to these locality constraints (Fox and Pesetsky 2005).

(1) a. James met the student who speaks a foreign language.
b. Yeah, Farsi. // *Yeah, it was Farsi that James met the student who speaks.

(2) a. James met the student who speaks Arabic.
b. No, Farsi. // *No, it was Farsi that James met the student who speaks.

Experiment 1, an aural acceptability judgment experiment, found that participants (N=41) rated the accept-
ability of island-violating it-cleft continuations (1b) worse than non-island-violating controls (3b; �:3.67+/-0.43;
p=<0.001), and found no island effect in the stripping conditions (�:0.41+/-0.35; p>=0.26); English island
violating non-contrastive stripping is as acceptable as non-island violating non-contrastive stripping.

(3) a. James heard that the student speaks a foreign language.
b. Yeah, Farsi. // Yeah, it was Farsi that James heard that the student speaks.

Experiment 2 (N=44) examined corrective stripping and it-cleft continuations with correlates in definite
relative clauses (2b) and complement clauses (4b). Results revealed reliable island effects in both it-cleft
(�:2.73+/-0.36; p=<0.001) and stripping (�:1.37+/-0.31; p=<0.001) conditions, with a reliable interaction
such that the island effect in the stripping conditions (⇠0.47pt difference on 7pt scale) was smaller than that
in the it-cleft conditions (⇠1.67pt difference). Thus, English corrective stripping exhibits a partial sensitivity
to island effects. Additionally, the results of Experiment 3, a written study manipulating the clause-finality
of corrective remnants, revealed no effect of finality on stripping island sensitivity (N=53, �:0.18+/-0.11;
p>=0.1), contrary to the claims in Barros et al. (2013), Griffiths and Lipták (2014), and Griffiths (to appear).

(4) a. James heard that the student speaks Arabic.
b. No, Farsi. // No, it was Farsi that James heard that the student speaks.

We can explain the partial island sensitivity of corrective stripping as a garden path effect (Frazier 1978).
The contrastive focus on Arabic in, e.g., (2) could be preferred to be initially parsed as having spread to
the entire relative clause, (5a; Selkirk 1996), as such a parse would not require a focus to scope out of
the island. Then, upon encountering the stripping continuation, a reanalysis would be necessary. The
only parse of the antecedent which is compatible with an island-violating stripping continuation is one in
which focus has not spread (5b; Rooth 1992), because otherwise, the remnant, Farsi and the (misparsed)
correlate the student who speaks Arabic would not be coherent alternatives to each other.

(5) a. Focus spreading: James met [the student who speaks Arabic]F .
b. Narrow focus: James met the student who speaks [Arabic]F .

The insensitivity of English stripping to definite relative clause islands has strong implications for the
proper analysis of island effects. If certain island effects could be reduced to the sum of a variety of
processing effects (Hofmeister and Sag 2010), and if the ellipsis site were populated with elided syntactic
structure isomorphic to the antecedent, (Potter 2017, Yoshida et al. 2018), the ellipsis island amelioration
effect of stripping would be completely unexpected. Any movement of a remnant from within an island in the
ellipsis site would involve structures and dependencies identical to those in their non-elliptical counterparts,
and so such processing accounts of island effects would therefore predict equivalent processing difficulty
in both; there should be no ellipsis island amelioration effect.

In sum, whether the correlate is utterance final or not, non-contrastive stripping demonstrates full island
insensitivity, and corrective stripping shows partial sensitivity, the latter result following from extra-grammatical
factors. We argue these results are strong evidence in favor of grammatical approaches to island effects.
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Speaker choice in language production: Optional passive marker BEI in Mandarin 
Yingzhao Zhou* (NEU), Yingtong Liu* (Harvard), Edward Gibson (MIT) [* Equal Contribution] 

zhou.yingz@husky.neu.edu  
The language production system needs to choose an informative and efficient utterance 

when multiple forms are available to express the same meaning. We tested whether optional 
word mention is explained by two separate accounts. One is the interference account, which is 
hypothesized to stem from the nature of memory representations in sentence production. The 
interference account appears to affect speakers’ implicit structure choice, in that semantically 
similar words interfere with lexical retrieval and therefore affect sentence production (Hsiao & 
MacDonald, 2016; H&M). The other is the noisy-channel account, which states there are various 
of noise in the communication procedure, such as environment noise or humans’ inherent bias 
(Gibson et al., 2013; Levy, 2008). Speakers tend to choose the linguistic form that facilitates 
robust information transmission and smooth communication.  

The two accounts make different predictions on Mandarin production of the passive 
marker BEI in relative clauses. BEI is optional and does not affect the meaning of the clause, as 
shown in (1c). Relative clauses involve complex structures and BEI serves as a cue to mark the 
agent in the event structure, thus potentially assisting information transmission. The noisy-
channel account therefore predicts speakers use BEI more often when the event described in 
the relative clause is less consistent with people’s bias in semantic role assignment. In contrast, 
the interference account predicts speakers produce BEI more often when the animacy 
conditions of relative clause agent and patient are the same (e.g., both are animate) than when 
they are different, to reduce interference. 

H&M (2016) argued for the interference theory. Exp1 aims to replicate their results. The 
interference account and the noisy-channel account make the same prediction here. 48 
Mandarin speakers were provided with two simple sentences such as (1ab) and asked to 
combine them into a complex sentence. Across all trials, N1 was animate and N2 was either 
animate (1a) or inanimate (1b). To avoid potential garden path effects, the matrix verb in each 
trial (e.g., ‘protect’ in (2)) was designed to be pragmatically incompatible with N1 (‘the bomb’) in 
the Chinese context. There were six trials in total with Latin square design. Each participant 
constructed six complex sentences such as (1c) in which they either use BEI or not. Both the SI 
account and NC model predict more BEI usage in (1a) than (1b). Events including animate 
agent and inanimate patient (1b) are more consistent with people’s semantic-role-assignment 
bias and have less similarity-interference compared to animate agent and patient (1a). A mixed 
logit regression with N2 animacy condition as predictor was employed to analyze the 
presence/absence of BEI in responses. Our results replicated H&M (2016): Participants were 
more likely to produce BEI if N2 (patient) was animate (1a) (β=-1.53, z=-2.5, p<0.013), as Fig.1. 

The interference account and the noisy-channel account make different predictions in 
Exp2. 70 Mandarin speakers were provided with two simple sentences such as (2ab) and were 
asked to combine them into one sentence. Across all trials, N1 is inanimate, while N2 is either 
animate (2a) or inanimate (2b). As in Exp1, each participant constructed six complex sentences 
in which they either use BEI or not. The noisy-channel account predicts more BEI usage in (2a) 
where agent is inanimate and patient is animate, than (2b) where both agent and patient are 
inanimate. This is because people prefer animate agents to inanimate agents, and semantic 
role assignment in event (2a) is more reversible and noisy than (2b). However, the interference 
account predicts more BEI usage in (2b) where both agent and patient are inanimate, than (2a), 
in that inanimate agent and patient are more semantically similar and may lead to a higher 
interference. A similar analysis was applied to the results. Participants were more likely to 
produce BEI if patient is animate (2a) (β=-1.14, z=-2.25, p<0.025) as shown in Fig.2, thus 
supporting the noisy-channel account but not the interference account. 

Our findings support the noisy-channel account over the interference account: The 
usage of optional functional words like BEI is driven by informative and efficient communication. 
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(1) Experiment I stimuli   
    a.        商�              
�      店�(N2)。          ��(N1)       抱怨     店�(N2)。 
        The shopping mall investigate  staff.           Customer        criticize    staff.  
    b.      商�               
�            商品(N2)。      ��(N1)     抱怨      商品(N2)。 
       The shopping mall   investigate     product.    Customer       criticize    product 
    c.       商�               
�          （被）  ��(N1)         抱怨       的     店�(N2)。 
      The shopping mall  investigate  (BEI)   customer      criticize     DE     staff 
‘The shopping mall investigated the staff that [the customer criticized/was criticized by the 
customer]’ 
     
(2) Experiment II stimuli 
a.  部�      保��        ��(N2)。              炸�(N1)          	�          ��(N2)。 
The army    protects   the president.           The bomb      attacks      the president. 
b.  部�     保��       村庄(N2)。                炸�(N1)         	�          村庄(N2)。 
  The army   protects    the village.              The bomb     attacks       the village. 
 
 

  
Fig. 1. Proportion of using BEI in Exp1 by 
patient/N2 animacy (animate vs. inanimate) 
The error bars show 95% confidence interval. 

Fig. 2. Proportion of using BEI in Exp2 by 
patient/N2 animacy (animate vs. inanimate) 
The error bars show 95% confidence interval. 

 
References: [1] Gibson, E., Bergen, L., & Piantadosi, S. T. (2013). Rational integration of noisy evidence and prior 
semantic expectations in sentence interpretation. PNAS, 201216438. [2] Hsiao, Y., & MacDonald, M. C. (2016). 
Production predicts comprehension: Animacy effects in Mandarin relative clause processing. JML, 89, 87-109. [3] 
Roger Levy. (2008). A noisy-channel model of rational human sentence comprehension under uncertain input. 
Proceedings of the 13th Conference on EMNLP, pp. 234–243. 



Flexible prediction: Global Context and Speaker Reliability Affect Sentence Processing 
Trevor Brothers (Tufts University), Liv J. Hoversten (Basque Center on Cognition, Brain, & 
Language), Shruti Dave (Northwestern University), Tamara Y. Swaab (UC Davis), Matthew J. 
Traxler (UC Davis) 
mjtraxler@ucdavis.edu 
 
 Anticipatory processes affect language comprehenders' responses to sentence 
constituents in a variety of ways. (Altmann & Kamide, 1999; Brothers & Traxler, 2016; Brothers, 
Swaab, & Traxler, 2015; Dave, Brothers, Traxler, Ferreira, Henderson, & Swaab, 2018; 
Kuperberg & Wlotko, 2018). The mechanisms and processes that produce anticipatory effects 
are depicted in a variety of modeling approaches (e.g., Elman,2004; Gibson et al., 2013; Hale, 
2001; Levy, 2008; McRae, Hare, Elman, & Ferretti, 2005). Research continues into the nature 
and extent of such anticipatory effects (e.g., Delong, Kutas, & Urbach, 2005; Nieuwland, 
Politzer-Ahles, Heyselaar, Segaert, et al., 2018).  Some of this research effort has focused on 
the extent to which recent and long-term experience can affect anticipatory processes. For 
example, some studies indicate that exposure to a rare syntactic structure within and across 
experimental sessions can affect the processing load imposed by those structures (Fine et al., 
2013; but see Stack, James & Watson, 2018; Tooley & Traxler, 2018; Wells et al., 2009). Other 
work shows that instructions to participants can affect the neurophysiological response to 
predictable words in sentences (Brothers, et al., 2017). 
 We report evidence from self-paced reading and ERP experiments showing how 
comprehenders respond to predictable words in sentences. The experiments tested how 
readers and listeners react when locally predictable information is embedded in a broader, 
experiment-wide context in which predictions are frequently confirmed versus disconfirmed. We 
hypothesized that comprehenders react differently to predictable information that is encountered 
in a global context where predictions were frequently confirmed compared to a global context 
where predictions were frequently disconfirmed. 
 In the self-paced reading experiment (N = 252), participants read predictable (My pen 
has just run out of ink) and unpredictable sentence continuations (Tim Barnes has just run out 
of ink), and the overall validity of predictive cues was manipulated across groups using a 
separate set of filler sentences. There was a linear relationship between the benefits of a 
constraining sentence context and the global validity of predictive cues.  The difference in 
reading time between predictable and unpredictable words increased as global validity 
increased. Critically, no reading time benefits were observed as prediction validity approached 
zero (see Figure 1).  These results indicate that within-sentence factors contribute to 
anticipatory effects more when the global processing environment indicates that predictable 
words are likely to appear. 
 In the ERP experiment (N=40), we tested participants' response to predictable and 
unpredictable words embedded in sentences.  The test sentences were spoken by one male 
and one female speaker.  Sentence context was manipulated so that all of the test sentences 
contained a predictable critical word (Eric sued the taxi driver and took him to court) or an 
unpredictable critical word (Eric picked up his friend and took him to court).  In the filler 
sentences, one of the speakers always completed the sentences with a predictable completion 
(The dairy cow produced a lot of milk).  The other speaker would always produce an 
unpredictable completion (...a lot of noise).  The ERPs for the test sentences showed that the 
reliable speaker produced larger and earlier N400s (predictable compared to unpredictable 
critical words) than the unreliable speaker.  I.e., n400s for test sentences (Eric sued the driver 
and took him to court) differed based on whether the speaker was reliable in the filler sentences 
(see Figure 2).  These results rule out a class of account under which prediction is a static 
process that operates solely on sentence-level cues.  Instead, comprehenders dynamically 
adjust to aspects of the wider information processing context. 
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Figure 1.  A) Differences in reading time between the Predictable and Unpredictable condition across 
the three Validity groups.  The size of the predictability effect decreased monotonically as the validity of 
predictive cues decreased.  B) In contrast, predictive validity had no influence on the reading time 
differences between high-frequency and low-frequency words.  Error bars represent ±1 standard error 
of the mean.  ** p <  0.01, ns = not significant. 
 

 
Figure 2. Grand-average event-related potentials, time-locked to the onset of the predictable or 
unpredictable critical word in the critical sentences (Eric sued the taxi driver and took him to 
court… vs. Eric picked up his friend and took him to court…). Waveforms are plotted separately 
for sentences spoken by the reliable and unreliable speaker. Predictability differences waves 
(Unpredictable minus Predictable) are also plotted for the two speaker conditions. 
 



Structure-sensitive pronoun processing even in the absence of Principle B effects 
Thuy Bui & Brian Dillon (University of Massachusetts Amherst) 

tbui@umass.edu 
Principle B of Binding Theory asserts that a pronoun cannot corefer with an antecedent in its 

local clause [4]. Previous studies have reported conflicting results regarding whether English 
speakers use Principle B to filter the interpretation of pronouns in real-time comprehension. 
While [5, 6, 11] have argued that only non-local antecedents are retrieved initially, [2] found that 
local antecedents can also be considered in early processing. In this study, we investigate this 
issue in Vietnamese, where coreference between a pronoun and a local referential antecedent 
is permitted (1). We ask whether structural constraints guide early pronoun resolution processes 
in this language, despite the lack of clear Principle B effects. We considered two possibilities: 

(i) Free access to all antecedents: Vietnamese speakers could consider all grammatically 
licit antecedents immediately in real-time processing. They may retrieve any feature-matching 
antecedent, regardless of its syntactic position, as predicted by a cue-based retrieval 
mechanism in a content-addressable memory system [10]. 

(ii) Restricted antecedent search: Alternatively, Vietnamese speakers might still use 
structural cues to guide retrieval, and be biased away from local antecedents even without 
categorical Principle B effects. For instance, pronouns typically refer to the most prominent 
discourse referent, which is commonly the highest subject of a sentence [1, 8]. Since non-local 
antecedents in [2, 6] take this position, they may be more easily retrieved [see 8]. 

Crucially, (i) predicts that it would take longer to process a pronoun only when no 
antecedent matches the pronoun’s features compared to any sentence in which at least one 
antecedent does. That is, there would be no difference between the non-local and the local 
antecedents, as long as they match the pronoun’s features. Meanwhile, (ii) predicts that 
comprehenders would encounter processing difficulty only when the non-local antecedent 
mismatches the pronoun’s features. Feature-matching local antecedents would not reduce 
processing difficulty, since they would not be considered initially. 

We tested these predictions in an online self-paced reading experiment (nparticipant = 80, nitem 
= 36) on Ibex Farm [6]. We manipulated two factors: (i) the syntactic position of a referent 
relative to the pronoun and (ii) the feature match between a referent and the pronoun. We used 
honorificity to investigate the latter [9], since all Vietnamese pronouns are marked with honorific 
status (either HONorific or SUBhonorific), but not with gender. All referents had unambiguous 
classifiers specifying their honorificity features. We crossed [NON-LOCAL / LOCAL] with [MATCH / 
MISMATCH] in a 2 × 2 design, as in [2, 5; Table 1]. Mean RTs are in Figure 1, with linear mixed 
effects results in Table 2 and pairwise contrasts in Table 3. The data suggest three key results: 

(i) A preference for non-local antecedents: Participants were immediately sensitive to an 
honorificity mismatch with non-local antecedents. RTs were shorter when the non-local 
antecedent matched the pronoun than when it did not, replicating previous work [2, 5, 6, 11]. 

(ii) A bias against local antecedents: RTs were slowed for a feature-matched local 
antecedent even when the non-local antecedent was unavailable. NON-LOCAL MISMATCH, LOCAL 
MATCH was significantly slower than NON-LOCAL MATCH, LOCAL MISMATCH, but was not reliably 
faster than NON-LOCAL MISMATCH, LOCAL MISMATCH in immediate spillover regions [5]. 

(iii) Competition for multiple matching antecedents: When both antecedents matched, 
processing times were slowed. This multiple match effect may reflect competition to determine a 
single antecedent for the pronoun. This led to additional processing time observed in the NON-
LOCAL MATCH, LOCAL MATCH condition, contrasting with the significantly shorter RTs in the NON-
LOCAL MATCH, LOCAL MISMATCH condition, replicating the findings in [2]. 

In sum, even though Vietnamese does not display robust Principle B effects, the pattern of 
RTs observed in this study replicates [2] closely. Our data suggest that despite the lack of 
Principle B effects, Vietnamese speakers still prefer non-local antecedents, showing a similar 
structural bias in processing to that observed in English. 
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(1) Thằng nhân viên đó bầu cho nó.     nó = thằng nhân viên đó 
 SUB person worker that vote for SUB     him-SUB = that employee-SUB 
 ‘That employee-SUB voted for him-SUB.’        
 
Table 1: Experimental conditions and sample materials. 
 

NON-LOCAL LOCAL SENTENCES 

Match Match Thằng 
SUB 

Tâm 
Tam 

nói 
say 

là 
that 

thằng 
SUB 

nhân 
person 

viên 
worker 

đó 
that 

bầu 
vote 

cho 
for 

nó. 
SUB 

Match Mismatch Ông 
HON 

Tâm 
Tam 

nói 
say 

là 
that 

thằng 
SUB 

nhân 
person 

viên 
worker 

đó 
that 

bầu 
vote 

cho 
for 

ổng. 
HON 

Mismatch Match Ông 
HON 

Tâm 
Tam 

nói 
say 

là 
that 

thằng 
SUB 

nhân 
person 

viên 
worker 

đó 
that 

bầu 
vote 

cho 
for 

nó. 
SUB 

Mismatch Mismatch Thằng 
SUB 

Tâm 
Tam 

nói 
say 

là 
that 

thằng 
SUB 

nhân 
person 

viên 
worker 

đó 
that 

bầu 
vote 

cho 
for 

ổng. 
HON 

 

trong cuộc họp sáng nay. 
in session meeting morning this 

 

‘Tam-{SUB / HON} said that that employee-SUB voted for him-{SUB / HON} in the meeting this morning.’ 
 
Figure 1: Mean RTs (in ms) by condition and region. Error bars represent standard error by participants, 
corrected for between-participant variance [3]. 
 

 
 
Table 2: Maximal linear mixed effects model fit to log-transformed RTs. Significant effects are boldfaced. 
 

Fixed Effects tpronoun tpronoun+1 tpronoun+2 tpronoun+3 
NON-LOCAL −1.23 −4.02 −5.15 −2.96 
LOCAL 0.89 0.96 0.55 −0.74 
NON-LOCAL × LOCAL 1.40 2.58 2.01 2.29 

 
Table 3: Relevant pairwise comparisons. Significant contrasts are boldfaced. 
 

Contrasts tpro+1 tpro+2 tpro+3 
NON-LOCAL MISMATCH, LOCAL MISMATCH − NON-LOCAL MISMATCH, LOCAL MATCH 0.95 1.06 2.22 
NON-LOCAL MISMATCH, LOCAL MISMATCH − NON-LOCAL MATCH, LOCAL MATCH 1.89 3.29 2.62 
NON-LOCAL MISMATCH, LOCAL MISMATCH − NON-LOCAL MATCH, LOCAL MISMATCH 4.66 5.05 3.67 
NON-LOCAL MISMATCH, LOCAL MATCH − NON-LOCAL MATCH, LOCAL MISMATCH 3.36 4.05 1.56 
NON-LOCAL MATCH, LOCAL MATCH − NON-LOCAL MATCH, LOCAL MISMATCH 2.41 1.83 1.25 

 
References: [1] Ariel, M. (1990). Accessing NP Antecedents. [2] Badecker, W. & Straub, K. (2002). JEP: LMC 28. [3] 
Bakeman, R. & McArthur, D. (1996). BRM 28. [4] Chomsky, N. (1981). Lect on Govt & Binding. [5] Chow, W.-Y., Lewis, S., 
& Phillips, C. (2014). Front Psychol 5. [6] Cunnings, I & Sturt, P. (2018). Lang Cogn Neurosci 33. [7] Drummond, A. (2013). 
Ibex Farm. [8] Kush, D., Johns, C. L., & Van Dyke, J. A. (2018). JEP: LMC. [9] Kwon, N. & Sturt, P. (2016). Front Psychol 7. 
[10] Lewis, R. L. & Vasishth, R. (2005). Cogn Sci 29. [11] Nicol, J. & Swinney, D. (1989). J Psycholinguist Res 18. 



Toddlers rapidly infer multiple polysemous meanings in familiar and unfamiliar 
languages 

Sammy Floyd, Mariesa Cay, Adele E. Goldberg & Casey Lew-Williams (Princeton University) 
sfloyd@princeton.edu 

 
Word learning is generally studied as a process of mapping each word form to its 

referent [1,2]. However, studies have largely overlooked a pervasive feature of language: that a 
majority of words are polysemous (40-80% in English) in that they have multiple related 
meanings for the same form, e.g., baseball cap, pen cap, bottle cap [3,4]. Critically, languages 
differ in how they extend labels: cap can to refer to a bottle cap or a hat but not to a lid, while the 
Spanish word tapa can apply to a bottle cap or a lid, but not a hat. The present study is the first 
to investigate how young English-speaking children contend with the meanings of polysemous 
words. In an English-meaning condition, toddlers were tested on their ability to recognize 
multiple English meanings for cap (e.g. a baseball cap and a bottle cap) and other polysemous 
words. Further, a Spanish-meaning condition prompted them with the same English label (e.g., 
cap), but evaluated their ability to recognize meanings from Spanish (and unfamiliar language) 
that are not related in English (e.g., a lid). By comparing the two conditions, the present study is 
also the first to tease apart the role of learned conventions (English-meaning condition) vs. 
conceptual generalization or inference (Spanish-meaning condition) in learning polysemy.  
 Thirty-two English-speaking 24-36 month olds (M= 31 months, SD= 2.7 months) 
participated in an eye-tracking experiment; they were prompted with simple English sentences, 
“Look! Look at the cap!”, with two images on screen. We measured children’s proportion of 
looking to target vs. distractor from 300-2000ms following noun onset (cap), following previous 
research on children’s word recognition [5] (see Figure 1). Other target words included sheet, 
balloon, horn, glasses, and collar (see Figure 2); trials were constructed such that a higher-
frequency meaning of one word was presented alongside the higher-frequency meaning of a 
different word [6]. In the English-meaning trials, we found that children looked significantly 
above chance to the target meanings (β=0.13, t=7.13, p=1.52e-09) (see Figure 3). Interestingly, 
we found no difference in performance between higher and lower frequency meanings (β=0.01,	
t	=0.167,	p=0.87), suggesting that toddlers were able to identify both the common and less 
common meanings of words. 
 In the Spanish-meaning trials, we again prompted the monolingual English-speaking 
children with English words, but presented them with a distractor and a related meaning that is 
only conventional in Spanish (e.g., an image of a lid upon hearing cap). We selected pairs of 
items to ensure that they were equally similar to one another as in the corresponding pairs of 
English meanings. We found that toddlers again performed significantly above chance in this 
condition (β=0.08412, t=3.07, p=0.003), suggesting they can quickly infer additional related 
meanings that they have not previously witnessed in their language. At the same time, average 
performance on Spanish-meaning trials fell significantly below English-meaning trials during 
600-1000ms following noun onset (β=0.12104, t=2.74, p=0.008). Consistent with the prediction 
that children are familiar with multiple meanings that they have previously heard, participants 
were faster to switch to the correct meaning following noun onset on English- over Spanish-
meaning trials (β=141.15, t=2.050, p=0.0453). This provides evidence that language specific 
input does, to some degree, confer an advantage, and that performance on the English trials 
was not entirely attributable to inference. 
 We find that monolingual English-speaking toddlers successfully identify multiple 
conventional meanings of target words in English. Furthermore, we find that children willingly 
extend words to unfamiliar but related meanings for those words: toddlers successfully inferred 
Spanish-only meanings for English words in real time, suggesting that the ability to extend a 
label to multiple, polysemous forms is a rapid and early-emerging process. Further work will 
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investigate the role of individual-level input in learning multiple meanings, as well as activation 
of multiple, multi-language representations in bilingualism. 

 
Figure 1: example cap trials 

 
Word label High-frequency meaning Low-frequency meaning Spanish meaning 

cap  bottle cap baseball cap (tapa) container lid 
sheet  bedsheet sheet of paper (hoja) leaf 

glasses  eyeglasses drinking glasses (gafas) goggles 
collar  dog collar shirt collar (collar) necklace 
horn  animal horn musical horn (cuerno) croissant 

balloon  party balloon hot air balloon (globo) globe  
Figure 2: table of items 

 
Figure 3: Proportion looking to target following noun onset (shown at 0ms) in toddlers (n=32) 
ages 24-36 months in English-meaning and Spanish-meaning conditions. The vertical lines 

indicate 300 and 2,000ms following noun onset (Fernald, 2008). 
 

[1] Quine, W. V. O. (1960). Word and object. Cambridge, MA: MIT Press. [2] Trueswell, JC et al 
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Memory and Language. [5] Fernald, A et al (2008). Looking while listening: Using eye movements 
to monitor spoken language comprehension by infants and young children. [6] 
MacWhinney, B. (2000). The CHILDES project: Tools for analyzing talk. 
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Similarity-based interference and morphological retrieval in Portuguese sluiced sentences 
Alexandra Lawn & Jesse Harris (University of California, Los Angeles) 
alawn@ucla.edu 
Background. In a cue-based retrieval system, all potential antecedents for a retrieval cue are 
accessed and matched through a rapid, associative cue-matching procedure [4]. When the 
retrieval cue overlaps with more than one item in memory, however, retrieval accuracy is inhibited 
(similarity-based interference, SBI). Although there is evidence that semantic, morphological and 
structural information can modulate SBI effects in well-documented cases of retrieval (i.e. subject-
verb dependencies), research on this topic has been largely confined to analyzing a limited 
number of cues and types of grammatical dependencies. In particular, the role of competing 
morphological cues in retrieval has received far less attention in the literature.  
Current Study. We address this gap by examining the role of number and gender morphology in 
Brazilian Portuguese (BP) sluiced sentences. Sluicing is a form of clausal ellipsis following a wh-
expression (i.e. Mary loved someonei, but I don’t know whoi] in which the wh-remnant (who) is 
paired with a correlate (someone) in the matrix clause. Sluices show a strong preference to 
associate the wh-remnant with the most structurally local correlate, known as the Locality Bias 
[1]. Harris (2015) uses the finding that violations of the Locality Bias in sluiced sentences 
increases SBI effects to draw a parallel between remnant-correlate pairings and retrieval 
mechanisms. The rich morphology of BP allows us to expand upon previous findings by: (i) 
addressing the extent to which gender and number features modulate SBI effects, as both cues 
are overtly expressed on wh-remnants, and (ii) replicating the Locality Bias on interference using 
a non-English language. We hypothesized that (i) any morphological feature that is overtly shared 
between competing correlates and a retrieval cue will contribute to SBI effects, which (ii) will 
increase when the target correlate violates the Locality Bias [2,3]. 
Self-paced reading experiments. In two experiments, we used a 2x2 design crossing Locality 
(Local, Non-Local) and Distractor Cue (Match, Mismatch). Participants read 24 sluices, provided 
an acceptability rating (1-7), and selected which whether the Local or non-Local noun was the 
correlate to the remnant. In all items, the target correlate was an indefinite animate noun and the 
distractor was a definite animate noun (Tables 1-2). In Experiment 1 (N=32), the wh-remnant 
was overly marked for gender (quais deles/delas – which ones of themM/F). In spillover and final 
regions, we observed a processing penalty for distractors with the same morphological gender as 
the target (p’s<0.05), as well as an interaction between Locality and gender cue match (p’s<0.05), 
indicating a penalty for non-Local targets that matched in gender with the distractor. In 
Experiment 2 (N=12) the wh-remnant was only overtly marked for number (qual/quais – which 
SG/PL). In the spillover region, there was a penalty for violating the Locality Bias (p<0.01). The final 
region showed a penalty for number cue match (p<0.05) and the expected penalty for non-local 
targets that matched in number with the distractor (p<0.05). In both experiments, offline 
comprehension question accuracy decreased when the Locality Bias was violated (p’s<0.01) and 
distractor cues matched with the target (p’s<0.01), but there were no interactions. 
Conclusions. Our results show that both gender and number are reliable retrieval cues in BP 
and support the claim that structural biases modulate similarity-based interference effects in 
ellipsis structures, thus supporting our initial hypotheses. However, gender cues were associated 
with earlier effects of SBI than number cues, suggesting that these features do not have equal 
status in retrieval. Our findings align with previous studies showing that the amount of information 
contained in a retrieval cue affects the strength of retroactive SBI effects, as well as the time-
course in which these effects appear, whereby SBI effects are seen earlier for highly informative 
retrieval cues [2,3]. The time-course differences found in the present study may indicate that 
gender is more informative in BP than number, speeding retrieval of the correlate. Overall, our 
findings suggest that the retrieval mechanism is sensitive to fine-grained linguistic information and 
that not all cues are equally relevant at the point of retrieval. 
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Na empresa nova/... At the new company/...
Object Correlate – Gender Match Subject Correlate – Gender Match

...as empreendedoras/ demitiram/ algumas funcionárias...
 the entrepreneurs F. PL./ fired/ some employees F. PL.

...algumas empreendedoras/ demitiram/ as funcionárias...
some entrepreneurs F. PL./ fired/ the employees F. PL.

2. Object Correlate – Gender Mismatch Subject Correlate – Gender Mismatch

...os empreendedores/ demitiram/ algumas funcionárias...
the entrepreneurs M. PL./ fired/ some employees F. PL.

...algumas empreendedoras/ demitiram/ os funcionários...
some entrepreneurs F. PL./ fired/ the employees M. PL.

...mas eu não posso dizer/ quais      delas                         /     pois tenho medo/    de ser demitido tambem.

...but I can't say              / which PL. ones of them F. PL. /       as I am afraid.   /      of getting fired as well.

Na empresa nova/... At the new company/...
Object Correlate – Number Match Subject Correlate – Number Match

...os empreendedores/ demitiram/ algumas funcionárias...
the entrepreneurs M. PL./ fired/ some employees F. PL.

...algumas empreendedoras/ demitiram/ os funcionários...
some entrepreneurs F. PL./ fired/ the employees M. PL.

2. Object Correlate – Number Mismatch Subject Correlate – Number Mismatch

...o empreendedor/ demitiu/ algumas funcionárias...
the entrepreneur M.SG./  fired/ some employees F. PL.

...algumas empreendedoras/ demitiram/ o funcionário...
some entrepreneurs F. PL./ fired/ the employee M. SG.

...mas eu não posso dizer/ quais,      /     pois tenho medo/    de ser demitido tambem.

...but I can't say              / which PL.,/       as I am afraid.   /      of getting fired as well.

Materials from Self-Paced Reading Experiments 
“/” indicates analysis region – critical, spillover and final regions in bold 
Table 1: Sample item from Experiment 1 (from 24 quartets) - “/” indicates analysis region 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Sample item from Experiment 2 (from 24 quartets) - “/” indicates analysis region 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:                                                                  Figure 2: 
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Harris, J. A. (2015). Structure modulates similarity- based interference in sluicing: An eye tracking study. Frontiers in 
psychology, 6.; [3] Harris, Jesse A. (2019). Alternatives on demand and locality: Resolving discourse-linked wh- phrases in 
sluiced structures. In: Clifton, C., Fodor, J.D., & Carlson, K. Grammatical Approaches to Language Processing - Essays in 
Honor of Lyn Frazier. Springer Studies in Theoretical Linguistics.; [4] Van Dyke, J. A., & Lewis, R. L. (2003). Distinguishing 
effects of structure and decay on attachment and repair: A cue-based parsing account of recovery from misanalyzed 
ambiguities. Journal of Memory and Language, 49(3), 285-316 



Is explicit teaching of second languages always helpful? An artificial language study 
Hiroko Yamashita (Rochester Institute of Technology) &  

Franklin Chang (Kobe University of Foreign Studies) 
hxygsl@rit.edu 

 
Second languages (L2) are typically taught through explicit classroom instruction, while first 
languages (L1) are often learned implicitly in natural situations.  There is still debate about the 
role of explicit and implicit learning in L2 acquisition (Klapper & Rees 2003).   
  
To examine this issue, we used an artificial language learning task that allowed us to examine 
language learning under controlled conditions.  We manipulated whether or not participants 
were given explicit teaching about the language before they were exposed to the language.  
Since L1 and L2 similarity can be an important factor in language learning (e.g., Lado, 1957; 
Yamashita, 2008) and could interact with the type of teaching (e.g., explicit teaching may be 
more important for languages that are different from the L1), we also varied similarity of the 
artificial language to the learner’s L1.   
 
Thirty-five undergraduates participated in an artificial language learning study consisting of 
twenty-four words (eight animate NPs, eight inanimate NPs, eight transitive verbs) and two 
case-markers (NOM and ACC).  The design crossed L1 similarity (similar/dissimilar) and overt 
instruction of grammar (yes/no).  The subjects were monolingual speakers of Japanese, an 
SOV language with case markers attached after arguments.  Figure 1 shows the similar and 
dissimilar structures they learned.  
 
In two sessions separated by one/two days, subjects were exposed to the language through a 
computer program that played audio with images.  They learned words by repeatedly listening 
to each word with corresponding picture and repeating it, then learned a transitive sentence 
structure by listening to and repeating multiple spoken sentences with corresponding image on 
the screen (Figure 1).  The implicit group received no instruction before exposures to sentences, 
while the explicit group saw a PowerPoint slide where they were taught about the case-markers 
and the position of noun and verb categories.  On both days, they were tested for the mastery of 
vocabulary by production, comprehension by listening, and production by describing sentences 
that match images.  All received feedback on comprehension trials from the program; feedback 
on vocabulary and production trials were given by the experimenter. 
 
We created a production score which represented the similarity of the produced and target 
utterance (5=perfect).  Mixed models were fit to this score using language type (VSO/SOV) and 
day (1,2).  The VSO language was learned better than the SOV language (β=0.47, p=0.040) 
and the performance on day 2 was higher than on day 1 (β=0.68, p<0.001) (Figure 2).  
Furthermore, performance on day 2 was higher for VSO overall compared to SOV (β=0.38, 
p=0.0063).  Finally, there was a three-way interaction (β=0.7, p=0.0094), where the day 2 
improvement was not seen for SOV in the instructed condition. 
 
The results show that the L1 dissimilar language (VSO) was learned equally well from pure 
exposure or with additional explicit instruction.  The L1 similar language (SOV) was also learned 
well from pure exposure.  But surprisingly, we found that explicit instruction appears to 
negatively impact the learning of the SOV language.  Possible reasons for this may be that 
explicit instruction has caused participants to depend heavily on explicit L1 knowledge and they 
did not carefully learn the constraints in the language, or their L1 knowledge caused competition 
in lexical retrieval in the production process.   
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Icons were used to depict nouns and verbs 
Arrow signaled the roles in the event 
 
 
 ‘doctor kisses woman’ 
Dissimilar 
(VSO) 

sonmi koko ludo  nunu    sanato  
kiss  NOM  doctor ACC  woman 

Similar 
(SOV) 

ludo  koko sanato  nunu  sonmi 
doctor NOM  woman ACC  kiss 

 
 

 
Figure 1: Production stimulus for ‘doctor kisses woman’ with sentences in each language. 
 

 
 
Figure 2: Production Scores for instructed and uninstructed condition for both SOV/VSO 
languages. 
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L2 learners can predict during complex sentence processing  
Eunjin Chun (The Hong Kong Polytechnic University), Joshua Daniels, Chenyue Zhao, & Edith 
Kaan (University of Florida) 
eunjin.chun@polyu.edu.hk 
 

Recent studies have shown that proficient L2 listeners are able to predict upcoming 
linguistic information to the same extent as L1 listeners during simple phrase or sentence 
processing [1, 2, 3]. These findings may suggest that L2 listeners use the same mechanisms as 
L1 listeners for prediction under certain conditions [4]. Yet, it has not been fully specified under 
which conditions L2 listeners can use predictive mechanisms. In order to further address this 
issue, we investigated whether advanced L2 listeners make predictions while processing 
complex constructions (i.e., in a more cognitively taxing condition than processing simple 
constructions tested so far). Given that L2 processing is inherently more taxing than L1 
processing [4] and that prediction in L1 as well as L2 is delayed by cognitive load [3], predicting 
during complex sentence processing may overburden L2 listeners, which may lead them to be 
relunctant to actively predict or cause them to compromise prediction. On the contrary, it is also 
possible that advanced L2 listeners would predict even during complex sentence processing if 
they have sufficient cognitive resources. In contrast with an Ito et al. (2018) study which 
imposed an external load on sentence processing via an additional task, the cognitive load in 
this study is internal to sentence processing. Investigating prediction during complex sentence 
processing therefore would help us understand L2 prediction under cognitive load in a single 
task condition and will shed more light onto the extent of L2 prediction in more cognitively 
challenging situations of real-life L2 use.  

As prediction during simple sentence processing has been well replicated in the previous 
studies thus far, this study exclusively focused on comparison between L1 and L2 listeners’ 
prediction while processing relative clause (RC) sentences with a complex noun phrase (e.g., I 
meet the father of the boy that will ride/need the bike). During incremental computation of input, 
this type of sentence is known to be hard and resource-demanding for both L1 and L2 speakers 
[6]. In an eye-tracking study with a visual world paradigm, we measured listeners’ prediction 
using their anticipatory eye fixations during sentence processing. Participants were instructed to 
look at a visual display (see Fig. 1) and listen to RC sentences containing either a semantically 
biasing verb (e.g., ride, Biasing condition) or a neutral one (e.g., need, Neutral condition). Then, 
they needed to click the last mentioned object on the visual display.  

We analyzed data from 21 advanced Mandarin L2 learners of English and 24 native 
English speakers. Fig. 2 plots the proportions of fixations on targets (e.g., bike) between the 
Biasing and the Neutral condition in L1 listeners (left panel) and L2 listeners (right panel). As 
shown in Fig. 2, the fixations on targets in both groups started to differ between two conditions 
upon hearing the target verb. This pattern was confirmed by statistical analyses on log-
transformed fixation proportions on targets from 200ms after the onset of the verb until 200 ms 
after the onset of the target noun. There was no main effect of Group (dummy coded, L1 as the 
reference group vs. L2) or any interaction effect between Group and Condition (contrast coded, 
Biasing vs. Neutral). However, there was a significant main effect of Condition; both groups of 
participants showed significantly more fixations on the targets in the Biasing condition than in 
the Neutral condition (b = 1.46, SE = 0.37, t= 4.01, p = .0001).  

The results from L1 listeners were consistent with previous findings, indicating that 
native speakers of English are able to predict upcoming information and show anticipatory looks 
on the items during complex sentence processing [5]. More surprisingly, L2 listeners also 
showed prediction while processing complex sentences, namely, even in a cognitively taxing 
condition. These results not only further specify the conditions under which L2 listeners can 
make predictions, but also provide more evidence for the claim that L2 listeners use the same 
mechanisms for prediction as L1 listeners. 
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Fig. 1. An example of a visual display 
 

  
Fig. 2. Fixation proportions on the target objects (e.g., bike) between the Biasing and Neutral 
condition in L1 listeners (left panel) and L2 listeners (right panel). Time 0ms: the onset of the 
verb. The solid vertical line: the onset of the target noun. (error-bars: SE around the mean) 
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WR�PRUSKHPH�ERXQGDULHV�DLG�LQ�WKLV�DXWRPDWLF�GHFRPSRVLWLRQ��ZRUGV�ZKLFK�DUH�QRW�UHDO�UHGXSOLFDQWV�
EXW�DSSHDU�WR�EH�VXSHUILFLDOO\�GXH�WR�WKHLU�DSSOLFDWLRQ�RI�SKRQRORJLFDO�UXOHV�DUH�DOVR�GHFRPSRVHG��
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A role for Theory of Mind in the N400 differentiating mental and physical metaphors
Paolo Canal (IUSS, Pavia), Luca Bischetti (IUSS, Pavia), Chiara Bertini (SNS, Pisa), Irene Ricci

(SNS, Pisa), Serena Lecce (University of Pavia) and Valentina Bambini (IUSS, Pavia)
paolo.canal@iusspavia.it

We  studied  the  processing  differences  underlying  the  comprehension  of  two  types  of
metaphors,  namely  those  in  which  the  lexical  properties  of  the  concept  promoted  in  the
figurative meaning are physical  (Phys),  e.g.,  dancers are butterflies,  or  mental  (Ment),  e.g.,
teachers are books. Investigating if and how these two types of metaphors differently tap on
Theory of Mind (ToM) skills was the primary aim of this work, to shed new light on the debate
over the role of ToM in figurative language [1;2]. Based on the ERP literature, we assumed that
metaphor comprehension involves i) a stage of semantic processing (reflected in the N400 [3;4])
associated with the search in the semantic space for the metaphor-relevant properties of the
lexical  concept,  and  ii)  an  inference-based  stage  (reflected  in  the  P600  [5])  in  which  the
intended meaning is derived. Although both Ment and Phys metaphors should rely on the same
mechanisms outlined above, we expected differences due to the recruitment of partially non-
overlapping brain regions devoted to the retrieval and handling of physical vs. mental contents.
Also, we hypothesized (as registered in OSF) that individuals with higher ToM may: a) have
better access to the psychological properties of the lexical concepts, and thus be facilitated in
the first processing stage of Ment (but not Phys) metaphors (Type by ToM interaction in the
N400); or b) be better at deriving the speaker’s meaning when mentalistic contents are involved
(Type by ToM interaction in the P600); or c) be better at deriving the speaker’s meaning in
general (no Type by ToM interaction). We tended to favor a) or b), since a relation between
Ment (but not Phys) metaphors and ToM scores has been observed in children [6], suggesting a
specific ToM involvement for Ment metaphors. The EEG was recorded from 35 participants (20
F, 23.6 y.o.), who also completed the Reading the Mind in the Eye (RMET [7]), as a measure of
mentalizing skils. We created an initial set of 155 metaphors based on the “Xs are Ys” structure,
with Xs denoting human and Ys denoting concrete non-human entities associated with Xs on
the  basis  of  physical  or  mental  characteristics.  We  collected  (N=53)  scores  for  aptness,
familiarity, physical and mental characteristics (i.e., how much each metaphor refers to physical
and to mental properties). We further selected 89 metaphors that had the highest Ment (44) and
Phys (45) scores, while being comparable for aptness (4.86 vs 4.72, t<1) familiarity (4.36 vs
4.19, t<1) and log frequency (1.40 vs 1.28, t=1.12, ns). No control condition was used. After pre-
processing (0.1-40Hz band-pass filter; 15% of artifact rejection rate) we carried out a single trial
analysis of ERP using LMM, in the N400 [300-500ms] and the P600 [500-800ms] time-windows.
ERP voltages to Phys metaphors were more negative than to Ment in the N400 time window
[Central: -0.63µV, t=-2.68, p<0.01; Parietal: -0.63µV, t=-2.00, p<0.05]. In the P600 time window,
the negative difference between conditions was no longer significant [Central: -0.58µV, t=-1.53,
p>0.1; Parietal: -0.47µV, t=-1.34, p>0.1]. See Figure 1. Crucially, participants with higher RMET
scores showed less negative N400 (β=+0.69), but the slope of RMET was more pronounced
(β=+0.38, t=2.03, p<0.05) for Ment (β=+0.88) rather than Phys (β=+0.50) metaphors. The larger
N400  for  Phys  metaphors  indicates  that  the  processing  differences  with  Ment  concern  the
search for metaphor-relevant properties in the semantic space, rather than the final derivation of
the intended meaning. ToM skills modulated these differences, matching the hypothesis in a).
Notably,  the  larger  N400  to  Phys metaphors  resembles  the larger  N400  often reported  for
concrete vs. abstract words [8],  and further suggests that N400 “concreteness” effect is not
limited to single words but extends to metaphors, when these refer to physical and possibly
highly imagistic aspects [9]. Furthermore, the effect of RMET on the N400 suggests that ToM
skills  may make the search for  the metaphor-relevant  properties of  the lexical  concept less
demanding, especially when metaphors involved mental contents. Considered against the larger
debate over the role of ToM in pragmatics [2], these data point to a relationship that depends on
the specific mentalistic content of the figurative expression.
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Figure 1. ERPs from a set of 9 representative electrodes and scalp-maps of the differences 
between ERPs in the two conditions(300 to 500 ms on the left; 500 to 800 ms on the right).
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Sensitivity to Stroop interference facilitates anticipation-driven comprehension 
 
Hongoak Yun (Jeju National University) & Eunkyung Yi (Seoul National University) 
oaktreepark@gmail.com 
 

The presence of the Stroop effect has often been known as an indicator of automatic semantic 
access (Raz et al., 2002). However, the sensitivity to Stroop interference failed to predict the goodness of 
semantic integration ability during sentence comprehension, where syntactic and semantic interferences 
were manipulated in the processing of English relative clauses (Tan et al., 2017). We attempt to show 
that those more vulnerable to Stoop (in other words, more automatic to semantic access) show less 
difficulty in the processing of upcoming information.  

It is well known that readers’ active use of given lexical/structural information and event 
knowledge are highly likely to elicit anticipatory processing of yet-to-be-encountered information. 
We speculate that the anticipation-driven processing represents the automatic process of 
sentence comprehension and that the goodness for anticipation-driven comprehension might 
differ as a function of readers’ sensitivity to semantic access rather than a function of readers’ 
WM storage capacity. By conducting two studies (picture description and self-paced moving 
window reading comprehension) and two cognitive tasks (Stroop and Reading span tasks), we 
demonstrated that the differences of readers’ sensitivity to Stroop led to significant prediction on 
crucial variations on the predicative use of lexical and structural information during sentence 
comprehension. 

For our aim, we used Korean recipient/source constructions, as indicated in sentences 
(1-4), which contain three thematic roles (agent, recipient or source, and theme). Note that a 
recipient/source argument can syntactically precede or follow a patient argument, as in 
sentences (1 vs. 2) and (3 vs. 4), and that the postposition, -eykey, is semantically ambiguous, 
marking either a recipient or a source argument. First, in order to detect the likelihood 
distribution of possible choices at upcoming positions, we conducted a picture description study 
in which participants were required to describe an event drawn in a who-did-what-to-whom 
picture. Second, a self-paced moving window reading comprehension was conducted to 
measure the difficulty of sentence comprehension. Finally, participants’ cognitive capacit ies were 
measured in two cognitive tasks (Stroop and Reading Span)    

Our results are as follows: First, the results of the picture description task revealed that 1) 
the order of recipients/sources followed by themes (95%) was predominant in comparison to the 
order of patients followed by recipients/sources (5%) and 2) the sense for -eykey was 
predominantly biased toward recipients (52%) rather than sources (25%). The outcomes 
strongly suggested that readers highly expect to encounter themes at R4 after reading recipients 
or sources at R3 and to encounter give-type verbs rather than receive-type verbs at R5. Second, 
we used role-order type and Stroop score as fixed factors to test RTs obtained from R3, R4, and 
R5 while subjects and items were submitted as random variables. The results from linear mixed-
effect regressions (Table 2) yielded that 1) the effect of Stroop score on RTs appeared at R3, 
meaning that those with higher Stroop scores read faster nouns at R3. 2) Also, the significant 
interaction between Stroop scores and role types occurred at R4, indicating that themes 
following recipients were read faster than recipients and sources following themes only for those 
with higher Stroop scores. 3) The effect of Stroop score remained at R5 in the same way that we 
observed at R3; the higher Stroop score leads to faster RTs of verbs in which the ambiguity of 
roles associated with -eykey was resolved. Those with high Stroop scores felt easier to integrate 
verbs into sentences, in other words, to resolve the ambiguity of role integration. Models using 
Reading-span scores showed no significant results at any regions. 

In sum, our results suggest that automatic semantic access, indicated by Stroop 
performance, could help readers to maximally utilize available information in the processing of 
upcoming information even prior to encountering it.  
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Table 1. A set of example stimuli 
 Condition R1 R2 R3 R4 R5 R6 
(1) Recipient>Patient 

Giving verb 
 
 
 
 
Cengweni-
ka 
Cengweni-
NOM 

Pokyengi-
eykey 
Pokyengi-
DAT 

swuhak-ul 
Math-
ACC 

 
 
 
 
yelsimhi 
hard 

 
 
kaluchi-
nun 
teach 

 
 
 
 
cwungita 
be -ing 

(2) Patient>Recipient 
Giving verb 

swuhak-ul 
Math-ACC 

Pokyengi-
eykey 
Pokyengi-
DAT 

(3) Source>Patient 
Receiving verb 

Pokyengi-
eykey 
Pokyengi-
DAT 

swuhak-ul 
Math-
ACC 

 
 
paywu-
nun 
learn 
 

(4) Patient>Source 
Receiving verb 

swuhak-ul 
Math-ACC 

Pokyengi-
eykey 
Pokyengi-
DAT 

 
Table 2. Results from linear mixed-effect regressions on RTs at R3, R4, and R5 
  Estimate S.E. t-value 
R3 Intercept 540.68 41.61 12.99* 

(1)-(2) 14.00 42.37 .33 
(1)-(3) -15.76 42.17 -.37 
(1)-(4) 13.76 42.38 .33 
Stroop score -105.44 42.49 -2.48* 
(2)*Stroop Score 55.92 48.91 1.14 
(3)*Stroop Score 28.92 48.08 .60 
(4)*Stroop Score 46.14 48.89 .94 

R4 Intercept 469.02 32.85 14.28* 
(1)-(2) 60.19 34.44 1.74 
(1)-(3) 6.96 34.93 .20 
(1)-(4) 95.18 35.46 2.68* 
Stroop Score -38.11 34.01 -1.12 
(2)*Stroop score -87.37 39.69 -2.20* 
(3)*Stroop Score -24.15 39.59 -.61 
(4)*Stroop Score -100.46 40.21 -2.50* 

R5 Intercept 474.65 36.72 12.93* 
(1)-(2) 8.83 33.72 .26 
(1)-(3) 24.79 33.82 .73 
(1)-(4) 61.58 34.18 1.80 
Stroop Score -92.29 35.63 -2.59* 
(2)*Stroop score 1.39 39.02 .04 
(3)*Stroop Score 53.85 38.45 1.4 
(4)*Stroop Score 17.15 38.67 .44 

* If the absolute t-value of a fixed factor was over 2, the effect of the factor was considered to be 
significant at α < .05, marked with * (Gelman & Hill, 2007). 
 
References: 
Gelman, A., & Hill, J. (2007). Data analysis using regression and multilevel  hierarchical models. New 

York: Cambridge University Press. 
Tan, Y., Martin, R., & Van Dyke, J. (2017). Semantic and Syntactic Interference in Sentence 

Comprehension: A Comparison of Working Memory Models. Frontier in Psychology, 8:198. doi: 
10.3389/fpsyg.2017.00198. 



Topicalization modulates the processing of a new topic in Chinese concession: An eye-
tracking study 
Siqi Lyu (Beihang University), Jung-Yueh Tu (Shanghai Jiao Tong University) & Chien-Jer 
Charles Lin (Indiana University Bloomington) 
siqilv@buaa.edu.cn 

Introduction. As a topic-prominent language (Li & Thompson 1981), Chinese features a special 
double-subject structure [NP1 NP2 PREDICATE] like (1), where NP1 serves a topic that holds a 
part-whole relation with NP2. While processing new topics in discourse induces greater difficulty 
(Hyönä 1995; Hirotani & Schumacher, 2011; Hung & Schumacher, 2012), it is less clear 
whether and how the processing of a new topic interacts with topicalization in discourse. The 
present study investigates the processing of topic in Chinese concessive sentences, which are 
expressed by paired connectives like (2), where the NPs in the two clauses (C1 and C2 
hereafter) form a contrastive relation (Li 1924). We investigate how the processing of a new 
topic in C2 of concession is modulated by the topicalization of NP1 in C1. 
Method. An eye-tracking experiment (N = 40) was conducted with topic shift (old vs. new) and 
topic saliency (salient vs. unmarked) being manipulated (Table 1). Topic shift was manipulated 
by keeping a continuous topic (S2) or switching to a completely new topic (T2) in C2. Saliency 
was manipulated by placing the NP1 before (condition salient) or after (condition unmarked) the 
concessive connective suiran ‘although’. The stimuli consisted of a context sentence and the 
target sentence, presented consecutively on two pages controlled by the participants 
themselves. 
Results. Linear mixed models with topic shift and topic saliency as fixed effects and subjects 
and items as random effects were fitted to the eye-movement measures of log-first pass 
duration, regression-in count, log-total reading time and total fixation count in each of the 
interest areas (Table 2). Any interactions were followed by further tests on 1) the effect of topic 
shift in each level of saliency and 2) the effect of topic saliency in each level of topic shifting.  
As predicted, we found the main effect of topic shifting in various regions on different measures 
(ps < .05). Importantly, however, we found a significant interaction on the total fixation count in 
Region 1 (β = 0.39, t = 1.96, p ≤ .05), with further tests showing significantly more fixations on 
the new topic only in topic-salient sentences (β = -0.30, t = -2.01, p < .05) but not in topic-
unmarked ones (β = 0.07, t = 0.55, p > .1). Marginal significant interactions were observed on 
the total reading time (β = 0.14, t = 1.76, p < .1) and total fixation (β = 0.30, t = 1.73, p < .1) at 
the post-critical regions (Region 3), showing that despite topic shifting had an effect on both 
salient and unmarked conditions with a new-topic-disadvantage, the effect size in salient 
conditions (total reading, β = -0.29, t = -5.19, p < .001; total fixation, β = -0.57, t = -4.51, p 
< .001) were significantly larger than in unmarked sentences (total reading, β = -0.16, t = -2.77, 
p < .01; total fixation, β = -0.28, t = -2.40, p < .05). Further tests on the effect of topic saliency 
revealed that when encountering a new topic, participants had greater difficulty in processing 
salient sentences than unmarked ones (ps < .05), but no such effect was observed in old-topic 
conditions (ps >.1). 
Discussion. The significant interactions we found clearly showed that participants had greater 
difficulty in processing new topics when NP1 was topicalized. While building cohesive mental 
representations, comprehenders use the first words (i.e. the topic in our study) to lay 
foundations for their mental representations of larger units such as sentences and paragraphs 
(Gernsbacher, 1995). The topicalized NP1 in C1 of concession lays the foundation for the whole 
structure and thus it is more cognitively demanding when the upcoming NP in C2 is completely 
new.  
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(1)  [1���]Topic  [ [.-]Subject  [���]Predicate] Comment� 
 nagejiezhi  sheji   hentebie 
 that ring  design   very special 
 ‘(In terms of) that ring, it has a very special design.’ 
(2) ,� ��  	� �� 
 suiran   danshi  
 although  but 
 
 
Table 1. Examples of stimuli 
Context: 
�)���20/(����!�����'�*��3� 
‘Xiaomei was shopping for her wedding. She browsed the ring, the wedding dress, the ear ring and the bracelet.’ 

 
Target sentences: 

 IA_1    IA_2 IA_3   
Salient-old 
��� 
she finds 

[1���]T1,� 
that ring although 

[.-]S1 
design  

���� 
very special 

	 
but 

[
�]S2 

workmanship 
�%+� 

unsophisticated 
!#�$&� 

looks coarse 
"� � 
such a pity 

Salient-new 
��� 
she finds  

[1���]T1,� 
that ring although 

[.-]S1 
design  

���� 
very special�

	�
but 

[�']T2�

wedding dress 
�%+��

unsophisticated 
!#�$&� 

looks coarse�
"� � 
such a pity�

Unmarked-old 
��� 
she finds  

,�[1���]T1 

although that ring 
[.-]S1 
design  

���� 
very special�

	�
but 

[
�] S2 

workmanship 
�%+��

unsophisticated 
!#�$&� 

looks coarse�
"� � 
such a pity�

Unmarked-new 
��� 
she finds  

,�[1���]T1 

although that ring 
[.-]S1 
design  

���� 
very special�

	�
but 

[�']T2�

wedding dress 
�%+��

unsophisticated 
!#�$&� 

looks coarse�
"� � 
such a pity�

‘She found that although that ring had a very special design, its workmanship / the wedding dress was not exquisite. It looked coarse. It was 
such a pity.’ 

 
 
Table 2. Linear mixed models results 

 IA_1 IA_2 IA_3 
 Coef. SE t Coef. SE t Coef. SE t 
First pass          
Topic shift 0.05 0.05 1.05 -0.03 0.04 -0.65 -0.08 0.04 -1.96* 
Topic saliency -0.02 0.05 -0.54 0.01 0.04 0.25 -0.06 0.04 -1.65. 
shift × saliency -0.03 0.06 -0.43 0.01 0.05 0.13 0.00 0.06 0.05 
Regression in          
Topic shift -0.05 0.03 -1.65. -0.02 0.04 -0.46 - - - 
Topic saliency -0.06 0.03 -1.76. -0.01 0.04 -0.32 - - - 
shift × saliency 0.07 0.05 1.42 -0.02 0.06 -0.42 - - - 
Total reading          
Topic shift -0.09 0.05 -1.95. -0.16 0.05 -3.11** -0.30 0.06 -5.22*** 
Topic saliency -0.15 0.05 -3.25** -0.02 0.05 -0.42 -0.13 0.06 -2.39* 
shift × saliency 0.09 0.06 1.38 0.05 0.07 0.76 0.14 0.08 1.76. 
Total fixation          
Topic shift -0.32 0.14 -2.21* -0.31 0.10 -3.15** -0.57 0.12 -4.74*** 
Topic saliency -0.53 0.14 -3.72*** -0.03 0.10 -0.31 -0.28 0.12 -2.41* 
shift × saliency 0.39 0.20 1.96* 0.13 0.14 0.97 0.30 0.17 1.73. 

Note: p*** < .001, p** < .01, p* ≤ .05, p. < .1 
 
 
References: 
[1] Li & Thompson 1981. Berkeley, University of California Press. [2] Hyönä 1995. Journal of 
Experimental Psychology. [3] Hirotani & Schumacher. 2011. Journal of Neurolinguistics. [4] 
Hung & Schumacher. 2012. Neuroscience Letters. [5] Li 1924. Beijing, The Commercial Press. 
[6] Gernsbacher. 1995. In Britton & Graesser (eds). 



Beat gesture increases cognitive load during online contrastive reference resolution 
Laura M. Morett (University of Alabama), Jennifer Roche (Kent State University), Scott H. 
Fraundorf (University of Pittsburgh), & James C. McPartland (Yale University) 
lmorett@ua.edu 
 
Introduction. In natural conversation, multiple cues to talker’s intent are available, including 
both auditory and visual cues (e.g., gesture, lip movements) [1-2]. The availability of such multi-
modal cues raises the question of how they affect effort in comprehension: On one hand, pro-
cessing cues beyond speech might increase cognitive load; on the other hand, additional cues 
to talker meaning might ease comprehension. Here, we use pupillometry to test these compet-
ing hypotheses in the context of viewing beat gesture during processing of spoken contrastive 
referring expressions. Prior work has shown that, relative to hearing presentational pitch accent, 
hearing contrastive pitch accent (CPA) used in conjunction with contrastive referring expres-
sions decreases pupil size [3], consistent with evidence that pupil size increases are positively 
correlated with the difficulty of interpreting linguistic cues (e.g., connectives) during online sen-
tence comprehension [4]. Here, we examine whether (a) viewing beat gesture exerts a similar 
effect during comprehension of spoken contrastive referring expressions and (b) whether any 
such effects were modulated by the felicity of beat gesture in context. 
 
Methods. Participants (N = 40) performed a visual world task in which they heard pairs of 
sentences consisting of a context sentence followed by a critical sentence (1-4). Each 
sentence was accompanied by a centrally-presented video clip of a talker and an array of 
colored shapes (Fig. 1). Beat gestures consisted of downward flicks of one hand, and the side 
on which they occurred was counterbalanced to avoid side biases and object contingencies. In 
experimental trials, half of critical sentences referred to objects contrasting with the context ob-
ject in color (1), and half referred to objects differing in both color and shape (2). Beat gesture 
and CPA were independently manipulated on the color adjective in these sentences. Experi-
mental trials were randomly interleaved with filler trials, in which half of critical sentences con-
trasted with the context sentence in shape (3), and half differed in neither color nor shape (4). 
Because pupil size can be influenced by light levels, ambient light was kept consistent across 
trials, video luminance was standardized, and arrays were counterbalanced across trials to con-
trol for any differences in luminance of objects included in arrays. Pupil size was standardized 
because our eyetracking system (SR Research Eyelink) measures pupil size variation in units of 
eye-to-camera distance rather than in standard units (e.g., mm). 
 
Results. Data were modeled with linear mixed-effect regression using the maximal random ef-
fect structures justified by the data for each model (R script: osf.io/ndh9r). A manipulation 
check using dwell time confirmed our analytic approach and ensured that participants attended 
to beat gesture: Participants spent more time looking at Targets in trials with beat gesture than 
in trials without beat gesture, (B = -0.03, t = -2.11, p = .04). The main analysis revealed that 
pupil size was larger in trials with beat gesture than without it (B = 0.02, t = 2.66, p = .008; see 
Table 1); however, pupil size did not differ by pitch accent or contrast type, and all interactions 
failed to reach significance. Additionally, pupil size decreased over time (B = -0.12, t = -2.24, p < 
.001) and reaction time was longer in trials with larger pupil size (B = 0.04, t = 4.13, p < .001). 
 
Discussion. The results reveal that viewing beat gesture increases cognitive load during online 
resolution of spoken contrastive referring expressions. Notably, the effect of viewing beat ges-
ture on cognitive load did not differ by contrast type (color vs. both), indicating that it reflects the 
intrinsic difficulty of integrating beat gesture with spoken contrastive referring expressions rather 
than the predictability or felicity of beat gesture in context. These findings suggest that, unlike 
auditory cues, visual cues may increase comprehenders’ cognitive load via multimodality. 
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Example sentences 
1. Color-contrast (experimental): Click on the blue triangle. à Now click on the red triangle. 
2. Both-contrast (experimental): Click on the blue square. à Now click on the red triangle. 
3. Shape-contrast (filler): Click on the red square à Now click on the red triangle. 
4. Neither-contrast (filler): Click on the red triangle à Now click on the red triangle again.  
 
 
Table 1. Mean (standard deviation) pupil size by emphasis cue. 
 
Emphasis Pupil Size  
Beat + CPA 
Beat 
CPA 
No Emphasis 

274.95 (88.47) 
273.55 (88.45) 
271.48 (86.04) 
269.53 (88.21) 

 
 
Figure 1. Screen layout for visual world task. (Object locations in array randomized for each trial 
and counterbalanced across participants.) 
 
 

 



When are gaps understood as symptoms or signals? 
John Michael Tomlinson (ZAS Berlin) & Ina Baier (HU Berlin) 

tomlinson@leibniz-zas.de 

Introduction. The way an utterance is delivered can have profound effects on speech 
processing [1]. One example of this are filled pauses (FPs) (um or uh). Listeners adjust their 
attention to upcoming speech based on FPs [2][3][4] as FPs are attributed to production 
difficulties [5]. In our investigation, we examine unfilled pauses at turn exchanges, e.g. gaps. 
Like filled pauses, gap lengths have been argued to be a symptom of production and 
comprehension mechanisms [6]. However, unlike filled pauses, gap lengths can also signal 
additional meanings, especially for polar (yes/no) responses: affirmative responses usually have 
shorter gaps, whereas “no” responses are preferred with longer gaps. [7] has argued that this is 
driven by sociolinguistic factors such as politeness for polar answers. Likewise, [8] has a similar 
explanation for the effect of gaps on scalar implicatures. An alternative explanation is that gap 
length is predicted by question bias: predictable answers should have shorter gaps, whereas 
less predictable ones should have longer gaps. However, often polar questions are often 
(~30-40%) not answered with response particles (yes/no)[9], hence rendering bias a less 
informative cue. Here, we test an additional explanation: gaps might carry meaning independent 
of biases and politeness factors. To do this, we tested how gaps affect the meaning of no 
responses (to negated antecedents) and scalar implicatures (SIs - trials with some (“einige”).  
Experiment. Thirty native German speakers collaborated with a confederate on an interactive 
picture-matching task (wizard of oz paradigm). Although the participants believed that the both 
they and confederate communicated over a live feed, the confederates responses’ were pre-
recorded and were cued after the participant read a question. Participants simultaneously saw 
an image depicting an answer and heard a confederate’s response, which either matched the 
picture or not (mismatch). The experiment had a 2 x 3 Latin-squared design with answer type 
(einige (some) vs. nein(no)) and pause type (no pause (NP), filled pause (FP), unfilled pause 
(UFP) as factors. All trials were embedded under different contexts and participants read a 
question with a positive antecedent (“Are the tomatoes crushed?”) for einigie (some) trials or a 
negative antecedent (“Are the tomatoes not crushed?”) for nein trials (“no” can either affirm 
negative antecedents or reverse them [10][11]). Both response (force-choice) as well as time-
course measures (mouse-tracking) were collected. An additional factor was answer type: match 
(yes responses when confederates responses matched the picture) and mismatch (no 
responses when confederates responses did not match the picture). Predictions. If responses 
(match v unmatched) for UFPs are processed similarly to tFPs, then UFPs are interpreted as 
symptoms of production. If their processing profiles differ across matches and unmatched, then 
this would show that UFPs are processed as signals.Results (SIs) Overall, participants’ showed 
implicature rates for SIs close to the control conditions (ceiling). Participants had more direct 
answers to target for einige (some) matched trials vs. mismatched trials for NPs (replicating 
delay for SIs), though this effect went away for both FPs and UFPs, t=4.6 p < .001. Results 
(no)Nein (no) trials showed much more variation, although differences across pause types were 
not statistically significant (p’s >.36). Participants’ mouse paths were more direct to targets than 
for matched trials with NPs and FPs than for unmatched trials, but this was the opposite for 
UFPs, t=2.92, p < .02. Discussion The data for that einige (some) trials were interpreted 
similarly to filled pauses. This was not the case for nein (no) trials: gaps (unfilled pauses) were 
more likely to bias towards interpreting nein as reversal (no) of the negative antecedent, i.e., no, 
the tomatoes are indeed crushed (equivalent to German doch), whereas participants in no 
pause and filled pause conditions had more direct responses to affirmative readings i.e., yes, 
the tomatoes are not crushed. Taken together, these findings suggest that in lack of strong 
question bias and politeness constraints, unfilled pauses are interpreted as hesitation markers 
for non-polar responses (some), but seem to carry meaning independently of these factors for 
polar answers, at least for no. Results from a second experiment testing the influence of 
prosody are currently being analyzed.  
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Hartgraves (2015). Some but not all preferred turn markers help to interpret scalar terms in polite contexts. Thinking & 
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Real-time spoken word recognition in sentences by adult and child cochlear implant 
users 
Kelsey Klein (University of Iowa), Ashley Farris-Trimble (Simon Fraser University), & Bob 
McMurray (University of Iowa) 
kelsey-e-klein@uiowa.edu 

Background. When processing speech, listeners must cope with temporary ambiguity. For 
example, at the start of a word sand-, it is unclear whether the target is sandal or sandwich. In 
response to this temporary ambiguity, normal hearing (NH) listeners activate multiple lexical 
candidates (Allopena et al., 1998; Marslen-Wilson, 1987). They then incrementally update this 
set as input accrues, until the target word is fully active and competitors are suppressed. The 
dynamics of real-time spoken word recognition are well-documented in NH listeners, but less is 
known about cochlear implant (CI) users, who may adapt these dynamics to cope with 
uncertainty and respond more flexibly to their impoverished input. Furthermore, prelingually deaf 
CI users (i.e., individuals who were born with hearing loss or lost their hearing prior to 
developing language) may differ from postlingually deaf CI users (i.e., individuals who lost their 
hearing after developing language) in word recognition dynamics. Farris-Trimble et al. (2014) 
found that with isolated words, postlingually deaf adult CI users process speech more or less 
incrementally. However, they are ~80 ms slower than NH adults to commit to the target and do 
not fully suppress phonologically overlapping competitors. McMurray et al. (2017) found that 
prelingually deaf adolescent CI users adopt a different strategy: they were even slower (250 ms) 
to commit to the target (than NH controls), and as a result showed less lexical competition. The 
additional delay and altered dynamics of prelingually deaf CI users may be because these 
individuals developed language via a degraded auditory signal, leading to more fragile lexical 
representations. It remains unknown how atypical word recognition dynamics manifest in 
sentences for both pre- and postlingually deaf CI users. We hypothesized that a small delay at 
the individual word level would compound across a sentence, leading to more pronounced 
effects on lexical competition when CI users listen to sentences rather than isolated words. 

Methods. Forty-nine postlingually deaf adult CI users and 20 NH adults participated in a visual 
world paradigm experiment. CI users included 21 participants with electric-only stimulation (E-
only) and 28 participants who combined a standard CI and a hearing aid (electric+acoustic or 
E+A stimulation). The E-only and E+A CI groups were analyzed separately to examine possible 
effects of access to acoustic hearing on the timecourse of spoken word recognition. Participants 
heard a target word within a neutral carrier phrase that differed each trial (e.g., On the screen, 
click on the sandal). On the screen were four pictures corresponding to the target, a cohort 
competitor (e.g., sandwich) and two phonologically unrelated items (e.g., necklace). Eye 
movements were monitored as participants heard the stimulus and selected the target picture. 

Results and Discussion. For target words, both groups of CI users showed large delays in the 
timecourse of fixations (~145 ms delay, p’s < .001, Figure 1 top) and lower maximum proportion 
of looks (p’s < .05) relative to NH listeners. Crucially, for cohorts, both groups of CI users 
showed delayed and reduced peak fixations relative to NH listeners (p’s < .01, Figure 1 bottom), 
after accounting for looks to unrelated items. The E-only and E+A CI groups did not significantly 
differ in their patterns of fixations to targets or cohorts (p’s > .5). 

Unlike words in isolation, these results suggest that in a sentential context, postlingually deaf CI 
users appear to wait until substantial auditory information is available before initiating lexical 
access. This delay leads to reduced competition from cohorts, because at this point there is 
more input to rule them out. This contrasts with the immediate and incremental processing 
shown by postlingually deaf CI users listening to isolated words. Because the carrier sentences 
lacked useful semantic information, the current results suggest that merely the presence of 
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additional spoken words is enough to alter the dynamics of word recognition in CI users. The 
findings have implications for clinical speech perception measures that use isolated words, 
which may underestimate the processing load experienced by CI users in running speech. 

Forthcoming Analyses. Data have also been collected for 15 prelingually deaf children with 
CIs and 20 children with NH (ages 7-17 years). Analyses will compare the fixation patterns of 
children with CIs and NH to examine the dynamics of word recognition in sentence contexts for 
this developmental sample. Children with CIs may show even more delayed lexical activation 
and reduced competition when listening to sentences than isolated words, similar to adults with 
CIs. Conversely, because children with CIs already show delayed lexical access and reduced 
lexical competition with isolated words, listening in a sentence context may have a minimal 
effect. Results will improve our understanding of how children with CIs cope with a degraded 
auditory signal when listening to running speech in everyday life.  
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Figure 1. Proportion of looks to target words, cohort competitors, and unrelated items (top), and 
proportion of looks to cohort competitors minus looks to unrelated items (bottom). Figures and 
analyses include only accurate trials. Only data from adult participants are plotted here. *p < 
.05, **p < .01, ***p < .001. NH = normal hearing, E+A = electric+acoustic stimulation, E-only = 
electric-only stimulation 



ERPs Reveal Predictive Activation of Word Form Features in Sensory Cortex 
Phillip M. Gilley, Leif Oines, Albert E. Kim 

Institute of Cognitive Science, University of Colorado, Boulder; Boulder, CO, USA   
phillip.gilley@colorado.edu 

 
Sentence comprehension is increasingly viewed as a process that actively predicts linguistic input rather 

than passively responding to the input after it arrives. Although this view is generally supported by numerous 
recent findings, much remains unknown about what information is predicted during sentence processing and 
by what neurocognitive mechanisms. We investigated how fine-grained predictions can be, asking whether 
people predict the sensory features of individual words.   

We developed a paradigm in which participants read sentences with words occasionally omitted from 
presentation. EEG activity during omitted word events provided evidence about predictions related to the 
omitted word. 26 young adult participants read 200 sentences like (1)-(2) below, one word at a time on a 
computer screen.  Each sentence contained a target noun that was predictable given its context. Half of the 
target nouns were short (range=3 to 6 characters; mean=4.5) and half were long (range=7 to 14 characters; 
mean=8.9). Each sentence could appear in full (present-word events) or with the target word omitted (omitted-
word events), leaving a crosshair in its place. 

 
1. Short target word sentence: The comedian told a joke and … 
2. Long target word sentence: Sherlock Holmes was a detective and … 

 
EEG was recorded from 64 scalp electrodes, and event related potentials (ERPs) were computed from 

epochs of EEG time-locked to the target word position for both present-word and omitted-word events. Our 
analyses focused on the P1 ERP, a widely observed visual sensory response over occipital-temporal 
electrodes, which has been associated with early stages of visual word recognition in numerous studies. The 
P1 amplitude, averaged over occipital-temporal electrodes and in a time window of 85 to 165 msec increased 
in proportion to the length of the eliciting word, for both present-word and omitted-word events. In the omitted 
word condition, because there was no bottom-up stimulus, we conclude that the correlation between brain 
activity and the omitted word’s physical properties (length) must reflect prediction of the word’s form features. 

We modeled the neural sources underlying these prediction-related ERP effects by conducting a 
spatiotemporal multidimensional scaling (MDS) analysis of the P1 ERPs, separately for each participant and for 
each of the four conditions. We aggregated the individual participants’ MDS analyses using a method known 
as DISTATIS, which yielded a constrained source space. For each participant, we computed an individual 
source signal, constrained by DISTATIS. Figure 1A shows the mean (across participants) power of the MDS-
scaled source signal projected to each of four target word conditions: Long(Present), Short(Present), 
Long(Omitted), and Short(Omitted), and Figure 1B shows the scalp distribution of each projected condition. 
Two important patterns were present in this source signal’s activity. First, the peak latency, t, was later 
(t(present)=130 msec; t(omitted)=145 msec) and peak magnitude, a, was smaller (a(present)=0.68; 
a(omitted)=0.51) for omitted-word events than present-word events. Second, the source signal’s activity was 
greater in magnitude for long than short words, for both present-word events (range=95 to 125 msec; 
median=110 msec; p<0.05) and omitted-word events (range=120 to 150 msec; median=135 msec; p<0.05). 
Shaded areas in Figure 1A highlight windows of consecutive significant long-vs-short differences, after testing 
at every time sample, for the present-word and omitted-word conditions. These effects of word length 
corroborate our observations of the P1 ERP described above. 

In order to explore the neuroanatomical systems underlying these effects of prediction, we modeled the 
neural generators of the P1 ERP sources described above using standardized low-resolution brain 
electromagnetic tomography (sLORETA). We then examined how the P1’s neural generators were affected by 
length by calculating the difference in activity between generators for short and long words in the present-word 
condition (L(P)-S(P)) and omitted-word condition (L(O)-S(O); Figure 2). Three neural regions showed significant 
effects of word length, whether the word was presented or not: 1) inferior parietal cortex, which has been 
associated with grapheme-to-phoneme mappings during visual word recognition; 2) inferior temporal cortex, 
which has been associated with visual word-form processing; and 3) medial parietal lobe, which is heavily 
interconnected with the medial-temporal lobe memory system and has been implicated in perceptual 
predictions. Our findings indicate that these regions are part of a neural network of mechanisms involved not 
only in the bottom-up response to a word but also in predictions about word-forms during comprehension.   
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Figure 1 (left). Mean source signal power for all participants 
across four target word conditions: L(P) (long present, gold), S(P) 
(short present, blue), L(O) (long omitted, magenta), and S(O) 
(short omitted, orange). The shaded regions represent 
consecutive significant differences between long and short target 
words (p<0.05, n-perms=1009, FDR corrected for comparisons at 
multiple time samples). The shaded green region represents the 
area between the L(P) and S(P) curves with consecutive 
significant differences in power, and the shaded pink region 
represents the area between the L(O) and S(O) curves with 
significant differences in power. The dashed lines and arrows 
represent the median significant latency values: L(P)-S(P) 
(range=95 to 125 msec, median=110) and L(O)-S(O) (range=120 
to 150 msec, median=135). The scalp maps (Figure 2) and brain 
source estimates (Figure 3) are plotted as the mean values within 
these significant ranges. 
 

 
Figure 2 (right): Topographic scalp maps of the mean P1 source 
signal for each of the four target word conditions and each of the two 
difference conditions. The upper colorbar represents the mean relative 
amplitudes (Lambda-bar) for all participants and the lower colorbar 
represents the mean difference amplitudes (Delta-bar) for the two 
comparisons conditions.  
 
Figure 3 (below): Mean estimated brain sources for L(P)-S(P) (95 to 
125 msec, left panel) and L(O)-S(O) (120 to 150 msec, right panel). 
Sources are shown in nine views as labeled below each brain image. 
Sources were computed for each P1 source signal from each 
participant using standardized low-resolution brain electromagnetic 
tomography (sLORETA) constrained to the pial surface of a realistic 
(3-shell BEM) head model using the ICBM159 averaged MRI. The 
colorbar represents the mean sLORETA T-values for all participants 
constrained to the upper 15% of all T-values (b ≥ 0.85). Three neural 
regions showed significant effects of word length and were identified 
by mapping the peak T-values to a co-registered model of the Desikan-
Killiany brain 
atlas: medial 
parietal (left 
and right), 
inferior parietal 
cortex (left and 
right), and 
inferior 
temporal cortex 
(left and right). 
Each 
significant 
region is 
delineated with 
a colored arrow 
as described in 
the figure 
legend and 
serves only for 
visualization. 

-0.6

-1

-0.4
-0.2

-0.5

0

0

0.2

0.5

0.4
0.6

1

6

R

S(P)

L(P)

L(P)-S(P)

S(O)

L(O)

L(O)-S(O)

Target Words Present
t = 95:125 msec

Sh
or
t W

or
ds

Lo
ng

 W
or

ds
Lo

ng
 M

in
us

 S
ho

rt

Target Words Omitted
t = 120:150 msec



Effects of frequency and simplicity in L2 English causative motion production  
Carol Chun Zheng, Josh Weirick & Elaine Francis (Purdue University) 
zheng66@purdue.edu 
 
A critical question for language production is how speakers choose a linguistic form over other 
options when describing a scene. Psycholinguistic studies have shown that the availability of 
different linguistic options to convey a particular message creates production difficulties, leading 
speakers to favor the most frequent and accessible forms (MacDonald 2013). While frequency 
and accessibility are understood to be important for both first language (L1) and second 
language (L2) speakers (Ellis 2002, 2016), relatively little is known about how they apply in L2 
production. The CASP (Complex Adaptive System Principles) model (Hawkins & Filipović 2013) 
predicts that L2 learners should prefer frequently-used forms, forms that resemble those in their 
L1 (‘positive transfer’), and/or structurally simple forms. The present study tests these 
predictions with causative motion expressions (e.g. She chased the dog into the house). 
 
Participants recruited in this study were students in an American university. In the elicitation 
task, participants were instructed to use a single sentence to describe 21 animated videos 
depicting causative motion. English responses were elicited from L1 English speakers (n=10) 
and L1 Mandarin L2 English speakers of high (n=11) and intermediate (n=17) proficiency, as 
determined by scores (over vs. below 70%) on the LexTale lexical decision task (Lemhöfer & 
Broersma, 2012). To establish a baseline for possible transfer effects, Mandarin responses 
were elicited from a separate group of L1 Mandarin speakers (n=10). Responses were coded 
for lexical expression of Path (simple, complex, none) and choice of structure (canonical, 
passive, MAKE construction).  
 
Results of L1 groups: Both L1 English and L1 Mandarin speakers consistently used simple 
Path (encoded by one lexical item), and rarely used complex Path (two lexical items), while the 
Mandarin group used the shorter form, null Path (no encoding) more often (Fig 1). Mandarin 
speakers used MAKE (agent-BA-patient-V) most frequently, followed by canonical transitive and 
passive (patient-BEI-agent-V). L1 English speakers used only canonical transitive and (rarely) 
passive (Fig 2). They did not use MAKE (periphrastic causative) at all. 
 
Results of L1 vs. L2 English groups: While group results for high and intermediate proficiency 
L2 English speakers are shown in the graphs (Fig. 3-4), there were no significant differences 
between the two L2 groups. Therefore, both groups were combined for comparison with the L1 
English group. L1 and L2 English speakers showed a difference in frequency of lexical options 
for Path (χ² = 22.68; p < 0.001). Both groups most often used a simple phrase (e.g. into the 
house) to express Path, an option which is highly available in English and Mandarin. However, 
the L2 group omitted the Path expression significantly more often than the L1 group, consistent 
with the prediction that L2 speakers should choose structurally simple forms (Fig. 3). The higher 
rate of null Path might also be related to transfer from Mandarin (Fig 1). Results showed no 
significant group differences for choice of syntactic structure (Fig. 4). Both groups avoided 
structures that are less frequent in English (passive and MAKE), suggesting that MAKE (BA-
construction), the most frequent option in Mandarin (Fig 2), is not similar enough to English 
MAKE (periphrastic causative) to facilitate positive transfer in L2 production.  
 
In summary, these results are consistent with the CASP model (Hawkins & Filipović 2013). In 
choice of syntactic structure, both L1 and L2 English speakers tended to use the most frequent 
forms from English, while no evidence of positive transfer from Mandarin was apparent. In 
choice of Path expression, L2 speakers used simpler structures more often than L1 speakers. 
Finally, level of L2 proficiency did not affect participants’ expression of causative motion. 
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Fig. 1             Fig. 3 
 
 

Fig. 2                         Fig. 4 
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Production training benefits both comprehension and production of grammatical gender 
agreement in L2 German 
Valérie Keppenne (The Pennsylvania State University), Elise W. M. Hopman (University of 
Wisconsin-Madison), & Carrie N. Jackson (The Pennsylvania State University) 
vxk57@psu.edu 
 
Recent memory research suggests that, at least at the single word level, language production 
provides a stronger learning experience than language comprehension due to the different 
memory processes involved (Karpicke & Roediger, 2008). Taking these findings, Hopman and 
MacDonald (2018) investigated the benefits of production training in an artificial language with a 
manipulation of learning condition (comprehension vs. production) followed by comprehension 
tests. The results showed that participants with production-based training were more accurate 
and faster on post-training comprehension tasks targeting semantic and number agreement 
features than participants with comprehension-based training. However, the generalization of 
production skills to the domain of comprehension in natural L2 learning remains contested 
(DeKeyser, 2007; VanPatten, 2013). Their study also did not test participants’ production 
abilities, despite possible differences compared to comprehension abilities. Furthermore, results 
from lab-based artificial language studies do not always replicate among actual beginning 
classroom-based learners (Paul & Grüter, 2016), especially because the grammatical feature 
paradigm of natural languages is often more complex than that of artificial languages.  
 To test whether findings from Hopman and MacDonald (2018) extend to classroom-
based learners, the present study adapts their training paradigm to test the learning of 
grammatical gender among beginning L2 learners. First-semester American L2 German 
learners received production- (N=21) or comprehension-based (N=20) training on grammatical 
gender assignment and agreement between articles, adjectives, and nouns (einMASC blauerMASC 
gepunkteterMASC Becher ‘a blue dotted cup’) for 15 non-cognate German nouns via computer-
based training. Both groups received equal amounts of auditory and written input with pictures, 
with training blocks progressing from simple noun phrases to blocks with full sentences. Each 
block of passive exposure was followed by a block of active learning: The comprehension group 
completed a sentence-picture matching task; the production group completed an oral picture-
description task (Figure 1). Immediately after training, both groups completed a forced-choice 
(FC) gender suffix comprehension task, an error monitoring task (EM), and a written picture-
description task, all targeting articles and gender agreement markers (Figure 2).  
 Post-training comprehension measures showed no significant reaction time differences 
between groups. However, significant differences emerged with regard to comprehension 
accuracy (Figure 3). For the FC task without nouns, the production group was more accurate 
than the comprehension group (M=82% vs. 69%, p=.002). For the EM task, the production 
group was significantly more accurate than the comprehension group, as measured by d’ scores 
(M=1.09 vs. 0.61, p=.02). Additional analyses of this task showed that for sentences with errors, 
performance differed according to error location: The production group was better at detecting 
mismatching articles than the comprehension group (M=70% vs. 60%, p=.001), and both groups 
had difficulties detecting mismatching gender suffixes on adjectives (M=29% vs. 26%, p=.24). 
The production test (Figure 3) revealed that although both groups struggled with gender 
assignment and agreement, the production group produced more matching article-adjective-
noun strings than the comprehension group (M=36% vs. 17%, p<.001).  
 We conclude that production-based training is more beneficial than comprehension-
based training for both the comprehension and production of grammatical gender and gender 
agreement among classroom-based L2 German learners. This largely replicates findings by 
Hopman and MacDonald (2018), and suggests that even in natural language learning, skills 
based on production training are transferable to the domain of comprehension despite the 
greater complexity of agreement paradigms in natural languages.  
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a) Training          b) Active Comprehension  c) Active Production 

 
Figure 1. Sample items in each trial type from the training procedure.  
 
 
a) Forced Choice Test               b) Error Monitoring Test             c) Production Test 

 
Figure 2. Sample items from the forced choice test, error monitoring test (mismatch trial), and 
production test. 
 
 

 
Figure 3. Mean accuracy across groups for comprehension and production. Error bars = 95% 
CI. C = Comprehension; P = Production. Significance levels: *p < .05, **p < .01, ***p < .001. 
 



Thinking ahead has its limits: Structural prediction with correlative and quantificational “both” 
Stephanie Rich (UCSC) & Jesse Harris (UCLA) 
skrich@ucsc.edu  
Background. The sentence processor is thought to predict upcoming words in highly 
constraining contexts (Staub 2015, for overview). While much research addresses LEXICAL 
prediction, the processor may also predict upcoming STRUCTURAL information. Correlative 
adverbs (either, neither, both) provide ample testing ground for lexical and structural prediction, 
as they signal upcoming coordination (or, nor, and, respectively). Most studies concentrate on 
the either-or construction, finding (i) LEXICAL PREDICTION: a disjunction or is read faster after 
encountering either, and (ii) STRUCTURAL PREDICTION: an upcoming disjunctive structure is 
predicted from the position of either, facilitating processing temporarily ambiguous disjunctions 
in garden path sentences (Staub & Clifton, 2006; Staub, 2007). However, these adverbs do not 
necessarily co-occur with a coordinator – e.g., quantificational (either sailor / both sailors) and 
partitive (either / both of the sailors) uses, which do not participate in the disjunction (henceforth, 
non-participating). Nonetheless, Blake et al. (2016) found (i) faster reading times at the 
disjunction following a non-participating either (1a) over controls (1b), interpreted as lexical 
prediction facilitating the disjunction or, followed by (ii) a later reading penalty, interpreted as a 
canceled structural prediction. However, other correlative adverbs remain understudied. The 
present study extends the examination of correlatives to participating and non-participating both. 
 Self-paced reading (N=48): Structural prediction from both. The stimuli capitalized 
on a temporary, garden-path ambiguity of a conjunction between an NP and a CP analysis 
(Table 1). We manipulated the presence and position of both (High-Both, Low-Both, No-Both), 
along with early structural disambiguation. The correlative appeared High (at the first 
complementizer, signaling a CP conjunction), Low (above the temporarily ambiguous object 
noun), or was omitted (No-Both control). A complementizer that on the second conjunct 
disambiguated to a CP conjunction prior to the verb in the Unambiguous condition. We 
expected that High-Both would allow the parser to predict a CP conjunction, facilitating 
disambiguation to the structurally more complex structure (as in Staub, 2007). Indeed, High-
Both sped reading at the coordinator (p<.001), with an additional benefit for Unambiguous 
conditions (p=.06). In contrast, Low-Both slowed reading at the disambiguating verb (laughed; 
p<.001) and the spillover (main effect, p<.001; interaction, p<.05). The results support 
STRUCTURAL prediction: High-Both confirmed the prediction for a clausal conjunct, reducing the 
garden path effect, whereas the Low-Both generated a prediction for an NP conjunction, 
exacerbating the garden path effect. 
 Eye-tracking (N=48): Lexical prediction from non-participating both. The stimuli 
(Table 2) crossed the presence of non-participating both (Both, NoBoth) with the presence of a 
disambiguating comma between the two CP conjuncts. The NoBoth condition contained a 
control quantifier in place of both (e.g., some, many) that did not have a correlative function. We 
found evidence for LEXICAL prediction in early reading measures: non-participating both elicited 
marginally faster reading times at the conjunction (and her sister; p=.06) and significantly faster 
reading times on the spillover (p<.05). However, we failed to find evidence for STRUCTURAL 
prediction. There was no overall penalty as would be expected if non-participating uses 
generate structural predictions that must later be cancelled or inhibited (cf. Blake et al. 2016).          

Conclusion. We demonstrate that participating correlative both triggers a STRUCTURAL 
prediction, just as either does, but that non-participating quantifier both only triggers a LEXICAL 
prediction, contrary to results from either. We propose that the processor may be sensitive to an 
array of factors when considering potential cues for upcoming structure, such as differences in 
frequency of use. Indeed, a follow up corpus study showed that either is used more often as a 
correlative than both (Table 3), perhaps resulting in a stronger association between either and 
its corresponding coordinative structure. In all, our results suggest that although correlatives 
appear to generate predictions about upcoming structure, the predictions are not equally strong. 
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Examples of participating and non-participating correlative adverbs. 
 

(1) a. Either (of) the landscapers will borrow a rake or the manager will buy one at the store. 
     b. One (of) the landscapers will borrow a rake or the manager will buy one at the store 
(2) John said (both) that a sailor kissed (both / the) women and (that) the girl laughed. 
(3) Both of the sailors kissed Marie and her sister laughed afterwards while the band played on. 
 
Experimental materials. 
 

Table 1. Self-paced reading sample item (from 30 sextets) with ‘/’ indicating regions. 
 

 HighBoth LowBoth NoBoth 
Ambig John said both that / a 

sailor kissed / the women / 
and the girl … 

John said that / a sailor 
kissed / both women / and 
the girl … 

John said that / a sailor kissed 
/ the women / and the girl … 

Unambig John said both that / a 
sailor kissed / the women / 
and that the girl … 

John said that / a sailor 
kissed / both women / and 
that the girl … 

John said that / a sailor kissed 
/ the women / and that the girl 
… 

                                 … / cheerfully / laughed / while the band / played on. 

Table 2. Sample item (from 24 quartets) with ‘/’ indicating analysis regions. 
 

It seems that  / … 
 Both NoBoth 
NoComma both of the sailors / kissed Marie some of the sailors / kissed Marie 
Comma both of the sailors / kissed Marie, some of the sailors / kissed Marie, 

     … / and her sister / laughed afterwards / while the band / played on. 

Structural prediction for participating both.  Lexical prediction for non-participating both. 

Experiment 1: Self-paced reading.          Experiment 2: Eye tracking while reading. 

Corpus results. Table 3. Usage distribution of either and both from 400 examples for each 
adverb sampled from the Corpus of Contemporary American English. 

 

References. Blake, K., Gietz, F., & Grant, M. (2016). Prediction and inhibition of syntactic structure: 
Evidence from either (of the)…or. CUNY 29. ♦ Staub, A. (2007). The return of the repressed: Abandoned 
parses facilitate syntactic reanalysis. JML, 57, 299-323. ♦ Staub, A. (2015). The effect of lexical 
predictability on eye movements in reading: Critical review and theoretical interpretation. LLC, 9, 311-327. 
♦ Staub, A., & Clifton Jr, C. (2006). Syntactic prediction in language comprehension: Evidence from 
either... or. JEP: LMC, 32, 425-436. 

Adverb Type 
Correlative Quantifier Partitive Quant. Other 

either 239 (60%) 38 (10%) 31 (8%) 92 (23%) 
both 168 (42%) 103 (26%) 30 (8%) 99 (25%) 



Experimental insights on the relationship between pragmatics, lying, and misleading 
Benjamin Weissman (University of Illinois) 

bpweiss2@illinois.edu 

Whether false implicatures can be lies has been debated in the theoretical literature: 
Meibauer (2014) says yes; Saul (2012) says they are “merely misleading.” A recent wave of 
experimental work (Weissman & Terkourafi, 2018; Willemsen & Wiegmann, 2017; Antomo et 
al., 2018) has also yielded diverging results. Author’s dissertation (omitted for anonymization 
purposes) makes the case that adopting a theory of linguistic meaning that allows for contextual 
and interpersonal variation in “what is said” (e.g., Ariel, 2002) can explain the seemingly 
contradictory results and theories regarding false implicatures and lying. The present 
experiment, which operates in that framework, aims to elucidate the relationship between lying, 
misleading, and levels of linguistic meaning by exploring how false content delivered through 
three different linguistic mechanisms – bare linguistic meaning, explicature, and implicature – is 
processed and judged.  

200 participants completed a response time experiment. Each trial consisted of a setup 
story followed by a screen with the target line of dialogue and a yes/no question (“is this 
statement a lie?” in half of the lists and “is this statement misleading” in the other half). 
Definitions of “lie” and “misleading” were not provided in order to capture participants’ own 
intuitions of the categories. The target line could be a straightforward truth, a straightforward lie, 
a false explicature or a false implicature (Table 1). Stories across these four conditions varied 
systematically in the stakes of the scenario and the speaker’s intention to deceive, both 
counterbalanced across lists. Target lines were matched for length across conditions. 

 A logistic regression model was run to analyze the likelihood of a “yes” response to the 
two questions across the four conditions (Fig. 1). The relative ordering of conditions for both “is 
this statement a lie?” and “is this statement misleading?” was the same: lie > explicature > 
implicature > truth. To both questions, all comparisons between conditions were significant. 
Participants were significantly more likely to respond “yes” to “misleading” than “lie” for 
explicatures, implicatures, and truths; there was no significant difference for lies. These results 
suggest that participants do not perceive an upper bound on the concept of misleading – 
straightforward lies are considered misleading as often and quickly as they are considered lies. 

 There was no significant difference in response time (Fig. 2) between the “lie” and 
“mislead” questions for straightforward lies, truths, or implicatures, but response times were 
significantly slower to “lie?” than “misleading?” question for explicatures. Collapsed across both 
questions, explicatures and implicatures led to slower response times than did the bare 
linguistic meaning categories (lies or truths).  

The gradation in “yes” responses and the fact that implicatures and explicatures caused 
longer response times than bare linguistic meaning underscore (i) a strength-based graded 
scale of linguistic meaning (cf. Sternau et al., 2015), (ii) the importance of having all three levels 
in a theory of linguistic meaning (Ariel, 2002), and (iii) the value of utilizing such a theory of 
linguistic meaning in a theory of lying (as opposed to the less flexible operationalizations from 
e.g., Meibauer and Saul).  
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Condition Target line Relevant detail from setup story 
Lie “I didn’t steal your shirt”                                   (speaker did steal the shirt) 
Explicature “John and I played golf on Saturday” (they both did, but played separately) 
Implicature “My father works for the FBI” (father works as a janitor for the FBI) 
Truth “I’ve never been to Sweden” (speaker has never been to Sweden) 

Table 1 – Example stimuli from the four experimental conditions. 
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Fig. 1 - Proportion of “Yes” responses to two   
questions (lie, misleading) across four stimulus 
conditions. 
 

Fig. 2 - Average response time (in seconds) 
to screen showing the target line and 
question. Error bars indicate standard error. 
* p < .05. 



Facilitatory interference reflects direct-access retrieval 
Dan Parker and Adam An (College of William & Mary) 

dparker@wm.edu 
This project investigates prominent claims about the source of facilitatory interference effects 

in sentence processing. Facilitatory interference occurs when a distractor eases the processing 
of an ungrammatical dependency. A common example is agreement attraction, where the 
processing of an ungrammatical subject-verb relation is eased by a structurally-inappropriate 
noun that matches the number of the verb [e.g., 1-3]. Previously, it has been argued that such 
effects are a product of a direct-access retrieval operation [2]. Here, we report the results of two 
studies, each of which addresses a prominent claim against this account. The studies provide 
new converging evidence that facilitatory interference reflects direct-access memory retrieval. 

Claim 1: Facilitatory interference reflects differences in retrieval speed. A leading 
hypothesis is that facilitatory interference (e.g., attraction) reflects incorrect retrieval of a feature-
matching distractor in memory [2-3]. The ACT-R model of retrieval [4] claims that the differences 
in RTs associated with facilitatory interference reflect differences in retrieval speed. However, this 
claim is inconsistent with the data showing that retrieval time is constant (“direct-access” retrieval; 
[5-6]). A problem for both accounts is that the argument for direct-access is based entirely on 
studies of inhibitory interference (when distractors slow RTs), and it remains unclear whether 
cases of facilitatory interference show the same dynamics as inhibitory interference.  

To address this issue, Experiment 1 tested a standard agreement attraction paradigm (item 
set in Table 1) using a high-powered (N=200) forced-choice speeded acceptability judgment task, 
and simulated the results using drift diffusion modeling to distinguish between effects arising from 
differences in retrieval speed vs. differences in memory trace quality/availability ([7] used diffusion 
modeling to investigate how response bias impacts the amount of attraction, but did not explicitly 
address the question of retrieval speed). Judgments showed the classic attraction profile: 
ungrammatical sentences were more likely to be accepted in the presence of a plural attractor 
(Fig. 1), evidenced by an interaction of grammaticality × attractor number (p < 0.01). Drift Diffusion 
Modeling (DDM) was then used to jointly model accuracy and RT distributions with three 
parameters that reflect distinct underlying retrieval processes [8]: non-decision time !	 (time 
required for retrieval), boundary separation α (retrieval speed), and drift rate # (asymptotic 
accuracy reflecting memory trace quality). DMM showed a clear effect of attraction on # 
(grammaticality × attractor number p < 0.01), but did not show any effects of faster retrieval speed 
in !	or α, consistent with a direct-access account of retrieval (Fig. 2). These results suggest that 
the differences in judgments and RTs observed in agreement attraction paradigms likely reflect 
differences in the relative ease of integrating the (mis)retrieved item back into the current 
processing stream for further processing, rather than differences in retrieval speed.   

Claim 2: Facilitatory interference is a case of encoding interference. Recently, it’s been 
argued that the facilitation associated with (1c) relative to the ungrammatical no-match condition 
(1d) does not reflect misretrieval of the plural distractor, but rather increased difficulty in (1d) due 
to feature overwriting in the encoding (both nouns are singular) [9]. If this account is correct, then 
comparable effects should be observed when number is not a relevant cue for retrieval at the 
verb, such as when the verb is not marked for number agreement (e.g., flooded vs. floodplural). 
However, if the difference in RTs stems from interference at retrieval, we should see a larger 
effect when a number cue is used in retrieval at the verb. Experiment 2 tested this prediction with 
a high-powered (N = 120) 2 (±number cue) × 2 (±plural attractor) self-paced reading design (item 
set in Table 2; [10] tested grammatical contexts but did not test the ungrammatical contexts that 
show attraction). Results showed a clear contrast (Fig 3): reading times for the +cue conditions 
showed a significantly larger facilitatory attraction effect relative to the -cue conditions (cue × 
distractor number: p < 0.01). These results suggest that agreement attraction effects cannot be 
reduced to feature-overwriting in the encoding, favoring a retrieval-based account. 

Take-away: Facilitatory interference effects stem from a direct-access retrieval process. 
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Table 1: Sample item set from Experiment 1. 64 item sets total. 

(1a) +Grammatical, plural attractor  The path to the buildings often floods. 
(1b) +Grammatical, singular attractor  The path to the building often floods. 
(1c) -Grammatical, plural attractor  *The path to the buildings often flood. 
(1d) -Grammatical, singular attractor  *The path to the building often flood. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Sample item set from Experiment 2. 24 item sets total. 

(2a) +Cue, plural attractor  *The path to the buildings often flood after a rainfall … 
(2b) +Cue, singular attractor  *The path to the building often flood after a rainfall … 
(2c) -Cue, plural attractor  The path to the buildings often flooded after a rainfall …  
(2d) -Cue, singular attractor  The path to the building often flooded after a rainfall … 

 
Figure 3. Self-paced reading times at the critical verb region from Experiment 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: [1] Pearlmutter et al. 1999. JML. [2] Wagers et al. 2009. JML. [3] Dillon et al., 2013, 
JML. [4]  Lewis & Vasishth. 2005. CS. [5] McElree. 2000. JPR. [6] McElree et al. 2003. JML. [7] 
Hammerly et al. 2018. Unpublished ms. [8] Chen & Husband. 2018. LSA proceedings. [9] 
Vasishth et al. 2017. ICCM proceedings. [10] Villata et al., 2018. Frontiers. 
 
 

Figure 1. Speeded acceptability 
judgments from Experiment 1. 
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Figure 2. DDM estimates from Experiment 1. 
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Effects of animacy and unaccusative verb type on “transitivity bias” 
Peter Nelson and Amit Almor (University of South Carolina) 

nelsonp@email.sc.edu 
Many studies have found that sentence processing is uniquely affected by noun animacy, which 
provides bases for predictions about thematic role assignment in conjunction with particular 
verbs1,2.  For example, animate subject nouns are one cue that allow predictions to be made 
concerning the sense and argument structure of upcoming verbs, as both animacy and 
subjecthood are associated with an Agent thematic role.  Research with garden-path sentences 
suggests that people tend to initially interpret sentences as having a transitive construction even 
when the verb is necessarily intransitive3 (non-alternating unaccusative (NU) verbs, e.g., arrive, 
die).  However, no existing research has investigated whether inanimate subject nouns 
modulate this transitivity bias, in particular with NU verbs, which assign a non-agentive 
Theme/Patient role to the subject.  
 

Previous research with garden-path sentences using verbs that alternate between transitive and 
intransitive readings (i.e., alternating unaccusative (AU) verbs, e.g., freeze, stop), shows that 
reading time increases at a later disambiguating verb for animate subjects even when the 
potential object noun is implausible (e.g., as the chef froze the meal arrived…), but that this 
effect was highly reduced when the subject was inanimate (e.g., as the wine froze the meal 
arrived…)4. However, inanimate subjects did lead to a post-verbal increase in reading time, 
occurring at the same point in the sentence as the above transitivity bias effect. We carried out 
two self-paced reading studies to examine how subject and object animacy and verb type 
influence sentence processing. Each experiment tested both animate and inanimate subject 
nouns with AU and NU verbs in early-closure garden-path sentences. In Experiment 1, the post-
verbal noun was inanimate and thus a bad candidate for a new clause subject and a good 
candidate for a dependent clause object; in Experiment 2, the second noun was always 
animate. True transitivity bias effects should appear at the post-verbal noun (e.g., the meal 
below) in NU sentences regardless of animacy; however, we asked whether animacy influences 
this effect. If inanimate-subject AU and NU sentences have lower reading times than animate-
subject NU sentences, it would suggest that inanimate subject nouns are taken as thematic 
Patients early on, influencing predictions about upcoming clausal structure. If so, animate AU 
sentences should be the only stimuli showing garden-path effects at the disambiguating regions. 
 

14 AU and 14 NU verbs with 28 animate and inanimate subjects were selected and combined 
into 28 stimuli matched in all but the initial noun. Between experiments the second noun and 
disambiguating verb differed. 14 distractor and 42 filler sentences were created and employed. 
Six main regions were of interest: an initial verb (R1), a determiner and post-verbal noun object 
(R2, R3), an initial disambiguating region (R4, R5), and a final disambiguating verb (R6) – these 
were followed by a prepositional phrase in order to avoid wrap-up effects.  Reading times at R2 
and R3 combined found results in support of N1 animacy influencing transitivity bias effects: 
mixed effects regression analyses found a main effect of animacy (p = 0.036) and an interaction 
between verb type and animacy (p < 0.001), in Exp. 1, and a main effect of animacy (p =0.022) 
in Exp. 2. In neither experiment did inanimate NU and AU verbs differ significantly. Animate AU 
sentences alone led to garden-path effects in both experiments. Analysis of individual regions 
found a main effect of animacy at R3 for NU verbs in Exp. 2, but not in Exp. 1.  
 

The results support a view of sentence processing in which sentential structure is updated 
incrementally. After an animate subject noun, readers show difficulty assigning a Patient role to 
the post-verbal noun phrase with NU and AU verbs; with inanimate nouns this difficulty is 
mitigated. That NU verbs are sensitive to subject animacy is a novel finding, and suggests that 
(in)animacy influences expectations about thematic-argument structure. Further research 
should be done with eye-tracking measures and control for individual verb preferences. 
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Sample Stimuli 

 A)  
Non-Alternating Unaccusative 

B)  
Alternating Unaccusative 

1) Experiment 1: 
Animate-

Inanimate  

As the chef [arrived]R1 [the]R2 
[meal]R3 [was]R4 [being]R5 [served]R6 
at the restaurant. 

As the chef [froze]R1 [the]R2 
[meal]R3 [was]R4 [being]R5 
[served]R5 at the restaurant. 

2) Experiment 1: 
Inanimate-

Inanimate 

As the wine [arrived]R1 [the]R2 
[meal]R3 [was]R4 [being]R5 [served]R6 
at the restaurant. 

As the wine [froze]R1 [the]R2 
[meal]R3 [was]R4 [being]R5 
[served]R5 at the restaurant. 

3) Experiment 2: 
Animate-Animate 

As the chef [arrived]R1 [the]R2 
[guest]R3 [was]R4 [being]R5 [served]R6 
at the restaurant. 

As the chef [froze]R1 [the]R2 
[guest]R3 [was]R4 [being]R5 
[served]R5 at the restaurant. 

4) Experiment 2: 
Inanimate-

Animate 

As the wine [arrived]R1 [the]R2 
[guest]R3 [was]R4 [being]R5 [served]R6 
at the restaurant. 

As the wine [froze]R1 [the]R2 
[guest]R3 [was]R4 [being]R5 
[served]R5 at the restaurant. 

 

Figures  
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The State of the Onion: Grammatical aspect modulates object representation in event 
comprehension  

Julia Misersky, Ksenija Slivac, Peter Hagoort & Monique Flecken 

 
Events are units comprising information on several dimensions, i.e., time, location, and 

the participants in them, such objects (Radvansky & Zacks, 2014). Objects and their 
affordances are central as they carry the trajectory of change happening in an event. Indeed, 
Hindy et al. (2012; 2013) show that tracking of object states and object-state change is a 
fundamental mechanism in event comprehension. For example, the representation of a whole 
onion and that of a chopped onion are both active, and compete with one another, when people 
read about a chopping event compared to a smelling event (Hindy et al., 2012; Solomon et al., 
2015). Here, we ask whether grammar can modulate our representation of objects and their 
states during online event comprehension by manipulating viewpoint aspect: In an English 
sentence like ‘John chopped the onion.’ the verb in the simple past (chopped) marks the action 
as completed (perfective aspect), with a change in state of the object achieved. By contrast, the 
past progressive (was chopping) highlights the ongoingness of an action in the past 
(progressive aspect) (Comrie 1976; see also Madden & Zwaan, 2003). We thus hypothesized 
that change-of-state events (e.g., to chop an onion) described with the perfective should draw 
attention to an object’s changed-state, but descriptions with the progressive should defocus 
attention to state-change. 

Thirty-six English native speakers (Mage = 24.14 years, SD = 3.58; 23 female) 
participated in a sentence-picture verification task adapted for EEG. All sentences followed a 
subject-verb-object structure, with each verb presented both in the perfective and progressive 
aspect. Crucially, all verbs described an irreversible change in the object in the past (e.g., chop). 
For each trial (N = 204), participants read a sentence chunk-by-chunk (e.g., [John] 
[chopped/was chopping] [the onion.]). Thereafter, they saw a colour photograph of the object in 
its changed-state (e.g., a fully chopped onion), the object in its original, unchanged state (e.g., 
an unchopped onion) or an unrelated object (e.g., a cactus) (Figure 1). Pseudo-randomly, 
participants received a question on half of the trials, asking them to indicate whether the object 
in the picture was mentioned in the sentence. A Yes/No answer had to be provided by button-
press. We focused on the N400 as an indicator of semantic processing with ERPs time-locked 
at picture onset. We expected the difference in processing of changed-state vs. original-state 
pictures to be larger following sentences in the simple past (e.g., chopped) compared to 
sentences in the past progressive (e.g., was chopping).  

In both sentence types, unrelated pictures elicited a clear N400, reflecting categorical 
semantic matching (Hirschfeld et al., 2011; 2012). However, when comparing ERPs between 
sentence types, the processing of state-change pictures shows a more positive P300 following 
simple past (e.g., chopped), than past progressive sentences (e.g., was chopping). This 
difference was smaller for original-state pictures. As the P300 reflects attention and stimulus 
evaluation (Polich, 2007), the results indicate that participants indeed evaluated object states in 
detail. Interestingly, this effect was modulated by aspect: the perfective drove most attention to 
the end-state of an object, whereas progressive aspect defocused object state-change. In sum, 
our data extend the view that object representations during event comprehension include 
information on their states by showing that grammatical cues modulate the activation of object 
state representations during event comprehension.     
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Figure 1. Example of all possible experimental conditions within a trial; each sentence was 
followed by a picture of the object in its changed state (A), the object in its original state (B) or 
an unrelated picture (C), and a question on half the trials.  
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Noisy-channel sentence comprehension in aphasia: the role of noise in the context 
Rachel Ryskin (ryskin@mit.edu ; MIT & BU), Edward Gibson (MIT), & Swathi Kiran (BU) 

Recent psycholinguistic theories propose that communication is typically subject to noise (e.g., 
Ferreira & Patson, 2007; Gibson, Bergen, & Piantadosi, 2013; Levy, 2008)—due to speaker 
error, environmental noise, or listener misperception. Comprehenders rationally integrate noisy 
input (e.g., “The mother gave the candle the daughter.”) with prior knowledge to infer the 
intended meaning of a sentence (e.g.,“The mother gave the candle to  the daughter.”). Critically, 
comprehenders have a model of the noise  -- they expect some noise corruptions (e.g., deletion 
of a word) to be more likely than others (e.g., insertion of a word).  

This noisy-channel framework has also been proposed to account for failures to use 
syntactic cues and an over-reliance on plausibility in persons with aphasia (PWA; Gibson, et al., 
2015; Warren, et al. 2017). On this account, PWA have a higher base-rate of noise in their noise 
model. However, the underlying mechanism is not known. Perhaps PWA expect a higher rate of 
errors because of perceptual difficulties, or because they themselves produce errors in 
speaking, or perhaps they fail to update their noise model. In healthy adults, the noise model is 
tuned to the environment (Gibson et al., 2013; Ryskin et al., 2017). For example, readers make 
more noisy-channel inferences when there is more noise in the context (i.e., surrounding 
sentences contain errors). In order to understand how and why the noise model differs in 
aphasia, we ask whether PWA can adapt their noise model to the local context.  

Methods: In 2 experiments (E1: N=40 online controls, E2: N=9 controls and N=16 PWA with 
filler accuracy > 60%, data collection ongoing), participants read 24 syntactically licensed but 
semantically implausible test sentences (e.g., The mother gave the candle the daughter) and 
answered comprehension questions (e.g., Did the daughter receive something?). Responses to 
these questions indexed whether participants were relying on the literal syntax (e.g., No: the 
candle received something) or their prior knowledge (e.g., Yes: daughters are more likely to 
receive something than candles), inferring that a more plausible intended sentence (The mother 
gave the candle to the daughter) had been corrupted by noise (e.g., deletion of “to”). Six test 
sentence types (from Gibson et al., 2013) were intended to elicit different plausible noise 
inferences (word deletion, insertion, or exchange). Test sentences were intermixed with 
exposure sentences which were error-free in the No Noise condition  or contained errors (e.g., 
The fireman rescued the boy in the time of nick) in the Noise condition .  

Results: Participants were less likely to make inferences (i.e., more likely to use the literal 
interpretation) on exchange sentences than deletion and insertion sentences (E1: 
deletion-exchange odds ratio[OR]=0.11; E2: OR=0.26; see Fig. 1 & 2). There was an overall 
effect of noise condition: participants in the Noise condition were less likely to interpret test 
sentences literally relative to the No Noise condition (E1: OR=0.43; E2: OR=0.61). Critically, 
PWA were less likely to interpret test sentences literally than controls (OR=0.38; i.e., more likely 
to rely on plausibility), and the effect of noise was reduced in PWA relative to controls (i.e., 
controls make more inferences in the Noise condition, OR=2.71, and PWA don’t, OR=0.98).  

Discussion : Participants in both experiments were more likely to make noisy-channel 
inferences when the noise corruption to be posited was a deletion than an insertion or exchange 
(replicating Gibson et al, 2013; 2015). A noisy-channel account of comprehension successfully 
explains patterns of comprehension in PWA (and controls).  But, PWA make more inferences 
overall suggesting that they expect a higher base rate of errors in their input. Critically, unlike 
healthy controls, PWA appear not to modulate the rates of noisy-channel inferences they make 
based on the amount of noise in the input. A fruitful avenue for future research will be to 
determine whether the noise model is inaccurate in PWA because they fail to update  their 
representation, or because they do not perceive  errors. 

norielleadricula
Text Box
Poster Session B: Saturday, 8:15 - 10:00 AM,  Location: The Ballroom, #B47



 

 
Figure 1. Experiment 1: Proportion of literal interpretations of test sentences by healthy controls 
on Amazon’s Mechanical Turk, by sentence type (labeled with plausible noisy-channel 
correction in parentheses) and noise condition. Error bars indicate bootstrapped 95% 
confidence intervals around the mean. 
 

  
Figure 2. Experiment 2: Proportion of literal interpretations of test sentences by healthy controls 
(left) and persons with aphasia (right), by sentence type (labeled with plausible noisy-channel 
correction in parentheses) and noise condition. Error bars indicate bootstrapped 95% 
confidence intervals around the mean. 
 



The effect of foreign bias on processing L2 English speech 
Thomas St. Pierre & Jean-Pierre Koenig (University at Buffalo) 

tastpier@buffalo.edu 
The increased difficulty of processing accented speech influences language attitudes, with 

increased difficulty leading to more negative attitudes towards speakers (Dragojevic & Giles, 
2016; Lev-Ari & Keysar, 2010). This experiment investigated the converse, namely whether 
negative associations towards foreigners affect language processing, specifically the learning of 
incorrect labels by an L2 speaker (e.g., calling a crayon ‘marker’).  

Forty-seven participants were recruited in four towns in Northern Maine (less than 2000 
inhabitants total), which are almost 100% white with minimal contact with L2 speakers of English. 
Each participant completed two tasks, a mouse-tracking task measuring sensitivity to incorrect 
labels from an L2 speaker of English (L1 Arabic), and an Implicit Association Test (IAT) measuring 
the degree to which participants associate negative words with foreign names. 

In the mouse-tracking task, participants were asked to click on one of two pictures (e.g., 
‘marble’) on a computer screen while their mouse trajectory was tracked (see Figure 1). In the 
NoError condition, the non-target picture on the screen (e.g., a crayon) did not phonologically 
overlap with the target noun (marble), so participants were expected to quickly locate the target 
object. In the Error condition, participants previously heard the crayon mislabeled (*marker); this 
crucially overlapped phonologically with the target noun. If participants had learned the incorrect 
label, there would be more difficulty locating the target noun compared to the NoError condition. 

In the IAT, participants were asked to categorize names, either stereotypically foreign (e.g., 
Muhammad) or American (e.g., John), as well as positive/negative valence words (e.g. 
happiness/agony). In one critical block, the same button was used to categorize foreign names 
and positive words, and then reversed in another critical block (foreign names were paired with 
negative words). The difference in mean response times, represented as a D score (as outlined 
in Greenwald et al., 2003), was calculated for each participant. Participants below the median IAT 
score (0.949) were categorized as ‘less biased’, and those above the median as ‘more biased.’ 

Overall listeners learned incorrect labels and treated them as phonological competitors. First, 
listeners clicked on the incorrect picture significantly more often in the Error condition compared 
to the NoError condition (β = 6.15, SE = 2.19, p < .01), suggesting that they had learned the 
incorrect label and were sometimes confusing it with the target (Figure 2). In addition, participants 
on average deviated significantly farther from the direct path to the target in the Error vs. the 
NoError condition (β = -92.95, SE = 40.45, t = -2.30), suggesting that participants were more 
attracted to the non-target object when it had been previously labelled (incorrectly) with a term 
phonologically overlapping with the target noun (Figure 3). 

Crucially, implicit bias scores also influenced participants’ mouse movements towards the 
non-target object (Figure 4), as the 3-way interaction between Error, IAT score, and Block order 
suggests (β = -143, SE = 68, t = -2.11). Those in the less biased group (below median score) 
showed an increase in competition between the target and incorrectly labeled competitor as the 
experiment progressed, and a decrease when the non-target objects were labelled correctly, while 
those in the more biased group showed no change across blocks.  

This result suggests that less biased participants became overall more attuned to the 
speaker’s speech over time, becoming increasingly more sensitive to non-native ambiguities (in 
the Error condition), and better able to disambiguate in cases where there was no phonological 
overlap (in the NoError condition). No such change in performance was seen in the more biased 
group, suggesting that listeners’ attitudes towards foreigners play a role in how cooperative they 
are in interactions with foreigners, i.e., how much they adapt to the speaker. 
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Figure 1: An example experimental array. 
Starting with the cursor in the bottom center 
of the screen, listeners heard a target word 
(e.g., “marble”) after previously hearing the 
other object called “crayon” or *”marker,” and 
had to click on the target as fast as possible 
while still being accurate. 
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Figure 4: The 
maximum distance 
from direct path by 
IAT score and block 
order in experiment 
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Gender agreement attraction and grammatical illusion in Standard Arabic sentence 
comprehension 
Souad Kheder (University of Florida) 
skheder@ufl.edu 
 
The relationship between words in a sentence is guided by grammatical constraints that impose 
some agreement requirements on several linguistic structures and features. Studies that 
examined how these requirements are implemented in real-time processing during language 
comprehension have reported difficulty in the implementation of some agreement constraints 
due to interference from some linguistic information that were previously encoded and stored in 
memory. The retrieval of certain linguistic cues can lead to a failure in detecting an agreement 
error such as in the sentence (The key to the cabinets are on the table.) causing grammatical 
illusion/attraction effects that reflect reduced behavioral sensitivity to ungrammaticalities. We 
report an eye-tracking study on gender agreement in Standard Arabic, focusing particularly on 
whether attraction effects apply to (a) a morphologically rich language (which may provide more 
cues for disambiguation), (b) more dependency structures such as gender (dis)agreement 
between a relative pronoun (RP) and a noun, and (c) whether attraction effects are drawn by the 
grammatical notion of “Markedness”.  

Participant read sentences and responded to yes/no comprehension questions while their eyes 
were tracked. Sentences were either grammatical where the RP and the object noun preceding 
it match in gender or ungrammatical where the RP and the object noun don’t match. 
Additionally, the subject noun was either an “attractor” when it matches the gender of the RP or 
not (see sample stimuli Table1).  

Data analysis was based on 21 native speakers of Arabic. Analysis of total duration of fixations 
to the interest area of the RP (word 5) revealed a significant main effect of grammaticality. 
Participants looked at the RP in the ungrammatical conditions (M = 404.71; SD = 289.06) more 
than they did in the grammatical condition (M = 306.39; SD = 180.98). In addition, a main effect 
of attractor shows that participants looked at the RP less when there was an attractor [M = 
334.28, SD = 203.14] than when there was no attractor [M = 383.04; SD = 286.15]. These 
effects resulted in an interaction between grammaticality and attractor showing that in the 
ungrammatical condition participants looked less at the RP in the presence of an attractor, while 
in the grammatical conditions looks at the RP did not depend on the status of the attractor 
(Figure 1). Finally, there was also an interaction between gender and attractor. In the presence 
of an attractor, participants looked less to the feminine RP than to masculine RP (Figure 2), 
suggesting that attraction effects occur with marked features. These results suggest that 
grammatical illusion and attraction effects can occur even with a morphologically rich language 
and even when the attractor noun is retrieved earlier in the sentence and is further from the RP 
than the noun it refers to. Additionally, these results support a relationship between attraction 
effects and the notion of “Markedness”. Results will be used to evaluate models of agreement 
resolution and attraction effects. 
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Table 1: Sample sentence stimuli and conditions 

Grammatical conditions: 

(1)  ishtara     al-waladu [masc.]    al-qalam [masc.]   al-aswad      alladhi[masc.]    raahu           fi-l      maktaba.  
        bought      the boy                       the pen                  the black      that                  (he)saw-it    in the   bookstore 
 
(2) ishtarat     al-bintu [fem.]        al-qalam [masc.]    al-aswad     alladhi[masc.]     raathu           fi-l         maktaba. 
      bought        the girl                        the pen               the black         that                  (he)saw-it  in the   bookstore 
 
(3) Aɦabbat    uχti [fem.]             al-uɣnija [fem.]       al-ɦaziina     allati [fem.]        samiʕat-ha       haðə      al-Sabaaɦ 
       Loved        my sister                  the song                 the sad           that                (she)heard-it     this        morning 
 
(4) Aɦabba     aχi [masc.]           al-uɣnija [fem.]       al-ɦaziina      allati [fem.]        samiʕa-ha       haðə      al-Sabaaɦ  
        Loved        my brother             the song                   the sad           that                (she)heard-it     this        morning 
 
Ungrammatical conditions: 
 
(5) ishtara     al-waladu [masc.]     al-qalam [masc.]    al-aswad       allati [fem.]        raahu          fi-l        maktaba. 
     bought       the boy                     the pen                      the black      that                (he)saw-it    in the   bookstore 
 
(6) ishtarat    al-bintu [fem.]          al-qalam [masc.]     al-aswad       allati [fem.]        raathu        fi-l         maktaba. 
     bought        the girl                    the pen                     the black        that               (she)saw-it    in the    bookstore 
 
(7) Aɦabbat    uχti [fem.]             al-uɣnija [fem.]         al-ɦaziina     alladhi [masc.]   samiʕat-ha    haðə      al-Sabaaɦ     
     Loved         my sister                the song                    the sad           that                  (she)heard-it   this        morning 
 
(8) Aɦabba     aχi [masc.]           al-uɣnija [fem.]        al-ɦaziina     alladhi [masc.]     samiʕa-ha     haðə     al-Sabaaɦ  
      Loved        my brother             the song                    the sad           that                  (she)heard-it    this        morning 
 

 

 

 

 
  

Figure 1 Figure 2 



Theory of Mind and Common Ground underpin mechanisms of language variation that 
lead to change: the Imperfective domain across three Spanish varieties 

Martín Fuchs & María Mercedes Piñango (Yale University) 
martin.fuchs@yale.edu 

We test the hypothesis that language variation partially results from communicative pressures at 
play during real-time comprehension and is constrained by patterns of diachronic change ([1]). 
We focus on the Progressive-to-Imperfective shift ([2]), and look at three Spanish dialects for 
which variation has been reported between the use of the Simple Present (PRES: [V-PRES], as in 
corro “I run”) and the Present Progressive markers (PROG: [estar + V-ndo], as in estoy corriendo 
“I am running’) to express the progressive meaning. The use of PRES to convey a progressive 
meaning is restricted to contexts in which speaker and hearer share perceptual access to the 
event described by the predicate. By contrast, PROG does not need such perceptual support 
([3]). Which marker is used thus depends on the contextual circumstances available: the “poorer” 
the context, the more likely that PROG is used. Shared perceptual access –mostly obtained by 
physical co-presence between speaker and hearer [4]– is a perceptual means to attain 
Perspective Alignment, a fundamental communicative goal manifested as the speaker’s need 
to bring the hearer’s point of view closer to her own. This goal is grounded on two complementary 
communicative constraints: Common Ground ([5]) and Theory of Mind ([6]). While the Common 
Ground between speaker and hearer affords the speaker greater reliance on context, Theory of 
Mind forces her to be linguistically explicit, because the hearer may not experience context exactly 
like her. Summing up: a speaker may use the PRES marker only when Perspective Alignment is 
achieved by non-linguistic means; that is, by shared perceptual access. A speaker may use the 
PROG marker regardless of shared perceptual access, thus evidencing that this marker is the 
preferred linguistic means to achieve this goal. Accordingly, if PRES use is subject to these 
communicative constraints, they should be at play during real-time sentence comprehension.  
The Study. We tested sentences containing PRES, PROG, or the (unacceptable) Simple Past 
(PRET) marker as a baseline condition, in two contexts, RICH (with shared perceptual access) 
vs. POOR (without shared perceptual access), in three varieties: Iberian, Argentinian and 
Mexican; using a Self-Paced Reading task (word-by-word moving window). Subjects: 180 adult 
native speakers (60 per variety). Materials: 144 items (2 Contexts x 3 Markers, 24 items per 
condition), and 180 fillers (see Table 1). Predictions: 1) RTs for PRES marker with RICH context 
< RTs for PRES with POOR context. 2) No such contextual modulation will be observed for 
PROG. 3) Variation across dialects should be in the direction of PROG < PRESRICH=PRESPOOR, 
thus indicating the expected diachronic change towards less acceptability of PRES.  
Results. A GLMM on word-number and letter-length corrected residual reading times revealed 
a) longer RTs for PRET over PRES/PROG, verifying that participants were attending at the 
intended progressive meaning, b) a significant Context*Marker interaction one word post-verb in 
Argentinian (p<.05) and in Iberian Spanish (p<.005), due to longer RTs in the POOR context 
condition for PRES. No such effect was observed in Mexican Spanish, but c) a main effect of 
Marker was found at the verb, favoring PROG over PRES/ PRET (p<.05). (see Figures).  
Discussion. Results show that when shared perceptual access is independently provided by the 
context, processing of PRES is facilitated in Argentinian and Iberian Spanish. By contrast, the 
Mexican Spanish pattern reveals that shared perceptual access is no longer playing a role in 
improving PRES comprehension in that dialect, and the only available marker is PROG. This 
suggests that this dialect is further along the diachronic path of Progressive-to-Imperfective shift. 
Altogether the pattern observed across dialects is consistent with a model of variation embedded 
in a communicative system, visible during real-time comprehension, and shown to be subject to 
identifiable contextual factors. The communicative system uses linguistic markers to optimize 
Common Ground and Theory of Mind pressures and, in doing so, supports each variety’s 
independent advancement from one stage to the following one in their own larger path of change, 
manifesting predictable patterns of synchronic variation in the process. 
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Table 1 (stimuli examples, contexts presented only in English for brevity)  
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General Context Context Type Sentence with PROG/PRES 
or Pretérito (PRET) Marker 

‘Anna gets home 
from work and goes 
to her son's room to 

see how he is 
doing. She knocks 

on the door...’  

Poor: ...but her son does not answer. 
Before she gets to open the door, her 
son tells her:’ 

Estoy haciendo la tarea  
‘I am doing my homework’ 

Hago la tarea 
‘I do my homework’ 

Hice la tarea 
‘I did my homework’ 

Rich: ...opens it, and sees her son 
sitting at his desk. Before she says 
anything, her son tells her:' 



Contrastive focus constructions hurt memory for sentence meaning 
Invisible author line 

Invisible affiliation line 
 

Listeners frequently encounter imperfect speech. Speakers start and stop, and restart only to 
correct themselves. To accommodate this imperfect input, listeners may use a greedy (“good-
enough”) strategy to incrementally build up sentence parses and discourse representations 
(Ferreira, Bailey, & Ferraro, 2002; Ferreira, 2003). A good-enough parsing strategy will 
occasionally lead to comprehension errors, which are especially notable in temporarily 
ambiguous sentences like “While Anna dressed the baby...spit up on the bed.” Here we ask 
whether there are longer-term consequences for memory beyond the initial (mis)-interpretation 
of a sentence. Specifically, we ask whether certain grammatical constructions that are known to 
influence comprehension errors also influence memory. Good-enough processing theories 
potentially predict worse memory for sentences containing focus constructions, while attention-
based theories (e.g. Fraundorf, Watson, & Benjamin, 2010) would predict better memory. We 
were specifically interested in testing this with two different focus constructions (e.g. “not X but 
Y” and “Y, not X”), the word orders might affect memory differently due to primacy effects.   

Methods. 90 individuals participated for course credit. In this experiment, on each trial 
participants read preambles like “At the back of the closet he found a...” one word at a time. The 
stimuli were taken from Karimi, Brothers, & Ferreira (under review). Words were presented at 
the center of the screen for a minimum of 325 milliseconds (ms), plus 100ms for each character 
in the word. Between trials there was a pause of 300ms before the next sentence began. We 
manipulated whether the material following the preamble contained one of two focus 
constructions (“not a robe/safe but a safe/robe” or “a robe/safe, not a safe/robe”) with single 
NPs (“robe” [NP1] or “safe” [NP2]). Each block was composed of 14 trials (containing 7 critical 
sentences and 7 filler sentences on average), with 6 blocks in total (=42 critical and filler trials). 
At the end of each block, participants performed a two-alternative forced-choice recognition 
memory task (2AFC) in which they provided button responses to questions such as, “What did 
we take a picture of?”, selecting between two answers (“sheep” or “fence”). We predicted that 
false memory would be greater for the focus constructions than fillers due to good-enough 
processing. We also predicted that “Y, not X” (FNP1) would lead to better memory than “not X, 
but Y” (FNP2) because initial information tends to be better remembered (primacy effects). 

 Analyses. We built logit mixed effects models in lmerTest to analyze the odds of 
selecting the correct response (e.g. “sheep”) for each sentence during the memory test, with 
maximal random intercepts and slopes by item and random intercepts only by participant, 
testing for the effect of condition (Focus Construction versus Single NP) relative to memory for 
Filler sentences. Both types of focus constructions showed significantly worse memory 
(all z < -3.00, all p < .001) with no significant difference between the focus constructions (z = -
1.55, p>.1). Single NP sentences (NP1 and NP2) were remembered as well as Fillers. Results 
are visualized in Figure 1. 

Conclusions and future directions. The presence of syntactic focus constructions 
appears to have detrimental impacts on memory for language. Future work will need to compare 
focus constructions (“found not an X but a Y”) to syntactic structures containing both referents 
(“found an X and then a Y”) to test whether poorer memory arises from competition at test. It will 
also be important to test whether greater discourse context modulates this effect. The present 
work also highlights the role of language processing on memory, showing that readers do not 
necessarily build completely veridical representations of propositions that prevent memory 
errors. 
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Table 1: Proportion of correct answers by sentence condition, by-item standard errors. FNP1 
= “a safe, not a robe”. FNP2= “not a robe, but a safe”. NP1 = “a safe”. NP2 = “a robe”. 
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Modeling ungrammaticality: a self-organizing model of islands 
Sandra Villata, Jon Sprouse & Whitney Tabor (University of Connecticut) 

sandra.villata@uconn.edu 
 

Acceptability judgments are gradient, while grammaticality is traditionally conceived of as 
categorical (sentences are either grammatical or ungrammatical but cannot be “partially” 
(un)grammatical). Degrees of acceptability are thus traditionally attributed to extra-grammatical 
factors (e.g. memory limitations). We present a new way to account for degrees of acceptability: 
a self-organized sentence processing model (SOSP; e.g. [1]). On this model, gradient 
acceptabilities can be generated by the grammar itself. Indeed, grammaticality and ungrammati-
cality are seen as two endpoints along a continuum, rather than as discrete notions [2,3].  

SOSP offers an independently motivated way of accounting for degrees of acceptability: 
linguistic structures result from continuous interaction and competition amongst sentential 
elements terminating when bonds are formed. When syntactic and semantic combination 
requirements cannot be satisfied (viz. no optimal bond is available, as in ungrammatical 
sentences and difficult garden paths), the system forces the formation of (sub-optimal) structures, 
giving rise to various more or less (un)acceptable outcomes.  

We focus on islands, encapsulated syntactic environments out of which nothing, or very little, 
can be extracted, arguably the most prototypical yet challenging case of unacceptability. Islands 
come in two flavors, strong and weak [4]. Strong islands ban any extraction, while weak islands 
have been argued to allow for certain extractions. In particular, linguists have noted that they 
seem to allow for the extraction of a D(iscourse)-linked wh-element (which NP), while disallowing 
the extraction of non D-linked element (e.g. what) (e.g. [5,6]). In this work, we focus on two island 
types: subject islands (1d), which are strong, and whether islands (2d), which are weak. We 
address three empirical facts, that, together, present a challenge to traditional grammatical and 
parsing theories. First, weak island acceptability is gradient. Using a 2x2 factorial design for island 
effects [7,8] – in which the island effect is isolated from two processing factors – (i) DEPENDENCY 
LENGTH (long vs. short) and (ii) embedded STRUCTURE TYPE (island vs. non-island) (cfr. (1) an (2)) 
– it has been shown that D-linked whether islands are more acceptable than non D-linked ones, 
and yet still not fully acceptable (Fig.1) [9]. Second, D-linking interacts with island types: while D-
linking ameliorates the acceptability of weak islands, it does not help strong islands (Fig.1) [9]. 
Third, D-linked weak islands with an intransitive embedded verb (Which car do you wonder 
whether John slept?) are less acceptable than those with a transitive (Which car do you wonder 
whether John bought?), while no such contrast is detected in non D-linked weak islands ([10] 
shows this in wh-islands). We take this as evidence that weak islands, though ungrammatical, are 
interpreted. Therefore, the dependency between the extracted wh- and the gap inside the island 
is established. This claim is challenging for traditional models which capture island effects by 
barring the formation of dependencies inside islands. 

We ran 20 runs of the model which generated the observed data pattern (see Figure 1, blue 
lines). The model succeeds by coercing D-linked whether islands into a non-island structure via 
coercion of “wonder” into an approximation of “think”, which licenses the propagation of a filler, 
and of “whether”, which syntactically blocks chain formation, into “that”, which allows it, but at the 
cost of lowering the overall grammaticality. For non D-linked whether islands, the coercion does 
not happen because non D-linked wh- lack sufficient featural richness to cause the system to 
discover coercion, resulting in failure to propagate the wh- inside the island, and very low 
grammaticality. For subject islands, no suitable structural analogy is available, resulting in a 
systematic failure to propagate the wh- inside the subject island and very low grammaticality. All 
in all, we argue that SOSP offers a valuable new way of approaching the relationship between 
grammar and processing. It is closely related to generative linguistic theory, but it differs in non-
trivial ways from traditional assumptions, notably continuity, and a central role for processing in 
grammatical explanation. We hope our results will spur new discussion on these topics.  
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Fig. 1 Interaction plots between dependency length (long vs. short) and embedded structure 
type (island vs. non-island) - the term ‘island’ here does not refer to an island-violating 
structure, but to the presence of a structural domain that does not tolerate extraction (e.g. 
whether embedded clause). Only the long/island conditions violate island constraints. The 
island effect can be defined as a statistical interaction between the two factors (it is what 
remains after the linear sum of the two processing factors). All four interactions are significant, 
but the interaction for the whether island in the D-linked condition is reduced compared to the 
non D-linked condition. Empirical results are in black (data from Sprouse & Messick 2015) and 
results from the model’s simulation are in blue (model variance within conditions was 
negligible). 

References. [1] Smith & Tabor. 2018. Proceedings paper, International Conference on 
Cognitive Modeling. Madison, WI. [2] Kempen, G., & Vosse, T. (1989). Connection Science, 
273-290. [3] Smolensky, P. (1986). Parallel distributed processing, volume I (pp. 194–281). 
MIT Press. [4] Szabolcsi. 2006. The Blackwell companion to syntax, 479-531; [5] Rizzi 1990. 
The MIT Press; [6] Cinque 1990. MIT, Cambridge; [7] Sprouse 2007. College Park, MD: 
University of Maryland dissertation; [8] Sprouse et al 2012. Language, 88, 83-123.; [9] 
Sprouse & Messick 2015. Poster presented at NELS 46; [10] Villata et al. 2015. Poster 
presented at Cuny. 
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(2) Factorial design whether islands 
a. NON-ISLAND, SHORT 
Who/Which woman __ thinks that John 
bought a car? 
b. NON-ISLAND, LONG 
What/Which car do you think that John 
bought__? 
C. ISLAND, SHORT 
Who/Which woman __ wonders whether 
John bought a car? 
d. ISLAND, LONG 
What/Which car do you wonder whether 
John bought __? 

(1) Factorial design subject islands 
a. NON-ISLAND, SHORT 
Who/Which leader __ thinks the speech 
interrupted the TV show? 
b. NON-ISLAND, LONG 
What/Which speech does the leader think 
__ interrupted the TV show? 
C. ISLAND, SHORT 
Who/Which leader __ thinks the speech by 
the president interrupted the TV show? 
d. ISLAND, LONG 
Who/Which politician does the leader think 
the speech by __ interrupted the TV show? 



Anti-locality effects without verb-final dependencies 
Juliane Schwab (Osnabrück University), Ming Xiang (University of Chicago)  

& Mingya Liu (Osnabrück University) 
liu.mingya@uni-osnabrueck.de 

Anti-locality effects ([2]; [4]) provide strong evidence for expectation-based sentence parsing 
models [3]. Previous discussion of the anti-locality effect, however, largely focused on the 
argument-verb dependencies in verb-final constructions, for which a memory retrieval based 
account has been argued to be equally adequate [7]. In the current study, we found an anti-
locality effect in constructions that do not involve argument-verb dependencies. Since the 
memory based account for anti-locality effects [7] could not be extended to the current case, our 
findings provide novel support for the expectation-based anti-locality effect. This study 
compares two different determiners (Dets) in German: the morphologically complex Det 
derjenige ‘the-jenig’ and the bare Det der ‘the’. Derjenige obligatorily requires a relative clause 
(RC), whereas the bare Det does not trigger such expectations ([1]; [5]). A search in the 
newspaper corpus at Treebank.info [6] revealed that DPs with a bare Det mostly occur without a 
RC, whereas DPs with a complex Det occur most frequently with a RC (see Table 1).  

Experiment 1 (subj N=54; item N=24): Experiment 1 was a self-paced reading study 
using a 2x2 design (e.g. (1)), wherein either a bare or a complex Det (e.g. den vs. denjenigen) 
headed the object DP; the RC modifying the object DP was located either right after it or at a 
distant position. After each trial, participants rated the naturalness of the sentence (1-7 scale). In 
the Complex-Close condition, local and distant RC attachments are equally likely at the point of 
the pre-critical region, whereas in the Complex-Distant condition the expectation for the RC at 
the end of the matrix clause is stronger. All analyses were done with linear mixed effects 
models. Rating results (Figure 1) found that der-DPs with a distant RC were rated less natural 
than with a local RC (p<.01), suggesting a locality preference; in contrast, derjenige-DPs with 
local or distant RCs received the same ratings (Det x Locality interaction p<.01). The RT 
analyses (Figure 2) were performed on residual RTs, which were derived from an initial model 
with region length as the predictor. There is an anti-locality effect on the critical region (CR) 
dessen Mutter ‘whose mother’ under only the complex Det: the RT was shorter when the RC 
was more distant (p<.05). There was no such effect for the bare Det conditions (p<.92).  

Experiment 2 (subj N=78; item N=32): Using the same paradigm, Experiment 2 
replicated and extended the findings in Experiment 1 through a 2x2x2 design. The sentence 
structures were modified (e.g. (2)) such that in addition to the Det and Locality factors, we also 
manipulated whether the onset of the RC (i.e. the relative pronominal phrase e.g. whose 
storeMASC) matched the gender feature on the object NP (den Kunden ‘the customerMASC’, 2a-d) 
or did not match (die Kundin ‘the customerFEM’, 2e-h). Residual RTs (Figure 4) on the CR 
(‘whose store’) revealed two main findings. First, there was a Det x Gender interaction (p<.05), 
such that only under the bare Det feature-matched RC onsets led to longer RTs than feature-
mismatched ones (p<.05), indicating a competition cost or an interference effect when both the 
subject and the object NP were considered as possible attachment sites for the RC. Gender 
(mis)match had no effect for the complex Det, suggesting that the strong syntactic expectation 
(i.e. that the subject DP requires a RC) trumped the possibility of attaching the RC to the object 
NP. Given this independent evidence for syntactic expectation, the second finding replicated the 
anti-locality effect observed in Experiment 1—on the CR there was also a Det x Locality 
interaction (p<.0001), such that the distant RC onsets had shorter RTs than the closer ones, but 
only under the complex Det conditions (p<.05). The rating results (Figure 3) found a locality 
preference for both determiners. Distant RCs were rated less natural than local RCs (p<.0001, 
although the effect was more pronounced for the bare Det (Det x Locality interaction p<.0001).  

Conclusions: The current study provided novel evidence for syntactic expectation. The 
RC expectation generated by a single determiner could both (i) determine the incremental 
parsing decisions on RC attachment site and (ii) lead to anti-locality effect in online processing.  
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1. Experiment 1  
(1)  a. Maria Richter hat den Mitarbeiter, [dessen Mutter] ein großes Haus in Spanien besitzt, in einem Café gesehen.    Bare-Close  
          (M. R. has the colleague, whose mother a big house in Spain owns, in a café seen)  
      b. Maria Richter hat den Mitarbeiter in einem Café gesehen, [dessen Mutter] ein großes Haus in Spanien besitzt.    Bare-Distant  
         (M. R. has the colleague in a café seen, whose mother a big house in Spain owns)  
      c. Maria Richter hat denjenigen Mitarbeiter, [dessen Mutter] ein großes Haus in Spanien besitzt, in einem Café gesehen.          

           Complex-Close  
         (M. R. has the-jenigen colleague, whose mother a big house in Spain owns, in a café seen)  
      d. Maria Richter hat denjenigen Mitarbeiter in einem Café gesehen,[dessen Mutter] ein großes Haus in Spanien besitzt.    

          Complex-Distant  
         (M. R. has the-jenigen colleague in a café seen, whose mother a big house in Spain owns) 
         ‘M. R. has seen the colleague in a café, whose mother owns a big house in Spain. ’  
      Figure 1                         Figure 2                    Table 1 

		
 
2. Experiment 2 
(2) a. Gerne berät der Verkäufer, [dessen Laden] echte Delikatessen anbietet, bei Unklarheiten den Kunden. Bare-Close-Match 
         (Happily advises the salesman, whose store real delicacies offers, at unclarities the customerMASC)     
     b. Gerne berät der Verkäufer bei Unklarheiten den Kunden, [dessen Laden] echte Delikatessen anbietet.     Bare-Distant-Match 
         (Happily advises the salesman at unclarities the customerMASC, whose store real delicacies offers) 
     c. Gerne berät derjenige Verkäufer, [dessen Laden] echte Delikatessen anbietet, bei Unklarheiten den Kunden.  

          Complex-Close-Match 
        (Happily advises the-jenige salesman, whose store real delicacies offers, at unclarities the customerMASC)     
     d. Gerne berät derjenige Verkäufer bei Unklarheiten den Kunden, [dessen Laden] echte Delikatessen anbietet.  
                  Complex-Distant-Match 
         (Happily advises the-jenige salesman at unclarities the customerMASC, whose store real delicacies offers)    
     e. Gerne berät der Verkäufer, [dessen Laden] echte Delikatessen anbietet, bei Unklarheiten die Kundin.   Bare-Close-Mismatch 
        (Happily advises the salesman, whose store real delicacies offers, at unclarities the customerFEM) 
     f. Gerne berät der Verkäufer bei Unklarheiten die Kundin, [dessen Laden] echte Delikatessen anbietet. Bare-Distant-Mismatch 

        (Happily advises the salesman at unclarities the customerFEM, whose store real delicacies offers) 
     g. Gerne berät derjenige Verkäufer, [dessen Laden] echte Delikatessen anbietet, bei Unklarheiten die Kundin.                    

    Complex-Close-Mismatch 
        (Happily advises the-jenige salesman, whose store real delicacies offers, at unclarities the customerFEM) 
     h. Gerne berät derjenige Verkäufer bei Unklarheiten die Kundin, [dessen Laden] echte Delikatessen anbietet.  

          Complex-Distant-Mismatch 
         (Happily advises the-jenige salesman at unclarities the customerFEM, whose store real delicacies offers) 
        ‘The salesman, whose store offers real delicacies, happily advises the customer in case of any unclarities.’ 

Figure 3      Figure 4 

 
 
References: [1] Alexiadou et al (2000). The Syntax of Relative Clauses; [2] Konieczny (2000). Journal of Psycholinguistic 
Research; [3] Levy (2008). Cognition; [4] Levy & Keller (2013). Journal of Memory and Language; [5] Roehrs (2006). The Morpho-
Syntax of the Germanic Noun Phrase; [6] Uhrig & Proisl (2011); [7] Vasishth & Lewis (2006). Language. 
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Not (just) any licensors cause negative polarity illusions 
Hanna Muller (University of Maryland), Iria de Dios Flores (Universidade de Santiago de 
Compostela & Basque Center on Cognition, Brain, and Language), and Colin Phillips (University 
of Maryland) 
hmuller@umd.edu 

Initial attempts at resolving long-distance dependencies are occasionally error-prone (as 
in agreement attraction, anaphora, NPI licensing), and the similarities of these phenomena make 
highly general, memory-based explanations appealing [4]. These explanations invoke mistaken 
retrieval of an irrelevant lexical item, but we observe that the representations that are relevant to 
these dependencies may be more complex and more meaning-driven than a single syntactic node 
or word. In a series of three speeded acceptability studies, we show that the online resolution of 
a particular dependency (NPI licensing) involves accessing and evaluating whole clausal 
meanings, and perhaps even richer representations, such as inferred messages. 

Our case study is the online licensing of negative polarity items (NPIs). NPIs, like ever or 
any, are only acceptable (compare (1a) with (1b)) within the scope of negation or some similar 
item (“licensor”), potentially because they create stronger assertions only in negative contexts [3]. 
It is well known that comprehenders are disproportionately likely to initially perceive an unlicensed 
ever as acceptable when there is a structurally irrelevant licensor as in (2) compared to when 
there is no licensor at all as in (3) [1,2,5,6,7].  

Previous accounts cannot explain the surprising specificity of the illusion: illusions occur 
with intrusive quantificational licensors such as no, but not simple sentential negation, n’t, as in 
(4), and the illusion is “turned off” when the NPI is more distant from the licensor as in (5) [1,5]. 
Experiments 1 and 2 show that the licensor contrast is due to negative inferences at the clause 
level, and Experiment 3 suggests that the distance effect is about distance from the relative clause 
(RC). We believe these patterns are best explained by an online NPI licensing mechanism that 
accesses licensing contexts not individual licensing words. 

Experiment 1 shows that the observed licensor contrast is not merely a consequence of 
the differing structural position of their two intrusive licensors. In the original study, intrusive n’t 
appears in a lower structural position than intrusive no. We used subject RCs, in which intrusive 
quantifiers are necessarily lower than intrusive n’t and we see the same contrast - illusions occur 
for quantificational licensors but not sentential negation. Experiment 2 shows that differences in 
clausal meaning, not differences in licensor identity, drive this contrast. That is, the authors that 
the critics haven’t recommended and the authors that no critics have recommended convey 
somewhat different information - the latter is stronger, picking out a more restricted set of authors, 
those that received no recommendations whatsoever. In order to tease apart the difference in 
clausal meaning from the difference in licensor identity, we designed sentences that contain n’t 
as an intrusive licensor but match the meaning of our no sentences, such as the critics that haven’t 
recommended any authors. We find that illusions do arise for these sentences. Neither n’t nor any 
induce illusions on their own, but when combined they create a context that intrudes on NPI 
processing. This suggests that it is not the individual lexical item that matters for an illusion, but 
the meaning of the whole RC. In Experiment 3 we investigate the distance effect. If NPI licensing 
requires accessing clausal meanings, we predict that illusions should depend not on distance to 
the licensor, but on distance to the licensing context. We compared illusion configurations with 
and without extra material inside of the RC (i.e. manipulating distance to the licensor while holding 
constant distance to the licensing context) and found that this has no impact on the illusion. 

Taken together, these findings suggest that online NPI licensing involves accessing a 
clause meaning and evaluating the NPI in that context. The alternative hypothesis, which 
assumes that online NPI licensing involves accessing a lexical node in a syntactic representation, 
cannot account for the pattern of errors in NPI processing that we observe. We suspect that the 
aspects of clause meaning that matter most are those that contribute to a strong, exception-less 
inferred message, not merely the entailments of the clause, which we’ll pursue in future work. 
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1a. I don’t think John has ever been to Paris.     1b. * I think John has ever been to Paris. 
2. * The authors that no critics recommended have ever written a best-selling novel. ←illusion 
3. * The authors that the critics recommended have ever written… ←ungrammatical baseline 
4. * The authors that the critics haven’t recommended have ever written… ←no illusion 
5. * The journalists that no editors recommended for the assignment thought that the readers 
would ever understand the complicated situation. ←no illusion 

 
In all figures, * indicates that a condition differs from the ungrammatical baseline, p<.05. 
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[2] Drenhaus, H., Saddy, D., & Frisch, S. 2005. Processing negative polarity items… Linguistic 
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Gramm. Very few critics [that have recommended the authors of alternative genres] 
have ever objected to mainstream literary trends. 

Intrusive 
very few 

The critics [that have recommended very few authors…] have ever… 

Intrusive n’t The critics [that haven’t recommended the authors…] have ever… 
Ungramm. The critics [that have recommended the authors…] have ever… 

Ex
p.

 2
 

Gramm. No critics [that have recommended the authors…] have ever… 
Intrusive no The critics [that have recommended no authors…] have ever… 
Intrusive n’t The critics [that haven’t recommended the authors…] have ever… 
Intrusive 
n’t…any 

The critics [that haven’t recommended any authors…] have ever… 

Ungramm. The critics [that have recommended the authors…] have ever… 

Ex
p.

 3
 Gramm. No authors [that the critics have recommended (in their reviews)] have ever 

received acknowledgment for a best-selling novel. 
Intrusive no The authors [that no critics have recommended (in their reviews)] have ever… 
Ungramm. The authors [that the critics have recommended (in their reviews)] have ever… 



 

 

Verb Surprisal in the Visual World  
Christine Muljadi, Christine Ankener, Les Sikos, Maria Staudte (Saarland University) 
masta@coli.uni-saarland.de 
 
The effort for processing a word in a given linguistic context is correlated with its surprisal and 
predictability [1]. That is, less expected words are more surprising and thus more difficult to 
process. Previous work has extended classical notions of surprisal to visually-situated contexts 
[2]. That paper presented a visual world eye-tracking study which examined whether 
manipulations of referential entropy (i.e., the number of potential referents in the visual display 
that were consistent with the target at a given point in the utterance) modulated the processing 
of the target noun. They did so by holding the auditory linguistic context constant (e.g., “Die 
Frau verschüttet gleich das Wasser.” / English: “The woman spills soon the water.”) while 
varying the number of objects in the display that were consistent with the verb (i.e., spillable 
things). Eye movements during the verb indicated that listeners anticipated (only) suitable 
objects. That is, uncertainty about the upcoming referent was reduced by exploiting the verb 
constraint. This parametrically decreased processing effort (as measured by the pupillometric 
Index of Cognitive Activity (ICA) at the sentence-final noun—but it did not affect processing 
effort at the verb. What was left unclear was why no effect of referential entropy reduction was 
found on verb processing. After all, verbs reduced uncertainty to a greater or lesser extent 
depending on the visual context, which also led to differences in anticipatory eye movements. 
One possibility is that the effect of referential entropy reduction is only manifest at nouns, 
because nouns serve as direct pointers to objects in the world, while verb selectional restrictions 
simply constrain expectations to a smaller set of possibilities.  

The current study directly investigates this question using a setup similar to [2] and 
interrogative statements (in German) because they allow the verb to appear before the noun 
(e.g. “Tell me if the rose that is watered by the figure is located at the top / bottom / left / right / is 
missing.”). Participants (N=32) viewed 40 experimental displays that varied the number of verb 
options (4, 3, 1, or 0) by depicting actions rather than objects, while participants listened to 
utterances related to the display (Fig.1). We recorded ICA, which has been shown to index 
processing effort across a range of linguistic phenomena [3], in addition to traditional eye 
movement measures.  

Mixed modelling (maximal; Poisson distribution) of ICA values revealed that processing 
effort at the target verb was reliably modulated by the number of actions in the display that were 
consistent with the verb (Fig.2). More specifically, when only 1 verb-consistent action was 
displayed, mean ICA values were significantly lower (m=42.9, SD=13.1) than when 3 verb-
consistent actions were shown (m=47.1, SD=11.2; ß=-.099, SE=.027, z=-3.70, p<0.01). 3 and 4 
verb-consistent actions evoked similarly high ICA values (m=47.12 and m=47.08, respectively). 
Somewhat surprisingly, the 0 verb-consistent actions condition yielded the lowest ICA values 
(m=38.54, SD=15.4; wrt to 1 consistent action: ß=-.128, SE=.034, z=-3.76, p<0.01). This finding 
differs from [2], where the equivalent condition yielded the highest values. However, in the 0 
condition in the current experiment, participants could already determine at the noun that the 
answer to the question (e.g., “Tell me if the rose….”) could only be “Yes” if the question ended 
with “… is missing”. Thus, listening to the verb was not useful in this case, thereby making the 0 
condition the easiest at the point of the verb. Finally, statistical analyses further revealed typical 
anticipatory eye movements during the noun (i.e. looks only to likely upcoming actions/verbs), 
but as in [2], this did not appear to modulate processing effort at the noun.  

These results indicate that visual context can similarly affect the predictability and surprisal 
of both verbs and nouns. We also replicate the lack of an effect on processing effort for the word 
that provides the constraining information (i.e. reduces referential entropy). Thus, regardless of 
word class, processing effort seems to correlate with situated surprisal but not with referential 
entropy reduction – here mediated by visual context and attention. 
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Fig.1: Example visual displays in all four conditions for the sentence: “Sag mir, ob die Rose, die 
von der Figur gegossen wird, unten ist.” / English translation: “Tell me if the rose that is watered 
by the figure is located at the bottom”. Upper left: 4 possible actions. Upper right: 3 possible 
actions. Lower left: 1 possible action. Lower right: 0 possible actions. 
 
 

 
 
Fig.2: Comparison of mean ICA results (larger values correspond to greater processing effort) 
elicited during 3 time-windows (pre-noun baseline, noun region, verb region) and experiments. 
Left: Results from [2]. Right: Results from the current experiment. 
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EMBEDDED GAPPING? A CROSS-LINGUISTIC PERSPECTIVE  
 

Gabriela Bîlbîie (U. Bucharest), Israel de la Fuente (U. Lille) & Anne Abeillé (U. Paris) 
gabriela.bilbiie@gmail.com 

 
It is usually assumed (Hankamer 1979, Neijt 1979, Johnson 2009) that gapping differs from 
other kinds of ellipsis in banning embedding (No Embedding Constraint, cf. (1)). However, Weir 
(2014) suggests that embedding gapping may depend on the matrix verb (2). Counter-examples 
have been found in Persian (Farudi 2013), Spanish (3) (Garcia-Marchena 2015, 2018) and 
Romanian (Bîlbîie 2017). 
(1)  *Alfonso stole the emeralds, and I think [that Mugsy the pearls]. (Hankamer 1979) 
(2)  John ate oysters...  

a. and I { ?think | ?believe | ??hope | suspect | ?was told | imagine} Mary swordfish. 
b. and I { ?*found out | *remember | *deny | ?*know} Mary swordfish. 
c. and I {*am proud | *am angry | *am surprised} Mary swordfish. (Weir 2014) 

(3) Pero el chico la ama y dicen que ella a él. (CORLEC, CONV 033A) 
‘But the boy loves her and they-say that she him.’ 

We show, based on 4 acceptability judgment tasks for Spanish, Romanian and English, that 
there is cross-linguistic variation with respect to embedded gapping, and that two constraints 
seem to be at work: on the semantic side, non factive verbs embed more easily than factive 
ones (Kiparsky & Kiparsky 1970, Karttunen 1971), independently of ellipsis; on the syntactic 
side, no complementizer (with non factive verbs) embeds more easily than a complementizer 
(Jaeger 2006, 2010).  

To test the semantic constraint, we ran 3 experiments (24 experimental items and 12 control 
items each), using a 2x3 design (gapping, embedding-nonfactive, embedding-factive), with 
similar materials (and similar distractors) in each language (4). The rating scale was 1-10 in 
Spanish and Romanian, and 1-7 in English. We had 56 participants for Spanish (on AMT), 72 
for Romanian, and 51 for English (on AMT).  
(4) a. [±gapping, +embed, +factive] 
  (S) En el bar, Pablo pidió una cerveza y me molesta que Juan (pidió) un whisky. 
  (R) La restaurant, Paul a comandat o bere şi mă îngrijorează că Florin (a comandat) un whisky. 
  (E) At the bar, Paul ordered a beer and it bothers me that John (ordered) a whisky. 

b. [±gapping, +embed, –factive] 
 (S) En el bar, Pablo pidió una cerveza y sospecho que Juan (pidió) un whisky. 
 (R) La restaurant, Paul a comandat o bere şi bănuiesc că Florin (a comandat) un whisky. 
 (E) At the bar, Paul ordered a beer and it seems that John (ordered) a whisky. 
c. [±gapping, –embed] 
 (S) En el bar, Pablo pidió una cerveza y Juan (pidió) un whisky. 
 (R) La restaurant, Paul a comandat o bere şi Florin (a comandat) un whisky. 

(E) At the bar, Paul ordered a beer and John (ordered) a whisky. 
To test the syntactic constraint, we ran Experiment 4 on English, using a 2x2 design 

(±gapping, ±that), with 20 experimental items (5), with non factive verbs, and 24 distractors from 
an unrelated experiment; the rating scale was 1-7 and we had 49 participants (on AMT). 
(5) a. [±gapping, + that] 

At the corner shop, Peter stole cigarettes and I think that Larry (stole) chocolates. 
 b. [±gapping, –that] 

At the corner shop, Peter stole cigarettes and I think Larry (stole) chocolates. 
We only report significant results (p<0.01) using linear mixed-effects models. In Spanish and 

Romanian, embedded gapping is as acceptable as embedded non-gapping under non factive 
verbs. In English, there is an interaction between gapping and embedding (mean z-score for 
embedded gapping –0.8). Moreover, factivity is significant in all languages: embedded clauses 
under a factive verb are less acceptable than under a non factive verb. Interestingly, this effect 
is not correlated with ellipsis in Spanish (no significant difference between gapping and non-
gapping).  
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Experiment 4 shows a significant effect of complementizer, a significant effect of gapping and 
a significant interaction between the two. The absence of complementizer renders embedded 
gapping more acceptable.  

We conclude that the No Embedding Constraint on gapping cannot be maintained. 
Embedded gapping is affected not only by the semantic class of the embedding predicate, but 
also by the presence/absence of the complementizer. The difficulty of coordinating a simple 
clause and a complex clause may result from a more general parallelism constraint on 
coordination (Frazier & Clifton 2000) and the further penalty on factive verbs may come from 
their non-assertive nature (Hooper 1974) and/or from the QUD-incongruence (Ginzburg 2012). 
 
References: • Bîlbîie, G. 2017. Grammaire des constructions elliptiques. Une étude comparative des phrases sans 
verbe en roumain et en français. Berlin: Language Science Press. Farudi, A. 2013. Gapping in Farsi: a crosslinguistic 
investigation. PhD thesis, Amherst. • Frazier, L. & C. Clifton 2000. Processing coordinate structures. Journal of 
Psycholinguistic Research 29(4), 343-370. • Garcia-Marchena, O. 2015. Phrases averbales et fragments de 
l’espagnol oral. PhD thesis, Paris 7 University. • Garcia-Marchena, O. 2018. Polar verbless clauses and gapping 
subordination in Spanish. In E. Fuß et al. (eds.), Grammar and Corpora 2016, 169-182. Heidelberg University 
Publishing. • Ginzburg, J. 2012. The Interactive Stance: meaning for conversation. OUP. • Hankamer, J. 1979. 
Deletion in coordinate structures. Garland Pub. • Hooper, J. 1974. On assertive predicates. Syntax and Semantics 4, 
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World Knowledge and the Interpretation of Relative and Absolute Adjectives 
Barbara Tomaszewicz & Petra B. Schumacher (Universität zu Köln) 
btomasze@uni-koeln.de 
 
We show that the effects of world knowledge, how familiar everyday objects are associated with 
particular thresholds of gradable properties, blur the absolute-relative distinction in an offline 
task, but reveal it during online processing. 
Background. Gradable adjectives fall into two classes: relative adjectives, such as ‘short’, that 
require context for their interpretation, and absolute adjectives, ‘empty’, ‘spotted’, that can have 
context independent meanings (Rotstein & Winter 2004, Kennedy & McNally 2005, Kennedy 
2007). To judge whether the sentence ‘This vase is short’ is true, you need to know the 
comparison set of other relevant vases to establish a contextual threshold for shortness. To 
judge a vase as ‘empty’ you only need to know if the maximum threshold of emptiness is 
reached, other vases are irrelevant. To judge whether a vase is ‘spotted’, you can take one spot 
as the minimum threshold. The shifting thresholds of absolute adjectives can be treated as a 
pragmatic phenomenon (Kennedy 2007, Leffel et al. 2016, 2017, a.o.) or a semantic one 
where the probabilistic knowledge of the threshold is derived from the prior degree distribution 
just like with relative adjectives (Lassiter & Goodman, 2013, 2015; Qing & Franke, 2014a, 
2014b). Assuming that everyday objects are associated with a typical threshold of a property, 
e.g., all the skirts in Fig.1 can be described as ‘short’, do we find evidence for the absolute-
relative distinction with offline and online measures? 
Rating task. We followed the design of Kim et al. (2013, 2014), Leffel et al. (2017) who found 
that thresholds of relative adjectives are midway on the scale, but those of absolute adjectives 
are close to the endpoints. This effect was stronger for abstract 3D figures than everyday 
objects. We created 187 adjective-object pairs in photographs of 5 degrees of a familiar 
property (Fig.1) for 14 relative and 14 absolute (8 max, 6 min) adjectives. In an offline task (in 
German), participants chose between Yes/No/Don’t Know for each of the 5 pictures in a set, 
counterbalanced for left-right and right-left order (Exp.1, n=72, 84 targets, Exp.2, n=72, 103 
targets). Averaging over the 5-point scales for each adjective-object pair, we obtain the curves 
in Fig.2-3. LMEMs reveal no effect of adjective type (Exp. 1, p=.95, Exp.2, p=.55), effect of 
degree (p<.0001, p<.0001) and a significant interaction (p<.0001, p<.0001) (significant for 
almost all levels of the degree and adjective variables, sum-coding). The averages hide a great 
underlying variability, therefore, we ran a clustering algorithm revealing 3 clusters, Fig.4. Each 
cluster contained adjectives from all classes (see table). This result supports the 
probabilistic approach. Cluster 3 contained most uniform profiles, spanning all 5 degrees, and 
the largest number of adjectives (13 relative, 14 absolute).  
ERPs. From cluster 3 we selected 10 relative and 10 absolute (5 min, 5 max) adjectives that 
had 3 adjective-object pairs in the cluster. If these 60 items are visually similar and elicit similar 
rates of Yes/No responses, any differences in processing can be attributed to the differences in 
meaning. In an EEG study (in German), participants (n=30) first saw a set of 5 pictures (as in 
Fig.1), then a red frame appeared selecting degree 2 or 4 (counterbalanced order), followed by 
a serial presentation of a sentence, e.g., ‘This / is / short’. The adjective either matched or 
mismatched the selected degree. We added two conditions for which mismatches resulted in 
semantic and world-knowledge violations (Hagoort et al., 2004), Fig.5, to compare the cognitive 
mechanisms underlying the 4 types of No-judgments. We analyzed ERPs for the adjective 
between 300-500ms post-adjective onset. Using LMEMs, crossing Adjective Type, Yes-No, 
Hemisphere and Saggitality, we find four main effects (all p<.0001) and significant interactions. 
Fig.6 shows the differences between Yes and No conditions. Looking at only matching Yes 
conditions, we find no main effect of Adjective Type (p=.11). For No conditions, there is an 
effect of Adjective Type (p<.0001), and 3 levels Absolute, Relative, Semantic are significantly 
different (p<.0001). The Semantic No condition elicited a clear N400 effect (Fig.7), while 
Absolute elicited positivity. Relative elicited a negative shift, indicating that during online 
processing relative thresholds are probabilistically resolved, while absolute thresholds are 
stable. This result is compatible with both pragmatic and probabilistic accounts. 
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Fig. 1 Sample items in Exp 1-2  
 

Adjective Type: 
Degree of property: 

1 2 3 4 5 
 

RELATIVE 
short 

 
 

ABSOLUTE 
MINIMUM 

spotted 
 

 
ABSOLUTE 
MAXIMUM 

empty 
 

 
Fig. 2   Results Exp 1 Fig. 3   Results Exp 2 Fig. 4  Clusters from Exp 1-2 

   
 

No. of adjectives in: Relative Absolute Min Absolute Max Total 
Cluster 1 14 4 7 25 
Cluster 2 11 3 2 16 
Cluster 3 13 6 8 27 

 

Fig. 5   Sample items from additional conditions in Exp 3 
 

SEMANTIC VIOLATION 
wooden 

 
 

WORLD-KNOWLEDGE 
VIOLATION 
endagered 

 
 

 

 
 
Fig. 6   Difference maps for the Yes vs. No condition 

Fig. 7   No Responses 

     

 

——Relative ——Absolute ——Sem ——World   
 



 

Gender effects on gender neutral reflexives resolution 
Yuhang Xu, Jeffrey Runner and Michael Tanenhaus (University of Rochester) 
yuhang.xu@rochester.edu 
 

Studies on anaphor resolution demonstrate that people use a variety of constraints to identify 
antecedents (1, 2). However, how these constraints interact during resolution still remains unclear 
(3). One possibility, following cue-based retrieval models (5, 6), is that anaphor resolution is a 
“cue-feature” matching process employing cues derived from the anaphoric form and its local 
syntactic context to select antecedents (e.g., feminine gender on “herself” and its referential 
domain determined by binding principles). One relevant phenomenon is the similarity-based 
interference (4) where antecedents sharing the same features compete with each other during 
resolution. Another possibility, following probabilistic generative approaches to language 
processing (7– 9), is that people constantly make predictions and apply constraints in a context-
sensitive weighted fashion to determine the appropriate antecedent: candidates sharing the same 
features will have a similar probability of being the antecedent at a particular time point. The two 
approaches make the same predictions about the “final product” of resolution (e.g., final 
interpretations of the anaphor and error rates in decisions). However, they differ on the process 
of the resolution: i.e., competition during memory retrieval vs. dynamic changes in the probability 
of being a potential antecedent. Here, we aim to adjudicate between these two hypotheses 
using the gender-neutral Chinese reflexive ziji as a test bed to explore if people are sensitive 
to contextual gender information both in final interpretations (Exp1) and during the initial stages 
of resolution (Exp2). Predictions. Because ziji does not require a gender-matching antecedent, 
cue-based retrieval models would not predict any gender effect during resolution. The probabilistic 
generative approach, on the other hand, predicts that even before encountering the reflexive, 
people are sensitive to contextual information—including gender information—that determines 
the probability of each potential antecedent.  
Exp1. Off-line judgment task. 43 Mandarin Chinese native speakers were asked to choose the 
antecedent of the reflexive ziji in bi-clausal sentences (“NP1-V1-NP2-V2-ziji”) and provide their 
acceptability ratings (Table 1). We manipulated the gender of NP1 (male/female) and the gender 
type of the two NPs (same/differ gender) using stereotyped names taken from (11). Figure 1 
shows that people generally preferred NP1 (matrix subject) as the antecedent. Also, people had 
more alternative choices (i.e., NP2 choices) when the two NPs shared the same gender (!=-.76, 
z=-2.38). Results indicated that people were sensitive to the gender information even when the 
anaphoric form did not provide a gender cue.  
Exp2. Visual world eye-tracking. Another 40 Mandarin Chinese native speakers were asked to 
click on the image representing the last word they just heard (critical item: “NP1-V1-NP2-PP-V2- 
ziji”) from a display containing images of two NPs (occupations) and a locative PP mentioned in 
the sentence. We manipulated the gender of NP1 (male/female) and the gender pair of the two 
NPs (same/differ gender) using gender marked clipart (Table 2). We analyzed people’s eye- 
movements for 1200ms starting 200ms prior to the onset of the reflexive ziji (Figure 2, “NP1 
advantage”: NP1/(NP1+NP2)). We found an early “gender” effect: more competition (i.e., fewer 
NP1 fixations) between the two NPs when they differed in gender (i.e., two different gender 
images presented; -200-200ms: !=0.98, z=4.17). This trend carried over to the 200~600ms 
window (!=1.02, z=1.96). During this early stage of resolution, people tended to use the 
contextual gender information to guide their antecedent search. This effect occurred even before 
the onset of ziji, providing strong evidence that people were making predictions of upcoming forms 
using all contextually available cues.  
Taken together, both approaches can explain the final interpretation of ziji: e.g., the cue-based 
retrieval approach takes it as a similarity-based competition due to interference (10) when facing 
two same gender candidates (Exp1). Only the probabilistic generative approach explains the 
pattern that the different gender pair induced more competition between two candidates before 
encountering the reflexive (Exp2): we hypothesize that the gender cue in the different gender 
condition is weighted higher because this gender information could subsequently be used to 
distinguish two candidates differing in gender. These expectation-based effects are above and 
beyond the cue-feature matching-based memory retrieval during resolution.  
  

norielleadricula
Text Box
Poster Session B: Saturday, 8:15 - 10:00 AM,  Location: The Ballroom, #B58



 

Design and Materials   
Table 1: Exp1 Off-line judgment task: 

Task:                         1. Antecedent choice task                 “Who does ziji refer to?”           
                                   2. Judgment task (7-point scale)      “How to do you feel about this sentence?” 
Manipulations:          NP1 gender type:         Male vs. Female name 
                                   Gender pair type:         Same vs. Differ gender names 
Stimuli:                      16 items+40 fillers.                                           See a sample below: 
NP1 V1("say") NP2 PROG V2 Reflexive 
��/�� �� ��/�� � �
 �� 
Male/Female Name say Male/Female Name PROG talk about Self 

 
Table 2: Exp2 Visual-world eye-tacking: 

Task:             “Click on the image that represents last word you have just heard.” 
Display: Manipulations: 

 

A. NP1 gender type:  
     Male vs. Female image 
B. Gender pair type: 

Same vs. Differ gender pair  
Stimuli:                        16 items+36 fillers; spoken materials 
NP1 V1("say") NP2 PP V2 Reflexive 
��	 �� ��	 �� �
� �� 
Chef Zhang say Teacher Li in the post office talked about self 

Results 

  
Figure 1: Off-line judgment task results  Figure 2: Visual world eye-tracking results   
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Processing information structural ambiguity: Contrastive Topics in Estonian 
Marju Kaps (University of California, Los Angeles) 

mkaps@ucla.edu 
Background. While a large literature is devoted to incremental syntactic parsing, there is 

considerably less work addressing the online interaction between syntactic constraints and 
information structure (IS). Some syntactic representations have been argued to obligatorily 
encode an IS component [1] and previous work on discourse-configurational languages, e.g. [2] 
on Finnish, indicates that comprehenders use non-canonical word order to anticipate the 
discourse status of upcoming referents. The present study investigates Estonian verb-third (V3) 
clauses, which syntactically necessitate the presence of a preverbal Contrastive Topic (CT,  
see 1) [3], but allow for flexible preverbal word order. I report an apparent asymmetry in which the 
parser commits to object contrast upon encountering a non-canonical, clause-initial object, but 
appears to underspecify the placement of contrast in temporarily information structurally 
ambiguous subject-initial clauses. I propose that the parser forms an underspecified IS 
representation when encountering information structurally ambiguous material, whereby general 
processing biases such as preferences for structural parallelism [4] have weakened influence. 

Contrastive Topics in Estonian. Estonian is a canonically SVO language [5] but allows 
V3 order (e.g. SOV and OSV) when a preverbal CT is present [6]. As the use of V3 necessitates 
a CT [3], the parser might be expected to assign CT status to a preverbal element during online 
processing. CTs need a salient alternative in the discourse, which may for instance occur in a 
following CT remnant stripping ellipsis clause (see [7] for German), where the grammatical case 
of the remnant disambiguates the intended CT of the matrix clause as a subject or object. As 
matrix clause-initial subjects are canonical, they constrain the information structure of the clause 
less than initial objects. If the parser does compute contrast status incrementally, I predict that 
the parser makes more syntactically fine-grained commitments to information structure in OSV 
clauses compared to SOV clauses. Alternatively, a structural parallelism account predicts initial 
CT preference regardless of word order, as the CT is clause-initial in the ellipsis clauses following. 

Speeded Acceptability Task. Native Estonian speaking participants (N=36) judged 
sentences in a timed forced choice RSVP task. Experimental items crossed matrix clause word 
order (SOV vs OSV) with CT remnant type (Subject vs Object), in order to compare the processing 
difficulty associated with a disambiguating CT remnant assigning CT status to a first or second 
position subject or object (see 2). Half of the items were followed by comprehension questions.  

Results and Discussion. Similar asymmetries between SOV and OSV clauses were 
seen in all three measures used, using GLMER or LMER models. Acceptance rates showed an 
interaction between word order and remnant type (p<.001), with an increased clause-initial CT 
preference in OSV clauses compared to SOV clauses. Reaction times to “yes” responses 
showed a penalty for OSV clauses (p<.001) and subject remnants (p<.001), and an interaction 
between word order and remnant type with the OSV subject remnant condition slower than the 
rest (p<.001). Comprehension question accuracy showed a similar penalty for second-position 
CTs in OSV clauses. Pairwise comparisons revealed no remnant type effects for the temporarily 
canonical SOV clauses in the three measures, suggesting that in SOV clauses, comprehenders 
may form a syntactically underspecified representation of contrast. OSV clauses bias the reader 
towards an object CT, as evidenced by increased sentence rejections, slower acceptance times 
and poorer comprehension question accuracy when a dispreferred subject CT is encountered, in 
line with clause-initial objects imposing tighter restrictions on the IS of the clause (perhaps forcing 
the parser to commit to a CT structure early, assigning CT status to the initial object).  

Conclusion. The present study provides evidence that the parser rapidly computes 
information structure, provided that the word order of the target clause is sufficiently informative. 
This work raises questions to be addressed by future studies on the time course and specificity 
of integrating syntactic, information structural and contextual cues during online comprehension. 
Further, our findings highlight the value of cross-linguistic research in studying syntactic parsing. 
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(1) CT example. Do John and Bill like Mary? JOHNCT likes Mary but BILLCT doesn’t <like Mary> 

(2) Sample item. 24 experimental items. 2x2, crossing matrix order (SOV, OSV) and remnant 
category (Subject, Object), disambiguated by case. Presented along with 84 fillers. 

SOV, SCT: Initial subject contrast 
Ants    Jaanikat ilmselt  ei armasta, Margus  aga küll 
Ants.NOM   Jaanika.PART apparently NEG love  Margus.NOM but AFF 
’Apparently Ants doesn’t love Jaanika, but Margus does.’ 

SOV, OCT: Second-position object contrast 
Ants    Jaanikat ilmselt  ei armasta, Hellet  aga küll 
Ants.NOM Jaanika.PART apparently NEG love  Helle.PART but AFF 
’Apparently Ants doesn’t love Jaanika, but he does love Helle.’ 

OSV, SCT: Second-position subject contrast 
Jaanikat Ants  ilmselt  ei armasta, Margus  aga küll 
Jaanika.PART Ants.NOM  apparently NEG love  Margus.NOM but AFF 
’Apparently Ants doesn’t love Jaanika, but Margus does.’  

OSV, OCT: Initial object contrast 
Jaanikat Ants  ilmselt  ei armasta, Hellet  aga küll 
Jaanika.PART Ants.NOM  apparently NEG love  Helle.PART but AFF 
’Apparently Ants doesn’t love Jaanika, but he does love Helle.’ 
Figures. Means and standard errors shown, sig. differences in pairwise comparisons marked. 
The pattern indicates a penalty for object remnants after OSV clauses, due to mismatching IS. 
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Inferable constituents are not deaccented: Phonetic and perceptual evidence 
Jeffrey Geiger & Ming Xiang (University of Chicago) 

jgeiger@uchicago.edu 
 

Introduction: Any theory of emphasis in English must grapple with the close connection between 
a constituent’s accent status and its discourse availability [1-5]. One proposal holds that a 
constituent can be deaccented if it has been instantiated in a structurally isomorphic position in 
the prior discourse context. “Instantiation” has been proposed to include not only those 
constituents overtly used in the antecedent, but also those that can be inferred from it via 
entailment-like or bridging inferences [2-5]. While the claim that inferable constituents can be 
deaccented is common in the literature, only introspective judgments have been reported, and 
there has not been a rigorous empirical investigation of the felicitousness of deaccented inferable 
constituents. We used production and perception experiments to investigate the licensing of 
deaccenting for new, inferable, and repeated constituents. While repeated constituents were 
reliably deaccented as expected, there was no evidence that inferable constituents were 
pronounced with different emphasis from discourse-new constituents, undermining the claim that 
discourse relations like entailment or bridging license deaccenting.  
In Experiment 1, 10 native English speakers (5 female, mean age 21.9) read 36 sentences of 
the form SVO and SVO embedded in a carrier paragraph. In the SVO and SVO sentence, the 
number of syllables prior to the onset of the second subject was held constant. The second subject 
was always a discourse-new, one-syllable proper name, the second verb was always an iamb, 
and the second object was always a trochee that was identical to the first object. Experimental 
items were constructed in 3 conditions; the second clause did not change by condition, but the 
first verb varied so the second verb could be completely new to the discourse (Unrelated), 
inferable from the first clause (Related), or identical to the first verb (Repeated). In 6 of 12 
experimental items, the relation in the Related condition was entailment-like (hugged-embraced), 
while in the other 6, the second verb was made available by a possible bridging inference 
(charmed-seduced; Table 1). We use “entailment” to mean that x Verb1 y entails x Verb2 y, while 
“bridging” means that the verbs are semantically related and can be construed as denoting 
comparable events (e.g., by accommodation). Verb pairs were normed for the strength of the 
inference relation in a separate study. The analysis focused on three phonetic correlates of 
emphasis in English [6-8]. For the stressed nucleus of each second-clause verb, mean f0, mean 
intensity, and duration were extracted, and relative values of mean f0, mean intensity, and duration 
were also calculated as a ratio to the corresponding values for the second-clause subject nucleus 
(Figure 1). Linear mixed effect regression analysis for each phonetic variable revealed a 
significant effect of the second verb’s discourse status on its phonetic realization (all p’s<.05). 
Paired comparisons showed that the phonetic values for Repeated verbs were significantly lower 
than those for Unrelated verbs (p’s<.001) and for Related verbs (p’s<.001), while the values for 
Unrelated and Related verbs were not significantly different (p’s>.2). The only exception was for 
relative duration among entailment items, where the difference between Related and Repeated 
verbs was not significant (p>.1). These findings suggest that Repeated verbs were reliably 
deaccented, while Unrelated and Related verbs were not, calling into question the claim that 
deaccenting is licensed by inferencing relations like entailment and bridging. 
Experiment 2 investigated the possibility that the phonetic cues studied in Experiment 1 are an 
inadequate description of the emphasis status of the critical verbs by soliciting naïve judgments 
of the accent status of the recorded verbs removed from their conditioning context. 200 self-
reported native English speakers (62 female, mean age 34.3) recruited on Amazon Mechanical 
Turk listened to the recorded second SVO clauses from Experiment 1 in isolation and rated the 
verb as “emphasized” or “not emphasized”. The proportions of “emphasized” responses by 
condition are shown in Figure 2. Logistic mixed effect regression analysis showed a significant 
effect of the verb’s discourse status (p<.001). The proportion of “emphasized” responses was 
significantly different for Repeated and Unrelated (p<.001) and Repeated and Related (p<.001), 
but not Unrelated and Related verbs (p>.2), confirming that Related verbs were not deaccented. 
Conclusion: The results undermine the claim that inferable constituents can be deaccented, and 
set the stage for perception research investigating whether naïve listeners judge deaccented 
inferable constituents to be felicitous. 
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Verb relation Sentence Mean verb relatedness score 

Unrelated 
Elijah rebuffed Laura, and 
Ron embraced Laura. 1.8 / 7 

Related 
(Entailment) 

Veronica hugged Laura, and 
Ron embraced Laura. 6.7 /7 

Repeated 
Christina embraced Laura, and 
Ron embraced Laura. N/A 

Unrelated 
Madeline offended Noah, and 
Al seduced Noah. 2.1 / 7 

Related 
(Bridging) 

Angelina charmed Noah, and 
Al seduced Noah. 5.5 / 7 

Repeated 
Jocelyn seduced Noah, and 
Al seduced Noah. N/A 

  

Table 1: Sample stimuli for Experiment 1 
 

 
 

Figure 1: Phonetic measures by verb relation type and condition for Experiment 1. Top row, left 
to right: absolute mean f0, absolute mean intensity, absolute duration. Bottom row, left to right: 
relative mean f0, relative mean intensity, relative duration. Error bars: Standard error. 
 

Figure 2: Proportion of “emphasized” responses by condition for 
Experiment 2. Error bars: standard error. 
 
References: [1] Selkirk (1984), Phonology and Syntax. [2] Rooth 
(1992), Stuttgart Ellipsis Workshop. [3] Tancredi (1992), Deletion, 
Deaccenting and Presupposition. [4] Schwarzschild (1999), Natural 
Language Semantics 7(2). [5] Wagner (2012), Contrasts and Positions 
in Information Structure. [6] Sluijter & van Heuven (1996), ICSLP 96. 
[7] Campbell & Beckman (1997), ESCA Workshop. [8] Turk & White 
(1999), Jour. of Phonetics 27(2). 



Prosodic Marking of Grammatical Roles in Turkish Sentences 

M. Yarkin Ergin & Karin Stromswold (Rutgers University) 

 yarkin.ergin@rutgers.edu 

Sentences are riddled with temporary ambiguities, yet adults process sentences in real-time and 
rarely misunderstand them. How are people able to do this, despite the daunting computational 
problems posed by considering many parses that are possible at any given point in a sentence? Most 
research on sentence processing has investigated the syntactic cues that people use to understand 
sentences. However, because these studies are generally conducted on fixed word order languages, 
they have typically found that people rely heavily on word order as a cue for “who did what to whom” in 
sentence processing. But how do people determine the meaning of sentences in free word order 
languages like Turkish, where word order is less predictive of a sentence’s meaning? One possibility is 
that sentences in free word order languages contain early probabilistic acoustic cues that allow people 
to predict the eventual parse of the sentence, thereby reducing the number of possible they must 
consider. This study investigates whether such acoustic cues for syntactic structure exist in spoken 
Turkish.  

Turkish is generally considered to be a free word order language because, if a sentence’s object 
receives accusative casemarking (Oi), all 6 possible word orders (SOV, OVS, SVO, OSV, VSO, VOS) 
are grammatical. However, if a sentence’s object is not casemarked (Oø), only SOV and OVS word 
orders are grammatical. Because OVS sentences are rarer and more pragmatically marked than SOV 
sentences, we predicted that Turkish-speaking adults would prosodically mark OVS sentences relative 
to SOV sentences. Because object casemarking unambiguously indicates a noun is an object, we 
predicted that Turkish speakers would prosodically mark sentences that have non-casemarked objects.  

METHOD. Seven native Turkish-speaking adults read aloud 4 types of sentences that were 
created by orthogonally crossing word order (SOV/OVS) and object casemarking (Oi/Oø). Each of the 4 
sentence types appeared in 36 scenarios for a total of 144 sentences (see Figure 1). Scenarios were 
created by pairing two nouns with 36 verbs such that either noun was equally likely to be the agent of 
the sentence (e.g., the nouns “man” and “woman” were paired with “see”). Sentences were presented 
in pseudorandom order, and participants read sentences silently to themselves until they understood its 
meaning, and then read the sentence aloud in a clear and natural manner. Participants’ productions 
were recorded using a Shure SM10A microphone set to a sampling rate of 44.1 kHz. Morpheme 
boundaries were marked by hand and the mean amplitude, mean fundamental frequency (F0) and 
duration of each morpheme was determined using Praat (version 6.0.37, Boersma & Weenink, 2018).  

RESULTS. Due to space limitations, we restrict our discussion to F0 because it is the primary 
acoustic cue for making a constituent prominent (e.g., topicalization). In the analyses, constituent’s root 
morphemes were numbered (e.g., SOV, S=1, O=2, V = 3). ANOVAs of mean F0 for all 4 sentence 
types with sentence structure and constituent number as fixed effects and subject as a random effect 
showed a significant interaction between sentence structure and constituent number, F(6, 36) = 6.618, 
p < .001. Planned comparisons of SOøV and SOiV sentences, and of OøVS and OiVS sentences 
revealed that there was a sharper drop in mean F0 in the transition from object to verb in sentences 
when objects were not casemarked (OVS: F(1,6) = 28.475, p < .01, see Figure 2; SOV (F(1,6) = 
10.859, p < .05, see Figure 3). Post-hoc analyses confirmed that the difference in OV drop was the 
source of the interactions: For OVS sentences, the O-V drop was 19.1 Hz for OøVS and 3.02 Hz for 
OiVS (t(501) = 3.987, p < .001), and for SOV sentences, the O-V drop was 33.58 Hz for SOøV and 
10.32 Hz for SOiV (t(494) = 6.899, p < .001).  

DISCUSSION.  The greater pitch-drop in sentences with non-casemarked objects compared to 
those with casemarked objects serves to mark prosodically that a non-casemarked noun is the object of 
the sentence. Turkish speakers may consciously or unconsciously be signaling to the listener that a 
hard-to-understand sentence is about to be uttered. If this is true, Turkish adults should have less 
difficulty understanding non-casemarked sentences when they are prosodically heavily marked. 
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Object-marked    Object-unmarked 

SOV       Boy girl-acc chased.      Boy girl chased. 

OVS       Girl-acc chased boy.      Girl chased boy. 

Figure 1. An example of four type of sentence for one scenario. All of the sentences mean “The boy 
chased the girl.” 

 
Figure 2. Average fundamental frequency for of OøVS and OiVS sentences. 

 
Figure 3. Average fundamental frequency for SOøV and SOiV sentences. 



Ellipsis and the QuD: evidence from sluicing with nominal antecedents 
Till Poppels & Andrew Kehler (UC San Diego) 
tillpoppels@gmail.com 
 

Background Sluicing, exemplified in (1), is a cross-linguistically prevalent form of clausal ellipsis that              
occurs after interrogative wh-phrases. Traditionally, IDENTITY theories have postulated that sluices are            
acceptable only if the elided material (he ate in ex. 1) is identical to its antecedent (underlined) either                  
semantically (Merchant, 2001), syntactically (Chung, 1995; Rudin, 2018), or both (Chung, 2013;            
Merchant, 2013). Alternatively, QUD theories propose that sluices will be acceptable insofar as they              
correspond to a Question under Discussion (Roberts 1998/2012) made salient by the antecedent clause              
(AnderBois, 2011, 2014; Barros, 2014; Kotek & Barros, 2018). While IDENTITY and QUD theories              
tend to make overlapping predictions in canonical cases of sluicing, we aim to distinguish them by                
examining a (to our knowledge) previously unnoticed class of examples with nominal antecedents,             
exemplified in (2). According to IDENTITY theories, the lack of a clausal antecedent should render such                
cases categorically ungrammatical. QUD theories, on the other hand, predict that the acceptability of              
such sluices will depend on the propensity of the context to serve up the relevant QUD. 
 

Experiment 1 63 native English speakers were recruited via Amazon.com’s Mechanical Turk to rate              
the acceptability of 30 sluices with nominal antecedents (Fig. 1), constructed by combining 6 contexts               
with 5 different wh-phrases each, as shown in (2). Each participant saw 6 sluices (one in each context)                  
along with 6 acceptable and 6 unacceptable fillers, which were sampled from the literature and involved                
canonical sluicing with clausal antecedents. The results revealed considerable variability across items            
(Fig. 3): nominal-antecedent sluices (gray) covered the entire range of possible acceptability ratings. This              
is unexpected under IDENTITY theories for two reasons. First, a subset of the cases received high ratings                 
despite the lack of an identical antecedent. Second, the clear gradience in acceptability casts doubt over                
the possibility of capturing the data in a categorical fashion. Under QUD theories, on the other hand, such                  
gradience may arise if the availability of the relevant QUD varies as well. 
 

Experiment 2 To test this prediction, Expt 2 (N=47) aimed to measure the availability of the QUD                 
associated with each sluice. Participants performed a forced-choice passage completion task in which             
they were presented with incomplete variants of the items from Expt 1 (the entire passage except for the                  
sluice) and selected the sentence continuation they thought was most likely in this context (see Fig. 2).                 
The possible continuations consisted of overt wh-questions corresponding to each of the sluices from              
Expt 1, which were determined in a separate norming experiment (N=31) that had participants paraphrase               
each sluice in a free-response task. The probability distributions resulting from the passage completion              
task provide an estimate of comprehenders’ expectations regarding the upcoming QUD in each context.              
As predicted by QUD theories, this measure of QUD availability explained a significant amount of the                
variance in acceptability we found in Expt 1 (β = 1.8, p = 0.037; see Fig. 4). 
 

Conclusion Our key findings are twofold. First, contrary to the predictions from IDENTITY theories,              
we found the acceptability of sluicing with nominal antecedents to be highly variable across sluices and                
contexts (Expt 1). Second, as predicted by QUD theories, a significant portion of that variance can be                 
explained in terms of the degree to which the context makes the relevant QUD available. 
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(1) John ate something, but I don’t know what he ate. 
(2) A: I can’t see your parents in the audience. Did you not tell them about your performance today?                  

B: I did, but I forgot to tell them {when|where|what about|how long|why}. 

Figure 1. Sample trial from Expt 1. 
 

Figure 2. Sample trial from Expt 2. 
 

 
Figure 3. Average acceptability ratings of      
nominal-antecedent sluices (gray) alongside    
acceptable (white) and unacceptable (black) fillers      
measured in Expt 1. Error bars show Standard        
Errors. 

 
Figure 4. Forced-choice passage completion    
estimate of QuD availability (Expt 2) explains       
some of the variance in acceptability rating for       
nominal-antecedent sluices (Expt 1). Error bars     
show Standard Errors (y) and 95%      
Clopper-Pearson exact CIs (x). 

 
References 

AnderBois (2011, SALT). Sluicing as anaphora to issues. AnderBois (2014, Language). The semantics of sluicing:               
Beyond truth conditions. Barros (2014, PhD thesis ). Sluicing and identity in ellipsis. Chung (1995, NLS ). Sluicing                
and logical form. Chung (2013, Linguistic Inquiry). Syntactic identity in sluicing: how much and why. Kotek &                 
Barros (2018, Linguistic Inquiry). Multiple sluicing, scope, and superiority: Consequences for ellipsis identity.             
Merchant (2001). The Syntax of Silence. Merchant (2013, Diagnosing Syntax). Polarity items under ellipsis.              
Roberts (1998/2012, Semantics & Pragmatics). Information Structure in Discourse: Towards an Integrated Formal             
Theory of Pragmatics. Rudin (2018, Linguistic Inquiry). Head-based syntactic identity in sluicing. 



The influence of prosody on (non-)restrictive relative clause interpretation 
Daniel Amy & Jeffrey Witzel (University of Texas at Arlington) 
daniel.amy@mavs.uta.edu 

This study investigates the role of prosody in disambiguating between non-restrictive relative 
clauses (NRRCs) and restrictive relative clauses (RRCs) in spoken language comprehension. 
While comprehension studies have shown that prosody is used to disambiguate between high 
and low attachment for RRCs (Schafer et al., 1996) and between relative clause and complement 
question interpretations (Schafer et al., 2000), research on the use of prosody to disambiguate 
between NRRCs and RRCs has focused primarily on production. For example, studies by 
Hirschberg and Avesani (1997) and Watson and Gibson (2004) have shown that speakers 
produce the prosodic pattern associated with NRRCs more frequently when reading NRRC-
biased contexts than RRC-biased contexts. The present study, however, examines the extent to 
which comprehenders use prosody when developing distinct semantic representations for these 
relative clause types. This was done by focusing on a difference between NRRCs and RRCs 
related to the truth conditions associated with these clauses. Specifically, it has been argued that 
while NRRCs establish the exact size of the set associated with the head noun, RRCs establish 
the minimal size of the set (Demirdache, 1991). This study investigates whether hearing the 
distinct prosodic patterns associated with these two relative clause types gives rise to these 
different interpretations during real-time language comprehension. 

Native speakers of English (N=20) listened to context statements containing string-ambiguous 
wh- relative clauses that differed in their prosodic pattern (NRRC, RRC), (1b) and (1c), and rated 
the plausibility of continuation statements, (2), on a 1 (completely implausible) to 5 (perfectly 
plausible) Likert scale. The prosodic patterns followed those discussed by Garro & Parker (1982) 
with respect to pause duration and pitch contour. In order to be considered plausible, continuation 
statements required a minimal set interpretation of the context statement. A bi-sentential control, 
(1a), and a that RRC control, (1d), were included to serve as unambiguous implausible-biased 
and plausible-biased contexts, respectively. If prosody is used to disambiguate between NRRC 
(exact set) and RRC (minimal set) interpretations, the continuations were predicted to be rated 
as less plausible after wh- relative clauses with NRRC prosody (wh- NRRC contexts) than after 
the same relative clauses with RRC prosody (wh- RRC contexts). 

(1) a. Tony worked at only 4 restaurants during college. These restaurants were dives.  
b. Tony worked at only 4 restaurants, which were dives, during college. [NRRC prosody] 
c. Tony worked at only 4 restaurants which were dives during college. [RRC prosody] 
d. Tony worked at only 4 restaurants that were dives during college. 

(2) During college, Tony also worked at several classy restaurants. 

The results confirmed this prediction. As indicated in the figure, the continuations were rated 
reliably lower after wh- NRRC contexts than after wh- RRC contexts and that RRC contexts. No 
differences were found between the wh- RRC and that RRC contexts. While the continuations 
were rated lower after bi-sentential contexts compared to wh- NRRC contexts, both conditions 
generally yielded implausible ratings (< 3). 

In addition to being consistent with the results of Schafer et al. (1996) and Schafer et al. (2000) 
with respect to showing a disambiguating effect of prosody in spoken language comprehension, 
these findings serve as a comprehension analog to production studies on NRRCs and RRCs 
(Hirschberg & Avesani, 1997; Watson & Gibson, 2004). These findings are also in line with the 
difference in the truth conditions between these relative clause types (Demirdache, 1991). This 
suggests that the methodology used in this study can be implemented to validate other claims in 
the formal syntactic literature.  
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Frequency,*predictability*&*lexical*quality*effects:*individual*differences*in*reading*&*
proofreading*
Sara$Milligan$&$Elizabeth$R.$Schotter$(University$of$South$Florida)*
smilliga@mail.usf.edu*

Plenty$of$evidence$suggests$that$low$frequency$and$unpredictable$words$receive$
increased$reading$times$(e.g.,$gaze$durations,$GD),$but$it$is$less$clear$how$the$underlying$
processes$that$give$rise$to$these$effects$contribute$to$reading$skill$across$individuals$(Rayner$&$
Duffy,$1986M$Kretzschmar,$Schlesewsky$&$Staub,$2015).$When$predictability$and$frequency$are$
experimentally$crossed,$the$effects$are$additive$(i.e.,$no$interactionM$Ashby,$Rayner,$&$Clifton,$
2005M$see$Staub,$2015),$suggesting$that$processing$a$word’s$contextual$fit$is$independent$from$
processing$its$surface$form.$Both$effects$vary$across$individuals,$potentially$as$a$function$of$
linguistic$skill$(Ashby,$Rayner,$&$Clifton,$2005).$For$example,$older$individuals$exhibit$both$larger$
frequency$effects$and$predictability$effects$(Rayner,$Reichle,$Stroud,$Williams$&$Pollatsek,$
2006).$Although$low$frequency$and$low$predictability$have$additive$effects$overall,$the$relative$
roles$of$contextual$fit$in$the$sentence$and$lexical$form$across$individuals$are$not$necessarily$
equivalent.$Readers$with$impoverished$lexical$representations$may$use$context$more$than$
stronger$readers$as$a$compensatory$strategy$to$facilitate$comprehension$(Frith,$2017).$

To$further$investigate$the$relationships$between$an$individual’s$sensitivity$to$frequency$
and$predictability,$we$turned$to$a$manipulation$of$reading$goals,$which$should$modify$sensitivity$
to$these$word$properties.$Past$comparisons$of$eye$movements$during$reading$for$
comprehension$and$checking$surfaceZform$of$words$in$sentences$suggest$that$word$frequency$
effects$on$gaze$duration$are$eliminated$during$visual$search$(Rayner$&$Raney,$1996)$but$are$
more$pronounced$during$proofreading$for$spelling$errors.$(Kaakinen$&$Hyönä,$2010).$However,$
pronounced$predictability$effects$during$proofreading$only$occur$when$processing$sentence$
context$is$necessary$for$error$detection$(i.e.,$when$spelling$errors$produce$real,$but$contextually$
anomalous$wordsM$Schotter,$Bicknell,$Howard,$Levy,$&$Rayner,$2014).$

In$a$reanalysis$of$Schotter$et$al.$(2014),$we$investigated$correlations$between$frequency$
and$predictability$effects$for$individual$readers$across$tasks.$Sentences$with$frequency$and$
predictability$manipulations$(separate$stimuli)$had$no$errorsM$another$set$served$as$fillers$in$the$
reading$task$and$contained$spelling$errors$in$the$proofreading$tasks$(pronounceable$&$
unpronounceable$nonwords$in$Exp$1,$contextual$anomaly$words$in$Exp$2).$We$expected$better$
readers$to$show$smaller$frequency$effects$in$reading$and$smaller$slowdowns$for$low$frequency$
words$in$proofreading$due$to$superior$lexical$knowledge.$We$also$expected$worse$readers$to$
show$larger$predictability$effects$in$reading$because$of$compensatory$reliance$on$context,$but$
not$in$proofreading$that$did$not$depend$on$context.$

During$reading,$there$was$a$negative$correlation$between$frequency$and$predictability$
effects$on$GD$among$all$individuals$(N$=$96M$r$=$Z0.277,$p$<$0.01M$Figure$1).$In$proofreading$in$
Exp$1$(N$=$48),$which$did$not$require$contextual$processing,$there$was$a$positive$correlation$
between$frequency$and$predictability$effects$(r$=$0.299,$p$=$0.04M$Figure$2).$This$supports$the$
idea$that$worse$surfaceZform$processing$leads$to$more$reliance$on$sentence$context$when$the$
task$requires$highZlevel$comprehension$(Frith,$2017),$but$suggests$that$it$does$not$extend$to$a$
scenario$involving$checking$for$surfaceZlevel$errors.$$

We$also$investigated$the$relationship$between$reading$speed$during$comprehension$
(i.e.,$GD$in$on$target$words$in$filler$sentences)$and$the$ability$to$detect$errors$of$different$types.$
Reading$speed$was$negatively$correlated$with$both$sensitivity$to$orthographic$and$phonological$
lexicality$during$proofreading$(i.e.$the$ratio$of$GD$on$pronounceable/unpronounceable$nonwords$
in$Exp$1M$r$=$Z0.354,$p$=0.01M$Figure$3)$and$sensitivity$to$word$frequency$when$detecting$
semantic$anomalies$(i.e.,$the$ratio$of$GD$on$error$words$that$are$lower/higher$frequency$than$the$
correct$word$in$Exp$2M$r$=$Z0.347,$p$=$0.02M$Figure$4).$These$patterns$suggest$that$worse$
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readers$rely$more$on$context$because$they$are$less$sensitive$to$not$only$orthographic$and$
phonological$anomalies,$but$also$semantic$anomalies.$$

$

Figure'1.!Correlation!between!the!frequency!effect!(low!–!high!
frequency)!and!predictability!effect!(low!–!high!predictability)!
on!gaze!duration!during!reading!for!comprehension!in!both!
experiments!(96!subjects).!!

!

Figure'2.!!Correlation!between!the!frequency!effect!(low!–!
high!frequency)!and!predictability!effect!(low!–!high!
predictability)!on!gaze!duration!during!proofreading!in!
Experiment!1!(48!subjects).!

Figure'3.'Correlation!between!gaze!duration!!!
on!fillers!during!reading!and!the!ratio!of!gaze!duration!on!
nonword!errors!that!are!pronounceable!and!unE
pronounceable!during!proofreading!in!Experiment!1!(48!
subjects).!!

'

Figure'4.'Correlation!between!gaze!duration!!!
on!fillers!during!reading!and!the!ratio!of!gaze!duration!on!
error!words!that!are!lower/higher!frequency!than!the!
correct!word!during!proofreading!in!Experiment!2!(48!
subjects).!

References$
Ashby,$J.,$Rayner,$K.,$&$Clifton,$C.$(2005).$Eye$movements$of$highly$skilled$and$average$readers:$Differential$effects$of$frequency$

and$predictability.$Q"J"Exp"Psychol"A,"58(6),$1065Z1086.$
Frith,$U.$(2017).$Beneath$the$surface$of$developmental$dyslexia.$In$Surface"dyslexia$(pp.$301Z330).$Routledge.$
Kaakinen,$J.$K.,$&$Hyönä,$J.$(2010).$Task$effects$on$eye$movements$during$reading.$J"Exp"Psychol"Learn"Mem"Cogn,"36(6),$1561.$
Kretzschmar,$F.,$Schlesewsky,$M.,$&$Staub,$A.$(2015).$Dissociating$word$frequency$and$predictability$effects$in$reading:$Evidence$

from$coregistration$of$eye$movements$and$EEG.$J"Exp"Psychol"Learn"Mem"Cogn,"41(6),$1648.$
Rayner,$K.,$&$Duffy,$S.$A.$(1986).$Lexical$complexity$and$fixation$times$in$reading:$Effects$of$word$frequency,$verb$complexity,$and$

lexical$ambiguity.$Memory"&"cognition,"14(3),$191Z201.$
Rayner,$K.,$&$Raney,$G.$E.$(1996).$Eye$movement$control$in$reading$and$visual$search:$Effects$of$word$frequency.$Psychonomic"

Bulletin"&"Review,"3(2),$245Z248.$
Rayner,$K.,$Reichle,$E.$D.,$Stroud,$M.$J.,$Williams,$C.$C.,$&$Pollatsek,$A.$(2006).$The$effect$of$word$frequency,$word$predictability,$

and$font$difficulty$on$the$eye$movements$of$young$and$older$readers.$Psychology"and"aging,"21(3),$448.$
Schotter,$E.$R.,$Bicknell,$K.,$Howard,$I.,$Levy,$R.,$&$Rayner,$K.$(2014).$Task$effects$reveal$cognitive$flexibility$responding$to$

frequency$and$predictability:$Evidence$from$eye$movements$in$reading$and$proofreading.$Cognition,"131(1),$1Z27.$
Downloaded$from$the$Keith$Rayner$Eye$Movements$in$Reading$Data$Collection:$http://dx.doi.org/10.6075/J0X63JTD)$

−50

0

50

100

150

−80 −40 0 40
Frequency Effect in Reading Task (GD)

Pr
ed

ic
ta

bi
lit

yy
 E

ffe
ct

 in
 R

ea
di

ng
 T

as
k 

(G
D

)

0

50

0 50 100
Frequency Effect in Proofreading Task (GD)

Pr
ed

ic
ta

bi
lit

y 
Ef

fe
ct

 in
 P

ro
of

re
ad

in
g 

Ta
sk

 (G
D

)

0.6

0.8

1.0

1.2

1.4

200 240 280 320
Reading time (GD) on target words in filler sentences

R
at

io
 o

f G
D

 o
n 

pr
on

ou
nc

ea
bl

e/
un

pr
on

ou
nc

ea
bl

e
er

ro
rs

 in
 p

ro
of

re
ad

in
g

0.8

1.0

1.2

1.4

200 250 300
Reading time (GD) on target words in filler sentences

R
at

io
 o

f G
D

 o
n 

lo
w

/h
ig

h 
fre

qu
en

cy
er

ro
rs

 in
 p

ro
of

re
ad

in
g



Speech rate and language processing in older adults: Is slow speech better? 
Raheleh Saryazdi, Tamara Mostarac, & Craig G. Chambers (University of Toronto) 

raheleh.saryazdi@mail.utoronto.ca 
 

     Older adults' declines in language processing abilities are sometimes attributed to a slowing 
in overall processing speed (e.g., Salthouse, 1985). On this account, language produced at a 
slower speech rate should be beneficial for comprehension. However, despite older adults' 
subjective opinions on the benefits of slower speech (e.g., Obler et al., 1991), classic studies on 
this topic have often been unable to show that slow speech is helpful for listeners in nonclinical 
populations (see Small et al., 1997 for a review). This is the case even with so-called 
"elderspeak"-- a style some talkers spontaneously adopt when speaking with older adults. E.g., 
in a study designed to isolate beneficial features of elderspeak, Kemper and Harden (1999) 
found that repetitions and elaborations were most helpful, and that acoustic-level factors such 
as exaggerated pitch and slower speech rates had no positive effect. Further, some research 
has reported that slow speech can hinder comprehension in individuals with low working 
memory capacity (Small et al.). This could arise from the "spacing out" of sentence elements in 
time (in turn making the task of integrating these elements more difficult), or from disrupting 
natural prosodic patterns. In the current study, we used a Visual World (VW) paradigm to 
conduct a contemporary exploration of the acoustic effects of elderspeak on older listeners' 
comprehension. Our focus was listeners' ability to use syntactic cues to resolve grammatical 
category ambiguities at the lexical level (e.g., saw [V] vs. saw [N]). Previous VW studies have 
shown that younger listeners are highly effective at using syntactic cues in an unfolding 
sentence to resolve ambiguities in real time (Magnuson et al., 2008). This type of lexical 
ambiguity therefore provides an intriguing test case. One possibility is that the slower speech 
rate of elderspeak might reduce the salience or accessibility of local syntactic cues due to the 
'spacing out' of sentence elements (and the disruption to normal sentence prosody might also 
reduce otherwise helpful cues). If so, elderspeak may have a negative effect on listeners' ability 
to suppress the activation of the syntactically inappropriate option. Alternatively, elderspeak may 
provide listeners additional time to apply syntactic cues to resolve lexical ambiguity. Thus, 
listeners should show an increased ability to suppress the activation of incompatible alternatives 
with elderspeak.  Participants (20 older adults, Mage = 72.81) viewed a display containing four 
photographs placed in a 2 x 2 grid (16 critical trials). Each display was accompanied by a 
recorded sentence (e.g., George saw a car crash last evening) and participants were instructed 
to click on the item mentioned in the recording (e.g., car crash, see Figure). In addition to the 
patient-target, the display contained the noun member (saw-tool) of a homophone pair for which 
the other member was the inflected main verb in the sentence (saw-past tense of see). Various 
fillers masked any contingencies arising in the critical trials. We also included control trials in 
which the competitor was replaced with an unrelated item. Sentences were recorded from a 
female native speaker of English who was asked to provide a version of all stimuli for either a 
younger adult (normal speech) or older adult (elderspeak), ensuring that sentences could be 
understood by both addressee (the pairing of items to conditions was cycled such that 
participants only heard a sentence at one of the two speech rates). The measure of interest was 
the likelihood of generating a fixation to the image of the noun homophone competitor within an 
interval spanning from verb onset to the average verb offset (440 ms) plus a 200 ms margin. 
Results showed listeners were in fact more likely to fixate the competitor in the normal sentence 
condition (38% of trials), compared to the elderspeak condition (17%, p = .03 in a logistic mixed-
effect model). No differences were found with non-homophone controls (p = .78, M = 21%), 
indicating the effect is not due to differences in the amount of available speech information. 
Together the results demonstrate that, by focusing on lexical-level factors and by using on-line 
implicit measures, the empirical evidence in fact supports the notion that elderspeak benefits 
real-time comprehension, consistent with older adults' subjective impressions.  
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Figure. Example of experimental display in homophone-competitor condition (left panel) and 
control condition (right panel). Corresponding sentence is George saw a car crash last evening. 
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Facilitation effects of QUD and event type on negative sentences 
Sherry Yong Chen, Leo Rosenstein and Martin Hackl (MIT) 

sychen@mit.edu  
 

Background While early investigations suggest that negative sentences are more difficult to 
comprehend [1,2,3], recent work suggests that supportive contexts can mitigate the processing 
costs of negation, suggesting a pragmatic factor that was previously underappreciated [4,5,6,7]. 
We investigate how certain types of explicit QUDs can provide such supportive contexts. 
Scope of Neg When negation appears with a comparative numeral (Num), a negative sentence 
like (1) exhibits a scope ambiguity: there is a surface scope reading where negation scopes 
above Num, but also an inverse scope reading where Num is interpreted above negation: 

(1) Mary hasn’t read more than two of Tolstoy’s 12 novels.  
a. Surface scope: Mary has read no more than 2 T-novels.                             (Neg>Num) 
b. Inverse scope: More than 2 T-novels are s.t. Mary has not read them.       (Num >Neg) 

Although both scope construals involve integrating negation into the meaning, previous work on 
scope ambiguity resolution suggests that they are not equally accessible: the inverse scope is 
less preferred or harder to access than the surface scope [8,9,10]. However, it has been also 
shown that QUDs play an important role in facilitating access to the inverse scope [11,12]. 
Neg QUDs We argue that the two scope construals in (1a-b) are natural answers to different 
how-many questions, with the inverse scope being directly congruent with a negative QUD: 

(2) a. QUD for (1a): I wonder how many T-novels Mary has read. 
      b. QUD for (1b): I wonder how many T-novels Mary hasn’t read. 

The question nucleus of the negative QUD in (2b) contains negation. Correspondingly, directly 
congruent answers will have the answer term more than two T-novels combining with a negated 
degree predicate. Thus, (2b) is expected to facilitate inverse scope. Given a general preference 
for surface scope, we ask whether facilitation via negative how-many QUDs actually exists. If it 
does, we further speculate that faciliation effects will depend on the event type described by the 
verb: because how-many questions seek the maximal degree d such that the question nucleus 
is true of d, they license a default existence inference as typical answers specify some degree 
greater than 0. These hypotheses are tested by probing the effect of a (negative) how-many 
QUD in conjunction with event types that do or do not support the existence inference. 
Experiment As in Table 1, we constructed contexts which introduce an expectation for certain 
events to take place but not for others, e.g. a judge at a baking competition is expected to taste 
(possibly all of) the cupcakes (EXPECTALL) but there is no expectation for them to eat (possibly 
any of) the cupcakes (NOTEXPECT). This is followed by an explicit QUD: we manipulated Event 
Type (EXPECTALL vs. NOTEXPECT) and QUD Type (POSITIVE vs. NEGATIVE) in a 2 × 2 design. 
Finally, the scopally ambiguous target sentence varies across Event Type but is consistent 
across QUD Type. Participants (N=32) were asked to judge the naturalness of the target 
sentence as an answer to the preceding QUD in the given context on a 7-point Likert scale. 
Results & Discussion We take the naturalness ratings to be indicative of the intended scope 
assignment. As shown in Fig. 1, in the POSITIVE QUD condition, the generally preferred surface 
scope construal, which is equivalent to no more than n, provides a felicitous answer for both 
Event Types. However, in the NEGATIVE QUD condition, the general dispreference for inverse 
scope is ameliorated in the EXPECTALL condition. An analysis of the responses in a linear 
mixed effect model revealed a significant interaction between Event Type and QUD Type (Fig. 
2; t = -1.999, p < 0.05). This is predicted: the inverse scope construal more than 2 … not 
licenses the existence inference, which meets the expectation introduced by the context and 
echoed by the verb in the ExpectAll condition, but not in the NotExpect condition. Our findings 
on the effects of QUD and event type suggest that speakers are sensitive to the inference 
introduced by how-many QUDs and the way it interacts with contextual information, ameliorating 
the comprehension difficulty of negation in the inverse scope construal.  
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Table 1: Sample stimuli 

Context John is a cupcake lover who is invited to be a judge at a baking competition. 
There are some cupcakes and some tarts on the table. 

QUD ExpectAll_Positive: 
 

I wonder how 
many cupcakes 
John has tasted. 

ExpectAll_Negative: 
  
I wonder how many 
cupcakes John 
hasn’t tasted. 

NotExpect _Positive: 
 

I wonder how 
many cupcakes 
John has eaten. 

NotExpect _ Negative: 
 

I wonder how many 
cupcakes John 
hasn’t eaten. 

Target 
(Ambiguous) 

ExpectAll: John hasn’t tasted more 
than two cupcakes. 

NotExpect: John hasn’t eaten more 
than two cupcakes. 

Intended 
reading 

Surface scope 
(Neg>Num) 

Inverse scope 
(Num>Neg) 

Surface scope 
(Neg>Num) 

Inverse scope 
(Num>Neg) 

 

         Fig 1: Raw ratings for the Target sentence                           Fig.2: Interaction plot (z scores)                           
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Pronoun resolution in an ergative language: effects of case and transitivity 
Rebecca Tollan and Daphna Heller (University of Toronto) 
becky.tollan@mail.utoronto.ca 
The interpretation of pronouns has received much attention in the literature because pronouns 
are underspecified and thus depend on prior context for interpretation. One important factor in 
pronoun interpretation is the grammatical function of the antecedent, with a strong preference for 
subjects over objects [1-5]. A second factor is parallelism, where listeners prefer an antecedent 
with the same grammatical function as the pronoun [6-8]. This has been studied in nominative-
accusative languages (e.g., English), where all subjects are marked with nominative case, and 
objects are marked accusative, and so parallelism of grammatical function and case coincide.  
      Here, we examine Niuean, an ergative Polynesian language, in which transitive subjects are 
marked ERGative, whereas intransitive subjects and transitive objects are ABSolutive. Niuean 
also exhibits ‘split ergativity’: a small number of transitive verbs take ABS subjects and OBLique 
objects. This allows us to ask whether listeners prefer an antecedent that is parallel in case, or 
whether parallelism targets only grammatical function. A secondary question is whether the status 
of the object as obligatory or optional (i.e., transitivity) also affects pronoun resolution choices.  
Method. Participants heard a discourse (1) and had to ‘act out’ the events described using 
pictures (2), revealing their interpretation of the pronoun. We manipulated two factors (3x2, within 
subjects). The first was the type of the antecedent sentence: 
(a)Trans-ERG: a transitive sentence with an ERG subject and an obligatory ABS object (1:1); 
(b)Trans-ABS: a transitive sentence with an ABS subject with an obligatory OBL object (1:2);  
(c) Intr-ABS: an intransitive sentence with an ABS subject with an optional OBL object (1:3).  
The second factor manipulated the position of the pronoun ia (‘it’, marked ABS), which was either 
the intransitive subject (1a) or the transitive object (1b) of the 2nd conjunct. The grammatical 
function and case parallelisms for the six conditions are shown in (4). 
Results (n = 46, tested on Niue (3) and in Auckland, NZ). The dependent measure is the 
proportions of subject antecedents (5): note that a subject antecedent is preferred in all conditions. 
We used a mixed-effects logistic regression model, with antecedent and position as predictors 
(centred Helmert contrasts). Neither main effects were significant (ps > .13), but the overall 
antecedent X position interaction was (p = .0098). We thus conducted planned comparisons 
conducted for each level of position, examining the effect of the antecedent. When the pronoun 
was an intransitive subject (1a), the preference for a subject antecedent did not vary as a function 
of the antecedent (ps > .078), meaning that the preference for a subject antecedent did not differ 
according to verb type when the pronoun was the subject. In contrast, when the pronoun was the 
object of a transitive verb (1b), the preference for a subject antecedent was affected by the case 
frame of the previous sentence. First, subjects were chosen less (i.e., objects were chosen more) 
when the previous subject was not marked ABS (in Trans-ERG) compared to when the previous 
subject was marked ABS, like the pronoun (in Trans-ABS: z = -2.415, p = .0157). This 
demonstrates an effect of case: a subject antecedent for an object pronoun is less preferred when 
the subject antecedent is marked with a different case (i.e., ERG, while the pronoun is ABS). 
Second, subjects were chosen more (i.e., objects were chosen less) when the previous object 
was optional (in Intr-ABS) than when it was obligatory (in Trans-ABS: z = 2.456, p = .0141). This 
demonstrates an effect of transitivity: a subject antecedent for an object pronoun is more preferred 
when the subject antecedent is the sole argument of the verb and the object is optional.  
Conclusion. The overall preference for subject antecedents observed here is parallel to prior 
findings in nominative languages. More interestingly, we find novel effects that have not been 
isolated in nominative languages, for object pronouns. First, an effect of case parallelism: a 
subject antecedent that bears the same case as the pronoun is preferred over one that does not. 
Second, an effect of verb transitivity: an obligatory argument is preferred as the antecedent of an 
obligatory argument over an antecedent that is optional. While these effects are novel, it is notable 
that, like parallelism effects in English [7-8], they are found with object pronouns only. 
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(1) (a) Intransitive 2nd conjunct: ABS Pronoun is subject in intransitive sentence 
Antecedent   2nd conjunct: Intransitive 

1. Transitive-
ERG 

Ne     tutuli         he    kulī  e     lapiti, 
PAST chase         ERG dog   ABS rabbit  
‘The dog chased the rabbit, 

ti      tihe      a    ia.    
and sneeze ABS it 
and it sneezed.’ 

2. Transitive-
ABS 

Ne     fakaalofa e     kulī  ke he  lapiti,  
PAST pity             ABS dog   OBL   rabbit, 
‘The dog pitied the rabbit, 

ti      tihe      a    ia.    
and sneeze ABS it 
and it sneezed.’ 

3. Intransitive-
ABS 

Ne      poi           e     pusi ke he  lapiti,  
PAST  run            ABS dog   OBL    rabbit, 
‘The dog ran to the rabbit, 

ti      tihe      a    ia.    
and sneeze ABS it 
and it sneezed.’ 

(1) (b) Transitive 2nd conjunct:  ABS Pronoun is object in transitive sentence 
Antecedent   2nd conjunct: Transitive 

1. Transitive-
ERG 

Ne     tutuli         he    kulī  e     lapiti, 
PAST chase         ERG dog   ABS rabbit  
‘The dog chased the rabbit, 

ti    gagau   he   leona  a    ia.    
and bite       ERG lion    ABS it 
and the lion bit it.’ 

2. Transitive-
ABS 

Ne     fakaalofa e     kulī  ke he  lapiti,  
PAST pity            ABS dog  OBL   rabbit, 
‘The dog pitied the rabbit, 

ti    gagau   he   leona  a    ia.    
and bite       ERG lion    ABS it 
and the lion bit it.’ 

3. Intransitive-
ABS 

Ne      poi            e     pusi  ke he  lapiti,  
PAST  run            ABS dog   OBL    rabbit, 
‘The dog ran to the rabbit, 

ti    gagau   he   leona  a    ia.    
and bite       ERG lion    ABS it 
and the lion bit it.’ 

  (2) Display board            (3) Niue: location     

                                 
(4) How the pronoun relates to the subject of the previous sentence across conditions: 
 
Antecedent 
sentence: 

ABS Pronoun is subject in 
intransitive sentence 

ABS Pronoun is object in 
transitive sentence 

Transitive-ERG 9Grammatical parallelism 
8 Case parallelism 

8 Grammatical parallelism 
8 Case parallelism 

Transitive-ABS 9Grammatical parallelism 
9Case parallelism 

8 Grammatical parallelism 
9Case parallelism 

Intransitive-ABS 9Grammatical parallelism 
9 Case parallelism 

8Grammatical parallelism 
9 Case parallelism 

(5) Proportion of subject antecedent choice 
Antecedent sentence: ABS Pronoun is 

subject in intransitive 
sentence 

ABS Pronoun is 
object in transitive 
sentence 

 

Transitive-ERG .86 (74/86) .74 (63/85)  .81 (137/171)  
Transitive-ABS .90 (77/86)  .81 (68/84)  .85 (145/170)  
Intransitive-ABS .81 (69/85)  .88 (76/86)  .84 (145/171)  
 .85 (220/257)  .81 (207/255)   

 

sentence: 

sentence: 

 

References: [1] Grosz et al. (1995). Assoc. for 
Computational Linguistics. [2] Sheldon (1974). J. of 
Verbal Learning and Behaviour. [3] Brennan (1995). 
LCP [4] Almor (1999). Psychological Review [5] Arnold 
et al. (2000). Cognition. [6] Smyth (1992). Spoken 
Language Proc. [7] Chambers & Smyth (1998). JML. [8] 
Kehler (2002). Coherence, reference, and the theory of 
grammar.  
 



Can our eyes trick our ears? An electrophysiological study of the effects of facial cues 
on the processing foreign-accented and native-accented speech 

Carla B. Fernandez & Janet G. van Hell 

The Pennsylvania State University 

Cbf140@psu.edu 

In the face of growing ethnic diversity, we often form an impression of people based on how they 

sound or look, although this tendency may be affected by experiences with foreign accents and 

with speakers of different ethnicities1. Reverse linguistic stereotyping (RLS) posits that listeners 

ascribe stereotype characteristics to speech based on information about the speaker’s social 

identity, even before hearing the speech1. This study examined the RLS account, and extends it 

to online sentence processing. Specifically, we examined how faces cuing the speaker’s ethnicity 

(e.g., Asian face) create language expectations (here, Chinese-accented English), and how these 

biases impact the neural and cognitive mechanisms associated with the comprehension of 

American-or Chinese-accented English using Event-Related Potentials (ERPs).  

Previous studies have found that foreign-accented speech leads to an increased difficulty in 

sentence comprehension than can affect semantic processing, but has particularly strong effects 

on grammatical processing3,4,5,6,7. However, these studies presented only sentences, which limits 

the generalizability to more naturalistic situations. Building on the RLS account, we hypothesized 

that adding a face that cues the speaker’s identity and expectations about the speaker’s accent 

impacts sentence processing. Indeed, related sociolinguistic studies have found that language 

expectations based on a speaker's ethnicity can lead to negative social bias and impair global 

language comprehension8,9. However, there are no studies examining online language processing 

focusing on the processing of semantic and syntactic information during sentence 

comprehension.   

Building on Grey and Van Hell (2017), 20 monolingual listeners were presented with 480 English 

sentences: 120 sentences contained a semantic, 120 sentences were the correct equivalents, 

120 sentences contained a pronoun error (pronoun errors are common in Chinese-accented 

English speakers), and 120 were the correct equivalents. 240 Sentences were paired with a 

congruent picture matching the accent (Chinese face-Chinese accent and Caucasian face-

American accent) and 240 were paired with an incongruent picture not matching the accent 

(Chinese face-American accent and Caucasian face-Chinese accent). The pictures were of the 

same 4 speakers (two Caucasian and two Chinese speakers) who recorded the sentences and 

the matching remained constant throughout the experiment. ERP analyses focused on time 

windows related to the N400 (300-500ms) indexing semantic processing, and the Nref (270–

900ms) indexing referential processing and searching for an antecedent based on the pronoun.   

Analyses were conducted on mean amplitude values using two repeated measures ANOVAs: a 

midline ANOVA and a lateral one that included a factor of anteriority and laterality. Results showed 

that semantic violations elicited typical N400 effects in the congruent Caucasian face/American-

accented English condition and an attenuated N400 in Asian face/Chinese-accented English (see 

Fig 1). In the incongruent conditions, there was an N400 effect in the Asian face/American-

accented English condition, but no effect in the incongruent Caucasian face/Chinese-accented 

English condition (see Fig 2). Pronoun violations elicited an Nref in the two congruent conditions 

(Caucasian face/American-accented English and Asian face/Chinese-accented English, see Fig 

3). In the incongruent conditions, there was a negativity in the Asian face/American-accented 

English condition (270-900ms), and no effect in the American-face-Chinese accented English 

condition (see Fig 4). These findings indicate that facial cues play an important role in activating 

certain stereotypes regarding a speaker (in line with the reverse linguistic stereotyping account1) 

and can affect the processing of both native and foreign-accented speech, depending on whether 

or not facial cues match listeners’ expectations of a speaker’s accent. Taken together, these 

findings provide a more in-depth understanding of the role that visual cues play in language 

processing.   
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Figure 1. Grand mean waveforms for semantic incorrect critical words (dashed lines) versus correct equivalents (solid lines) in both congruent conditions (Caucasian 
face/American accent in blue and Asian face/Chinese accent in red). Onset of the critical word is indicated by the vertical bar (negative is plotted up). Time is plotted on the x-
axis; each tick mark indicates 200 ms. LF = left frontal; RF =Right frontal ;LP=left posterior; RP = right posterior.

 

Figure 2. Grand mean waveforms for semantic incorrect critical words (dashed lines) versus correct equivalents (solid lines) in both incongruent conditions (Caucasian 
face/Chinese accent in blue and Asian face/American accent in red). Onset of the critical word is indicated by the vertical bar (negative is plotted up). Time is plotted on the x-
axis; each tick mark indicates 200 ms. LF = left frontal; RF = Right frontal; LP = left posterior; RP = right posterior.

 

Figure 3. Grand mean waveforms for pronoun incorrect critical words (solid lines) versus correct equivalents (dashed lines) in both congruent conditions (Caucasian 
face/American accent in blue and Asian face/Chinese accent in red) Onset of the critical word is indicated by the vertical bar (negative is plotted up).  Time is plotted on the x-
axis; each tick mark indicates 200 ms. LF = left frontal; RF = Right frontal; LP = left posterior; RP = right posterior.

 

Figure 4. Grand mean waveforms for pronoun incorrect critical words (dashed lines) versus correct equivalents (solid lines) in both incongruent conditions (Caucasian 
face/Chinese accent in blue and Asian face/American accent in red). Onset of the critical word is indicated by the vertical bar (negative is plotted up). Time is plotted on the x-
axis; each tick mark indicates 200 ms. LF = left frontal; RF = Right frontal; LP = left posterior; RP = right posterior. 
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Implicit objects in discourse: likelihood of reference and choice of referring expression 

Ana Besserman & Elsi Kaiser (University of Southern California) 
pianibes@usc.edu 
Implicit objects (IOs) are the unrealized theme arguments of optionally transitive verbs (e.g., eat, 
read) in intransitive frames (Lisa ate.). Work on IOs’ discourse status reveals that, like implicit 
agents [1], IOs are less available than overt objects for anaphoric reference [2]. These findings 
fit with implicit arguments’ reputation as discourse inert [1,3,4]. This earlier work focused on 
implicit arguments’ availability for subsequent anaphoric forms, using comprehension tasks. 
However, work on overt referents shows that choice of anaphoric form and likelihood of mention 
can diverge and need to be analyzed separately [5,6,7]. Thus, Exp 1 and 2 use production-
oriented tasks to assess both (i) implicit objects’ likelihood of re-mention in subsequent 
discourse (their ‘persistence’) and (ii) which referring expression is used to refer back to IOs.  

Predictions: Theoretical work suggests arguments are left implicit when they are low in 
discourse prominence [8]. This predicts that IOs will be re-mentioned/referred to less often than 
overt objects. We test this in Experiments 1-2. Moreover, IOs may also be less likely to be 
referred to with a pronoun than overt objects. We test this in Exp2. If these effects are a 
categorical consequence of implicitness, we do not expect other contextual factors to modulate 
them. However, if implicit objects can vary in terms of their discourse prominence (i.e. not all 
IOs are equally/uniformly low-prominence due to their implicitness), their discourse behavior 
may be modulated by their contextual salience. We test this in Exp2. 

Exp.1 (n=32) was a forced-choice completion task that used sluicing (e.g. “…I don’t 
know which {student/book}”). We investigated how often implicit vs. overt objects are re-
mentioned (Table 1: Do people choose “which student” (subj) or “which book” (obj)?) We expect 
an overall object preference; sluices with overt antecedents exhibit a locality effect [9,10,11]. 
Finding that IOs are selected less often than overt objects would indicate IOs are less 
prominent. We also tested if making the object explicitly relevant to the discourse goals (with an 
overt question/QUD [12,13]) would boost its prominence. Results: All conditions yielded >50% 
object continuations (p’s<.05): Sluices prefer objects even when the object is implicit. Object 
implicitness and the question manipulation had no effect (p’s>.3): implicit objects are as likely to 
be mentioned as overt ones. However, Exp.1 only used sluices and ‘which noun’ expressions. 
These constraints may mask differences in the discourse behavior of overt vs. implicit objects. 

Exp.2 (n=48) used a story-continuation task to test (i) how likely implicit objects are to be 
mentioned in subsequent discourse, and (ii) with what kind of referring expression. We 
manipulated (a) object type (implicit/overt) and (b) context type (‘strong’: mention of a set 
containing the object vs. ‘irrelevant’: mention of something unrelated to the object, Table 2). 
Native English speakers wrote continuations which we annotated for whether (i) the 
implicit/overt object from the prompt is mentioned and (ii) if yes, what referring expression is 
used (Table 3). Results: Implicit objects were (i) mentioned and (ii) pronominalized less often 
than overt objects (glmer, p’s<.05). Crucially, the context manipulation affected referents’ 
persistence: implicit objects (but not overt ones) are more likely to be mentioned in conditions 
where a salient context set has been mentioned (strong context) than in irrelevant-context 
conditions (glmer, p<.02, see Fig.1). However, the context had no significant effect on how often 
people used pronouns to refer back to implicit objects (Fig.2).  

In sum, implicit objects' persistence in discourse is influenced not only by their 
implicitness but also by preceding context: contexts that allow for more specific interpretations 
of IOs makes them more more likely to be re-mentioned. In contrast, rate of pronoun usage 
referring to IOs was not affected by prior context. Differences between likelihood of subsequent 
mention (persistence) and likelihood of pronominalization suggest that persistence may be more 
connected to general notions of discourse prominence, whereas pronoun use may be more 
constrained by how the antecedent is linguistically realized. Our work is the first to identify a 
divergence between likelihood of mention and likelihood of pronoun use with implicit arguments.  
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Table 1. Experiment 1 example items (below)                       

Table 2. Experiment 2 example item ('story prompt' for story continuation task, below) 
Implicit, strong ctx I gave Sarah several books to read. Later, I saw her reading.  … 

Overt, strong ctx I gave Sarah several books to read. Later, I saw her reading a book….  
Implicit, irrelev. ctx I went to the gym with Sarah. Later, I saw her reading. … 

Overt, irrelev. ctx I went to the gym with Sarah. Later, I saw her reading a book. … 

Table 3. Experiment 2 example continuations (below) 
Prompt: Continuation (1st clause) Coded as: 
I handed Victoria several books to read. 
Later, I saw her reading. 

I asked her if she liked 
it so far. … 

Object mention: yes 
Form: pronoun 

I sent William several melodies to play. 
That night, I saw him playing.  

The melody was so 
soothing. … 

Object mention: yes 
Form: definite NP 

I gave Vanessa some emails to type. 
That evening, I saw her typing an email. 

It looked boring.  …. Object mention: unclear; 
ambig. (excluded) 

I went to the park with Albert. That night, 
I saw him writing.  

I decided not to bother 
him. … 

Object mention: no 
Form: n/a 

Fig 1. Proportion of object re-mention / Fig 2. Proportion of pronoun usage / References: 
[1]Koenig&Mauner’9
9. A-definites and the 
discourse status of 
implicit arguments 
[2]Besserman&Kaise
r’18. The discourse 
status of existential 
implicit arguments 
[3] Martí’11. Implicit 
indefinite objects: 
grammar, not 
pragmatics [4] 

Williams’15. Argume
nts in syntax and 

semantics [5] Kehler et al.’08. Coherence and coreference revisited [6] Fukumura&van 
Gompel’10. Choosing anaphoric expressions [7] Kaiser’10. Investigating the consequences of 
focus on the production and comprehension of referring expressions [8] Goldberg’01. Patient 
arguments of causative verbs can be omitted [9] Frazier&Clifton’98. Comprehension of sluiced 
sentences [10] Carlson et al.’09. Information structure expectations in sentence comprehension 
[11] Harris’15. Structure modulates similarity-based interference in sluicing [12] Ginzburg’96. 
Dynamics and the semantics of dialog [13] Roberts’98. Information structure in discourse 

Implicit obj., 

no question 

Me:  I gave some students several books to read. Later, I saw a student 
reading, but I’m not sure… (65.6% object choice) 

Overt obj., 

no question 

Me:  I gave some students several books to read. Later, I saw a student 
reading a book, but I’m not sure… (64.3% obj. choice) 

Implicit 

obj. 

w/ question 

Me:  I gave some students several books to read. 
Friend: Did they read them? 
Me: Later, I saw a student reading, but I’m not sure… (63.7% obj. choice) 

Overt  

obj. 

w/ question 

Me:  I gave some students several books to read. 
Friend: Did they read them? 
Me: Later, I saw a student reading a book, but I’m not sure… (70% obj. cho.) 

completion: [  ] which student  [  ] which book 



A systematic study of the rate of child over-irregularization errors 
Vanna Willerton, Graham Adachi-Kriege (McGill University), Shijie Wu (Johns Hopkins          
University), & Ryan Cotterell (University of Cambridge) 
savanna.willerton@mail.mcgill.ca 
 

Overregularization errors, where a regular inflection is applied to an irregular verb, as in              
teach/teached, fly/flied, or go/goed , is a well-documented and intensely studied phenomenon in            
English language acquisition [1-3]. Conversely, over-irregularization errors, the overapplication         
of an irregular inflection to a regular verb like trick/truck, or the application of an incorrect                
irregular inflection to a non-target irregular verb, like shake/shade, or bring/brang , have been             
studied less thoroughly. This may be due to the difficulty of detecting over-irregularization errors              
in databases of child speech. Regularization can be detected simply by adding -ed (or +/d/) to                
irregular English verb stems, while searching for irregulars requires more complex methodology. 

 
The current study is a pilot project testing the feasibility of a novel methodology for               

estimating the true rate of such over-irregularization errors in child English. An endeavour of this               
kind has not been attempted in over 20 years (since Xu and Pinker [4]), and there has since                  
been a large increase in available data, new technologies for querying, as well as novel               
statistical methods for estimating the rate of rare events. 

 
In order to find instances of over-irregularization errors, we searched the North American             

English databases of the CHILDES corpus [5], a large dataset of child speech, which includes               
nearly 47,000 instances of verbs used by children. From a list of existing irregular verbs for                
English past tense we generated a comprehensive set of context dependent rewrite rules and              
applied these to all monosyllabic English verbs using Pynini [6], a library for compiling a               
grammar of strings, regular expressions, and context-dependent rewrite rules into weighted           
finite-state transducers. The resulting list contained possible irregularizations of English verb           
forms. The rewrite rules required phonetic spelling of the words. The phonetic forms resulting              
from the application of rewrite rules were transcribed into regular orthography using a             
sequence-to-sequence phoneme-to-grapheme model for character level transduction [7]. In         
order to avoid under generating forms due to spellings, we also manually transcribed the forms               
to get up to five next-best spellings. The resulting list was used to search through CHILDES for                 
matches. 

 
Based on our pilot estimates, there are between 146 and 387 cases of irregularization              

errors in the North American English section of CHILDES. These findings give rates which are               
on the same order of magnitude as the similar 1995 Xu and Pinker study. The lower bound                 
indicates clear cases of misuse of irregular inflection to regular or non-target irregular verbs. The               
upper bound includes mostly no-change (by analogy with bet/bet, or put/put) irregular matches             
for which it is unclear from the utterance context whether the verb is an irregularization error or                 
simply an unmarked verb form. A common type of error which we did not search for in this pass                   
is incorrect -en/-n suffixations for past participles, for example, erroneously using shooten as the              
past participle of shot. Additionally, future iterations of this work will look at per-child verb usage                
to ensure that over-irregularization errors are not being counted for children who may be in a                
stage of development where they fail to mark tense at all. If we remove all matches where no                  
other verb in the utterance was used with tense marking then our lower bound is reduced to 102                  
cases of over-irregularization errors. This lower bound estimate is likely too conservative as             
many of these utterances contained only a single verb. Further within-participant investigation is             
necessary to increase the precision of our estimation.  
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Entertaining ungrammatical structures can succeed where surprisal struggles
Garrett Smith (Univ. of Connecticut) & Whitney Tabor (Univ. of Connecticut, Haskins Laboratories)
garrettsmith78@gmail.com

In some theories of sentence processing, parsing is strictly controlled by a symbolic grammar.
The highly successful surprisal theory (Hale, 2001; Levy, 2008; Smith and Levy, 2013) has been
implemented in this way, using a probabilistic context-free grammar to define the space of possible
structures. At each word, the parser distributes probability over possible structures given the input;
processing takes more time if this probability distribution has to be updated a lot after processing a
new word. While surprisal theory has focused on comprehension, we apply it to a simple case of
production, the verb selection task of Staub (2009): Subject noun phrases (NPs) are presented
in rapid serial visual presentation (RSVP), followed by a two-alternative forced choice between a
singular and plural verb form, followed by RSVP for the rest of the sentence. We can apply surprisal
to this task by assuming the standard probability-updating mechanism for the RSVP parts. For the
verb choice, we assume that the parser first updates its probability distribution so that only singular
and plural verbs have non-zero probability. We assume this update is essentially cost-free in our
stimuli since the verbs are very predictable. Then, it samples a verb from the distribution over the
two verbs and updates its probability distribution again, to 100% on structures compatible with the
chosen verb and 0% on the rest. The time it takes to produce the verb is essentially proportional to
the second update time. One consequence of this approach is that, when the probability of singular
and plural verbs is relatively evenly distributed (i.e., the distribution has high entropy), processing
times are slower. In such a case, whichever verb is sampled will incur a large processing cost.
When the distribution has lower entropy, the parser will usually sample the highest-probability verb,
so the second update takes little time and processing is faster on average.

We reanalyzed the verb selection data from Smith, Franck, and Tabor (2018) to test this
prediction. Smith et al. (2018) studied pseudopartitive subject NPs like those in Table 1. The
response times (Fig. 2, left panel) are somewhat compatible with surprisal theory: Within the +N2
(second noun present) condition, faster verb production times are associated with lower entropies.
However, across all conditions, some cases with similar entropy have very different response times
(e.g., +N2 Collections and -N2 Measure Phrases). Thus, while the results are partially consistent
with surprisal theory, the theory does not generate the full pattern of results.

An alternative theory, self-organized sentence processing (SOSP; Smith et al., 2018; Smith
and Tabor, 2018; Kempen and Vosse, 1989), allows less-than-perfect structures to impact parsing,
in contrast to current surprisal accounts. Indeed, the interaction between fully grammatical and
imperfect structures is SOSP’s key mechanism for explaining processing time effects (Smith and
Tabor, 2018). In SOSP, lexically anchored syntactic treelets compete to form (sometimes imperfect)
structures. The harmony of a structure—a measure of semantic and syntactic feature match
(Smolensky, 1986)—determines how strongly the structure competes against other structures, with
higher-harmony structures being more likely to form and faster to build (Smith and Tabor, 2018). We
implemented a simple SOSP model of the competition between N1- and N2-headed structures for
the pseudopartitive subject NPs. Experimentally derived semantic features from Smith et al. (2018)
were used to calculate the harmonies of different structures. The model produced parse-formation
times quite similar to the human data (Fig. 2, right panel), including the divergence between +N2
and -N2 conditions. This is because eliding N2 in the -N2 condition penalizes the harmony of
attaching it as subject of the verb, thus slowing SOSP’s structure building compared to the +N2
conditions. An interesting open question is whether Noisy Channel Suprisal (e.g., Futrell and
Levy, 2017) which puts some probability on ungrammatical strings (but not structures) can fit these
data better than standard surprisal. SOSP raises the alternative possibility that the difficulty of
constructing ungrammatical structures may be a crucial determinant of processing times.
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Table 1: Smith et al. (2018) materials; 64
test items and 64 fillers were used.; N =
57. Bracketed words were elided in the -
N2 conditions. The first noun was always
singular, and the second always plural.
N1 Type Item

Containers A basket [of flowers]
Collections A pile [of flowers]
Measure Phrases A lot [of flowers]
Quantifiers Many [flowers]
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Figure 1: Smith et al. (2018) participant verb choices.
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Figure 2: Human (left) and the SOSP model’s (right) verb choice times (95% CIs). The model was
run 2000 times per condition. A mixed effects analysis of human RTs (maximal random effects
structure) revealed a main effect of ±N2 (+N2 faster) and an interaction between ±N2 and N1 Type,
but no main effect of N1 Type.
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Semantic attraction in sentence processing 
Kaylin Smith, Ye Ma, Yan Cong, Alan Beretta (Michigan State University) 

smit2297@msu.edu 
Models of combinatory processing largely maintain a syntacto-centric view, in which syntactic 
analysis precedes and guides semantic interpretation [1;2]. When the syntactic structure is 
unambiguous, the semantic analyzer is thought to be incapable of making the first commitments 
to combinatory processing [3;4]. Constraint-based models, however, assume that semantic 
interpretations can override syntactic cues when they are ambiguous, but not when they are 
unambiguous. Kim & Osterhout (‘K&O’) [5] found that, in role reversals that have a plausible 
thematic relationship between a noun phrase and verb (e.g., the hearty meal was devouring ), 
strong semantic attraction (i.e., meal - devour) leads to a syntactic repair of -ing  to -ed  despite 
licit syntax, when compared with passive control sentences (e.g., The hearty meal was 
devoured ), as evidenced by a semantic-thematic P600 at the critical verb. Role reversals with 
no thematic relationship (e.g., The dusty tabletops were devouring ) elicited a typical N400 for 
semantic violation. The current study conducted two related experiments: 1) an exact replication 
of K&O, and 2) a conceptual  replication (i.e., minimal extension of K&O’s paradigm, different 
ROIs and time windows), which eliminated auxiliary verbs to determine whether the semantic 
P600 would replicate when provided fewer syntactic cues to predict a passive structure.  

In Experiment 1, twenty-six right-handed native English speakers provided acceptability 
judgments for stimuli presented using Rapid Serial Visual Presentation (‘RSVP’). Our 
methodology was identical to K&O (i.e., stimuli, number of electrodes, regions of interest, 
procedure, time windows, statistical tests, corrections). We did not find a main effect of stimulus 
type in the 400-600 ms window (p [GG]>.05), although a broadly distributed negativity was 
visually observed for the no-attraction violation condition (Figure 1). A significant main effect of 
stimulus type was found in the 600-900 ms window (p [GG]<.05). Simple effects analyses 
revealed that ERPs to attraction violation verbs were more positive than passive control verbs at 
midline sites (p <.05), and ERPs to no-attraction violation verbs were also more positive than 
passive control verbs at medial-lateral sites (p <.05). ERPs to attraction violation verbs were not 
significantly different from those to no-attraction violation verbs (p >.5).  

In Experiment 2, forty right-handed native English speakers provided acceptability 
judgments for stimuli presented using RSVP. Ninety-six three-condition sets were constructed 
(Table 1). Signals were recorded with a 32-channel cap and mastoid referenced. The following 
ROIs were used in repeated measures ANOVAs: anteriority (anterior, posterior) x laterality (left, 
right). Testing the N400 and P600 windows, we did not find a significant main effect of stimulus 
type in the 400-600 ms window (p [GG]>.05), but a significant main effect of stimulus type in the 
600-900 ms window emerged (p [GG]<.05) (Figure 1). Main effects of laterality (p <.05) and 
anteriority (p <.01), along with an interaction between the two (p <.001), were found. Simple 
effects analyses revealed that the no-attraction condition was significantly more negative than 
the passive control over each ROI in the 600-900 ms window (p <.05). 

In our direct replication, we replicated the semantic P600 for the attraction violation 
condition, and found an additional positivity for the no-attraction violation condition in the 
600-900 ms window [6]. In our conceptual replication, eliminating the use of auxiliaries removed 
the P600 for the attraction violation condition and resulted in a broadly distributed negativity for 
the no-attraction violation condition. The absence of the semantic P600 via manipulation of 
auxiliaries has been found by Kim & Sikos [7] (i.e., was devouring → would devour), who 
instead found a left anterior negativity for the attraction violation condition. Our results for the 
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attraction violation condition support a proposal put forth by Kim & Sikos-- that sentences with 
little lead-in context (in our case, the absence of past tense auxiliaries from the K&O stimuli) 
may be less syntactically fragile, resisting syntactic reanalysis in sentences with strong semantic 
attraction. Taken together, our results support a language processing model which incorporates 
two cognitive mechanisms-- a syntactic and semantic analyzer-- that operate in parallel.  
 

         
          400-600 ms    600-900 ms               400-600 ms    600-900 ms 
 
Figure 1. Difference wave scalp plots for Experiment 1 (left) and Experiment 2 (right). 
Row 1: Attraction Violation-Passive Control; Row 2: No Attraction Violation-Passive Control. 
 
 
Table 1. Example of Experiment 2 stimuli.  

Condition Sentence 

Attraction Violation The glasses of beer drinking  in the restaurant reminded Bill of 
Germany. 

Passive Control The glasses of beer drunk in the bar had a hoppy flavor. 

No-Attraction Violation The colorful lampshade drinking  in the corner brightened the room. 
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Self-awareness matters: co-reference in German attitude clauses 
Alexander Göbel (UMass Amherst) & Petra Schumacher (University of Cologne) 
agoebel@linguist.umass.edu 
     A sentence like (1) with a third person pronoun that is co-indexed with a higher subject of an 
attitude verb like think (=the attitude holder) can describe one of two scenarios: a) Trump utters 
“I will become president” (self-aware co-reference, de se attitude); b) Trump reads an anonymized 
tweet that he is impressed by but does not recognize as his own and utters “Whoever wrote this 
will become president” (accidental co-reference, de re attitude). 
 (1) Trumpt thinks het will become president. 
While personal pronouns in English have been claimed to be compatible with both scenarios, 
other pronominal expressions have been argued to be sensitive to the distinction between a) and 
b). For instance, the silent PRO of control infinitives as in (2) requires self-awareness [1]. 
 (2) Trumpt expects PROt to become president. 
However, scenarios like b) are relatively complex and, to our knowledge, have never been tested 
experimentally. We present three offline studies on German, focusing on the contrast between 
personal pronouns (PPros) and one type of demonstrative pronoun (DPro). This focus is 
motivated by claims that DPros in German are sensitive to perspective and avoid co-reference 
with salient perspective centers [2]. We assume that attitude holders (Trump in (1)/(2)) constitute 
the default perspective center in attitude contexts like (1)/(2) but that this default can be overridden 
in scenarios like b) for which we assume the speaker to be the perspective center. Thus, we 
predict DPros to block co-reference in a) but allow it in b). 
     In Experiment 1, we implemented a 2x3 (CONTEXT vs PRONOUN TYPE) design in a 2AFC. 
Participants (N=24, Prolific.ac) were given a CONTEXT that either indicated self-aware co-
reference or accidental co-reference (Table 1) and had to indicate whether a target sentence was 
compatible with the context. The PRONOUN TYPES we used in the target sentences were PPro, 
DPro and PRO (control infinitives) (3). For self-aware co-reference contexts, we expected both 
PPros and PRO to be at ceiling with respect to acceptance, while DPros were expected to be at 
floor. For accidental co-reference, we anticipated a general decrease in acceptance rates due to 
the possibility of the complexity of the contexts affecting comprehension. Abstracting from this 
potential issue, we expected PPros and DPros to be overall acceptable and PRO unacceptable. 
     While we found a general decrease for accidental co-reference, there were no differences 
between PRONOUN TYPES (Figure 1): acceptance rates for target sentences were at ceiling for 
self-aware co-reference and dropped to chance performance for accidental co-reference 
independently of pronoun type. The same qualitative pattern was replicated in Experiment 2 with 
a 7 point Likert-scale instead of binary judgments (Figure 2). 
     A possible explanation for the lack of differences between pronoun types in Experiments 1 and 
2 might be that participants did not process the target sentences deeply enough. To address this 
worry, Experiments 3a,b presented participants with a target sentence containing a blank in the 
position of the embedded subject (following the same contexts) and made participants choose 
between two possible completions (4). The two options were presented below the target sentence 
on opposite ends of a scale for participants to indicate their relative preference, since PPros were 
anticipated to be generally preferred over DPros. In addition to the critical COMPARISON between 
PPros and DPros, a control COMPARISON of a PPro with an ambiguously false completion was 
included to measure whether the complexity of contexts would affect ratings independently. 
     Although Exp. 3a only revealed a significant effect of CONTEXT (Fig 3), the effect of 
COMPARISON was significant in Exp. 3b (Fig. 4), suggesting that participants are sensitive to the 
pronoun differences once they are forced to compare them directly. Moreover, both experiments 
showed a numerical trend towards the predicted interaction, with DPros getting more acceptable 
in accidental co-reference contexts. Debriefing data suggests that this pattern may depend on 
whether using DPros is perceived as pejorative, opening an avenue for future research.  
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Self-aware co-reference Accidental co-reference 
‘Mary is rummaging around in a box in the 
attic where she keeps memorabilia. 
Therein she finds an old poem that she wrote 
and likes, and says:  
“I’m totally a genius!”  
Later, Mary’s housemate Peter, who heard 
Mary, goes up to the attic himself and is 
equally impressed by the poem.’ 

‘Mary is rummaging around in a box in the 
attic where she keeps memorabilia. 
Therein she finds a poem that she likes, and 
says:  
“Whoever wrote this is totally a genius!” 
Later, Mary’s housemate Peter, who heard 
Mary, goes up to the attic himself and disco-
vers Mary’s name on the back of the poem.’ 

TABLE 1: SAMPLE CONTEXTS 

(3) a. P-Pro   Peter: “Maria hat behauptet, dass sie ein Genie ist.”
‘Peter: “Mary claimed that she(PPro) is a genius.” ’ 

b. D-Pro   Peter: “Maria hat behauptet, dass die ein Genie ist.”
‘Peter: “Mary claimed that she(DPro) is a genius.” ’ 

c. PRO  Peter: “Maria hat behauptet, PRO ein Genie zu sein.” 
‘Peter: “Mary claimed PRO to be a genius.” ’ 

FIGURE 1: RESULTS EXPERIMENT 1 FIGURE 2: RESULTS EXPERIMENT 2 

(4) ‘Peter: “Mary claimed that ____ is a genius.” ’ 

she(PPro) (-3) 
only 
left 

(-2) 
strongly 

left 

(-1) 
slightly 

left 

(0) 
equal 

(1) 
slightly 

right 

(2) 
strongly 

right 

(3) 
only 
right 

she(DPro) 
(critical) 
// Sam 
(control) 

FIGURE 3 & 4: RESULTS EXP 3A,B (TREND TOWARDS LEFT = PREFERENCE FOR PPRO) 



Object Who is processed differently from Subject Who, Why and How  
Nayoun Kim (Northwestern University), Alexis Wellwood (University of Southern California) & 
Masaya Yoshida (Northwestern University) 
NayounKim2018@u.northwestern.edu 
 
Introduction: Wh-Phrases (whPs) form a dependency with different grammatical elements: Why 
modifies (and thus is licensed by) the whole sentence and forms a dependency with S(entence) 
node ([1,2]), WhoSub is also licensed by the sentence and forms a dependency with S. On the other 
hand, WhoObj forms a dependency with the verb, as the verb assigns a thematic role and case to the 
object and grammatically licenses the object NP. How is a manner adverb, a modifier for VP, thus, 
forms a dependency with VP. Thus, these four different types of wh-phrases forms different types of 
dependencies with different dependency lengths. If it is the case that a longer dependency is more 
difficult to process ([3]), we expect a different processing difficulty effect for different 
wh-dependencies.   
This study: How can we test the processing difficulty effects of these wh-dependencies? In the 
previous studies, it has been suggested that the number of open dependencies is a predictor of the 
processing complexity ([3,4]). If this is the case, we can test the processing complexity effect of 
these wh-phrases in a configuration like (1). In (1) a relative clause is attached to the embedded 
subject NP, and this long and complex NP intervenes between the wh-phrases and the verb in a 
center-embedding configuration.    
  
(1) The aide noticed a. whoObj /b.why/c.how/d.that [S [NP the teacher [RC that the dean employed]]   
     [VP happily [V gave] the gift (to the student)].  
  
In (1), the number of open dependencies is largest at the subject noun within the relative clause 
dean. Thus, we expect that processing complexity is the highest at the point of dean. In this 
configuration, a whP that forms a dependency with matrix verb, gave, creates an additional open 
dependency and additional processing complexity at dean. But, if the wh-phrase that forms a 
dependency with S does not create an additional open dependency at dean, we do not expect 
additional processing complexity. Importantly, if the number of open dependencies is not a predictor 
of the processing complexity, we do not expect any complexity effect in the dean region.   
Experiment 1 (n=70): In a self-paced moving window experiment, wh-type was manipulated as an 
independent factor in a 1x4 design as in (1). Pairwise comparisons revealed that dean in (1a: who) 
was read significantly slower than (1b: why) (β = 0.04, SE= 0.02, t=2.23), and (1c: how) was read 
significantly slower than (1b: why) (β = 0.04, SE= 0.02, t=2.20) whereas there was no significant 
difference between (1a: who) and (1c: how) (β = 0.01, SE= 0.02, t=-0.38). The clear difference 
between why and who/how shows that these different whPs are processed differently in a way that 
they are licensed by different phrases.   
Experiment 2 (n=70): In experiment 2, (2), which involves the subject who, was compared to 
(1a/b/d) in a 1x4 design.   
  
(2) WhoSub noticed that [S [NP the teacher [RC that the dean employed]] [VP happily [V gave] the gift to 
the student]?  
  
Pairwise comparisons revealed that dean in (1a: whoObj) was read significantly slower than (1b:why) 
(β = 0.04, SE= 0.01, t=2.6) and (2:whoSub) (β = 0.03, SE= 0.01, t=2.39) but dean in (2:whoSub) was 
not significantly slower than (1b: why) (β = 0.00, SE= 0.02, t=0.26).   
Discussion: Those whPs that are linked to V and VP (whoObj & how) created additional complexity 
effects at dean. These findings suggest the following. First, whPs are maintained in memory and 
cause processing complexity effects in the middle of the sentence like (1). Second, once the 
wh-dependency is formed, these whPs are released from maintenance, thus whPs that form shorter 
dependencies did not create a processing complexity effect. These findings, in turn, support theories 
of online wh-dependency formation that involve a maintenance component ([3,4]).   
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Listeners’ beliefs about the speaker and adaptation to the deviant use of prosody 
Chie Nakamura, Jesse A. Harris, & Sun-Ah Jun (UCLA) 
chienak@mit.edu 
A growing number of studies report that listeners process prosodic cues rapidly enough to 
predict an upcoming referent, prior to encountering disambiguating lexical material [1,2]. In 
addition, language processing changes in response to language input, known as linguistic 
adaptation [3,4]. Adaptation studies manipulating prosody suggest that speakers down-weight 
prosodic cues when the cues are not reliable [5,6]. Listeners also appear to modulate the 
degree to which they use boundary tone information according to how informative the cue is in 
the experiment [7]. One remaining question concerns whether and how listeners make use of 
deviant or improper prosodic marking, and if they do, whether the degree of adaptation is 
modulated by listeners’ belief about the speaker’s intention. On the one hand, listeners might 
simply put less weight on prosody in syntactic analysis with improper prosodic marking. On the 
other, listeners might learn speaker-specific prosodic patterns to make anticipatory judgments 
about the intended meaning. In order to address these possibilities, the current study compared 
how listeners responded to proper uses of contrastive accent (L+H*) on an adjective-noun pair 
(1a; red cat followed by PURPLE cat) in Experiment 1 to improper uses of contrastive accent 
(2a; red cat followed by PURPLE pig) in Experiments 2 and 3, which further differed in whether 
listeners knew the speaker’s intention.  
Experiments. Eye movements from native speakers of English were recorded in a visual-world 
eye-tracking paradigm. Experiment 1 (N=36) tested whether proper use of contrastive accent 
(1a) leads to anticipatory looks to a target object as compared to a condition that did not have 
contrastive accent. Experiment 2 (N=35) tested how listeners respond to sentences that have 
improper use of contrastive accent (2a). Using exactly the same materials as in Experiment 2, 
participants in Experiment 3 (N=33) were informed before the experiment that the speaker was 
not trustworthy. This allowed us to explore how listeners might learn to adapt to speaker-specific 
uses of contrastive prosody in an array of communicative settings. 
Results. We used LMER models to analyze the proportion of looks made to the target object 
(purple cat in Exp. 1, purple pig in Exp. 2 and 3).  To determine if the listeners made anticipatory 
eye movements before the onset of the target object, we analyzed the time window from the 
onset of color adjective (purple) until the minimum onset of final noun (cat/pig, anticipatory time 
window). We included Prosody (with or without contrastive accent) and Trial Order (1 to 90) and 
their interaction as factors in the model. In Exp.1 (target: purple cat), participants looked more 
at the target object with contrastive accent than without it (p <0.05, Fig. 2). Crucially, the effect 
was observed before participants heard the disambiguating word, indicating that participants 
used contrastive accent to anticipate the upcoming word that was most likely to contrast with the 
previous word, given the visual array. In Exp.2 (target: purple pig), no effect of prosody was 
observed in the anticipatory time window, suggesting that improper use of contrastive accent 
interfered with the use of prosodic information to make anticipatory eye movements. A 
combined analysis between Experiment 1 and 2 showed a main effect of Experiment (p<0.05), 
confirming that on hearing the adjective information, participants in Experiment 2 looked less at 
the object that made a contrast with the previous object compared to participants in Experiment 
1. In Exp.3 (target: purple pig), an interaction between Prosody and Trial Order was observed 
in the anticipatory time window (p<0.05, Fig. 3, 4), demonstrating that listeners learned how to 
predict the upcoming referent with improper contrastive accent over the course of the 
experiment. A combined analysis between Experiment 2 and 3 showed a marginal three-way 
interaction of Prosody × TrialOrder × Experiment (p=0.057), suggesting that learning effect of 
improper use of contrastive accent was significant only in Experiment 3. 
Conclusion. We found that listeners used contrastive accent to anticipate upcoming information, 
and that they did not use prosody when the use of contrastive accent was unconventional. 
However, when listeners learned that the speaker was uncooperative, they adapted to the 
speaker’s specific mapping between prosody and meaning, allowing them to anticipate an 
upcoming referent on the basis of improper, but consistent, contrastive accent. The results 
suggest that listeners’ beliefs about the speaker’s intention modulate the extent to which a 
listener is willing to adapt her expectations during prosodic processing.  
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Materials 
Experiment 1 
(1) First, find the red cat. 
a. Proper contrastive accent: Next, find the PURPLEL+H* cat. 
b. Control sentence: Next, find the purple cat. 
Experiment 2 and 3 
(2) First, find the red cat. 
a. Improper contrastive accent: Next, find the PURPLEL+H* pig. 
b. Control sentence: Next, find the purple pig. 
 
 
 
 
 
 
 
 
 
 
 
 
  Fig. 1 Visual array in experiments                        
 
                                                                                   
                                                                                            Fig. 2 Looks to the target object in Exp. 1 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Looks to the target object in Exp. 3                          Fig. 4 Change in looks to the target object in Exp. 3 
 
References 
[1] Ito & Speer (2008). Anticipatory effects of intonation: Eye movements during instructed visual search. JML. 
[2] Snedeker & Trueswell (2003). Using prosody to avoid ambiguity: Effects of speaker awareness and referential 

context. JML. 
[3] Norris, McQueen, & Culter (2015). Prediction, Bayesian inference and feedback in speech recognition. LCN. 
[4] Kaschak & Glenberg (2004). This construction needs learned. JEP: General. 
[5] Tanenhaus, Kurumada, & Brown (2015). Prosody and intention recognition. In Explicit and Implicit Prosody in 

Sentence Processing. 
[6] Roettger & Franke (2017). Evidential strength of intonational cues and rational adaptation to (un-)reliable 

intonation. Unpublished Ms.  
[7] Nakamura, Harris, & Jun (2017). Cue reliability affects anticipatory use of prosody in processing globally 

ambiguous sentences. CUNY presentation. UC Davis. 



Fool me once: Readers Adapt to NP/Z garden paths but not ORCs  
Caroline Andrews, Brian Dillon, & Adrian Staub  (UMass Amherst) 

Syntactic adaptation is a key part of probabilistic expectation-based theories of            
comprehension, which hold that comprehenders adjust to the frequency of constructions in their             
environment [1,2,3]. Expectation-based theories hold that less expected structures are harder to            
process, but this difficulty can be attenuated through adaptation. This view predicts that, all else               
being equal, adaptation should occur for all syntactic structures. Yet the majority of recent              
studies on adaptation focus on difficult MainV/RelV garden paths [1,4]. These ambiguities may             
not be representative of general parsing because they cause conscious difficulty and so may be               
salient in an experimental context. For these structures, ‘adaptation’ might be a matter of              
developing an explicit task strategy rather than implicit expectation adjustment. This ‘explicit            
learning’ view of adaptation may more consistent with failures to replicate adaptation [5], as              
explicit strategies are more likely to vary arbitrarily across studies.  

To test this, we directly compared adaptation to two structures: a salient garden path               
structure (NP/Z ambiguities; 2), and object-extracted relative clauses (ORCs; 1), which are            
infrequent but (intuitively) do not cause catastrophic garden pathing. We conducted paired            
eyetracking-while-reading studies (both N=72) to test adaptation to each structure. We varied            
the intra-experiment frequency of each construction: E1 used 32 ORC s (25% of trials), 8 SRC s,               
and 8 Z tokens; E2 had 32 Z tokens, 8 NP-resolved NP/Zs, 8 ORC s, and 8 SRC s. A                  
pre-experiment sentence completion task confirmed ORCs had a very high initial surprisal of             
8.38 (c.f. 6.97 for the MV/RRC ambiguity in [1]). In both experiments, we measured go-past and                
total reading times (RTs) at the disambiguating word. For both structures, expectation-based            
adaptation should result in an ORDERxSTRUCTURE interaction, with RTs getting faster for the             
more difficult structure across the experiment more than for the less difficult structure. Moreover,              
if adaptation is sensitive to frequency (as opposed to merely seeing salient garden paths in an                
experiment), the speed-up for a given structures should be more rapid when it is the most                
frequent structure in the experiment. We test this by looking at ORDERxEXPERIMENT            
interactions for the more difficult structure (e.g. RTs on the ORC subject noun in E1 vs. E2). 
Results: Almost all measures showed a main effect of ORDER : RTs sped up across the               
experiment. However, we saw no significant adaptation (ORDERxSTRUCTURE) to ORCs in E1.            
In E2, we did see a significant adaptation in total times (ORDERxSTRUCTURE in maximal LMER               
model t=-5.11): the slowdowns on the disambiguating word of Z sentences diminished across             
the experiment above and beyond any simple effect of trial order. That this was seen only in                 
total times is consistent with [4]. No ORDERxEXPERIMENT interaction was seen: there was no              
evidence that the rate of adaptation seen for NP/Zs in E1 was significantly greater in E2, when it                  
was highly frequent. This suggests that the NP/Z adaptation in E2 is not due to the relative                 
frequency of Z in context, though we may have lacked sufficient power for this interaction. 

Across two experiments, we found only limited evidence for adaptation: there was adaptation              
to the difficult NP/Z garden path, but only in total time measures. The limited nature of the                 
adaptation effects, and the fact that it only impacted late reading measures, is more consistent               
with an ‘explicit learning’ view of adaptation to garden paths than a probabilistic             
expectation-based view of adaptation. These results, in conjunction with the failure to replicate             
in [4], call into question the reliability and generality of syntactic adaptation effects. 
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         (1) a. ORC : The biologist that/ the botanist/ consulted/ presented ... 
               b. SRC : The biologist that/ consulted/ the botanist/ presented … 
         (2) a. Z: While the artist sketched the deer in the field/ munched/ late summer grass... 
               b. NP: While the artist sketched the deer in the field the herd/ munched/... 

 

Example items for E1 (1) and E2 (2). RTs (total time and go-past) were measured on the 
critical disambiguating word.  
 

 
 
Figure 1: Total 
Time within-exp 
comparisons.  Exp 
1: 32 ORCs vs 8 
SRCs; Exp 2: 32 
Z vs 8 NP variants 
of NP/Zs.  
 
 
 
Figure 2: 
Between-exp 
comparisons in 
Total Times.  
ORCs: 32 tokens 
(Exp 1) vs 8 
tokens (Exp 2); 
NP/Zs: 8 tokens 
(Exp1) vs 32 
tokens (Exp 2) 
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Perspectival plurality: interpreting multiple perspectival elements in one domain 
Elsi Kaiser (University of Southern California) 
emkaiser@usc.edu 
 
Perspectival elements--e.g. predicates of personal taste (PPTs, e.g. tasty) and logophoric 
reflexives (e.g. in representational NPs, picture of herself)--involve the point-of-view of a 
perspectival center/judge. Sentences with multiple perspectival elements have received little 
attention, but are important for adjudicating between theories of perspective. However, prior work 
tests sentences involving the 1st-person speaker, which may underestimate perspectival plurality. 
A clearer picture may emerge with 3rd-person perspectival centers. We tested perspectival 
plurality with PPTs and anaphors in representational NPs (RNPs). People (n=42) read sentences 
with two 3rd person characters, containing RNPs modified by PPTs, and answered questions 
(Tables 1,2). We manipulated (i) the verb (told/heard)–manipulating the source- and perceiver-of-
information status of the subj and obj–and (ii) whether the RNP (photograph) contains a reflexive, 
pronoun or no anaphor (36 targets, 68 fillers). Questions probed PPTs’ perspectival centers and 
anaphors’ antecedents (Table 2). People read as if reading excerpts from novels.  

We test two hypotheses: Hyp.1: If the referent of a logophoric reflexive determines the judge 
for the PPT (anaphor-governed judge hypothesis), in sentences like (1a) answers to the who-
shown and whose-opinion questions should converge. Given Kaiser et al.’09’s finding that 
reflexives in RNPs are sensitive to subjecthood and source-of-information, we expect both 
questions to show a subject preference, but relatively more object choices with heard than told in 
structures like (1a). What about short-distance pronouns (photograph of her), also perspective-
sensitive (Tenny’03)? If the anaphor-governed judge hypothesis applies, then–given Kaiser et 
al.’s finding that RNP pronouns prefer perceivers-of-information–both questions with structures 
like (1b) should trigger an object preference with told and a subject preference with heard.  

Hyp.2: If perspective-sensitive anaphors and PPTs can be anchored to different perspectival 
centers (anaphor-independent judge hypothesis), answers to who-shown and whose-opinion 
questions will diverge. Under this view, both PPTs and perspective-sensitive anaphors are 
associated with perspectival anchors, but the anchors can be distinct. Based on Kaiser et al., we 
still expect pronouns to prefer perceivers-of-information and reflexives to show a subject 
preference modulated by a source-of-information preference. What about the judges of PPTs? 
Recent work by Bylinina’14 and McNally/Stojanovic’17 claims that PPT judges are experiencers. 
In (1a-c), the most plausible experiencer for the PPT (e.g. frightening) is the source (sub of told, 
obj of heard). If PPT judge identification is not governed by the anaphor’s antecedent, we may 
find an experiencer preference for whose-opinion questions in sentences with/without anaphors. 

Who-shown results: Reflexives trigger more subject choices than pronouns (glmer, p<.0001) 
which elicit more object choices. The rate of object choices with pronouns is modulated by the 
verb (p’s<.01), replicating the perceiver preference (Kaiser et al.’09). Whose-opinion results 
reveal a strong preference to interpret the source of information (subject of told, object of heard) 
as the judge of PPTs, in line with the experiencer-based prediction. This holds regardless of the 
presence of a pronoun, reflexive or no anaphor (p’s <.01). Crucially, once we combine these 
response types, we find a divergence between PPT judge identification and antecedent 
choice (Figs.1,2). In Fig.1 (how often anaphor refers to the subject), if PPT judge identification 
were aligned with antecedent choice, all bars should be dark blue (subject opinion). However, this 
is clearly not the case in the heard conditions with either pronouns or reflexives: despite a high 
rate of subject interpretations, there is a high rate of object-opinion responses. This disconnect is 
also visible in Fig.2 which shows how often the anaphor refers to the object. Here, pronouns in 
particular show high rates of subject opinion responses with told, despite an object preference.  

Our results support the anaphor-independent judge hypothesis: We find no evidence that 
PPT judge identification and the perspectival anchor of logophoric reflexives or pronouns go hand-
in-hand. Instead, we find clear evidence for perspectival plurality, even within the nominal domain. 
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Table 1. Example sentences  
(1a) Reflexive:  Nora {told/heard from} Amy about the frightening photograph of herself. 
 
(1b) Pronoun:   Nora {told/heard from} Amy about the frightening photograph of her. 
 
(1c) No anaphor:  Nora {told/heard from} Amy about the frightening photograph 
 

 
Table 2. Example questions  
(2a) Who is shown in the photograph?   Nora    Amy   
[only asked on anaphor trials, asked first] 
 
(2b) Whose opinion is it that the photograph is frightening?   Nora    Amy  Narrator 
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Generalizing subjective opinions: evidence from two classes of perspectival adjectives 
Elsi Kaiser & Sarah Hye-yeon Lee (University of Southern California) 
emkaiser@usc.edu 
 
Adjectives called predicates of personal taste (PPTs, e.g. fun, tasty) express an individual’s 
(typically the 1st-person speaker’s) subjective perspective/opinion. However, recent semantic 
work [9,10] claims that PPTs go beyond a 1st-person perspective: “PPTs such as tasty are used 
to make statements about whether something is tasty to people in general, based on first person 
experience” [10]. This conflicts with [6]’s seminal work. Given this tension between 1st-person 
subjectivity vs. generalization to others, we conducted Exp1 to empirically assess the robustness 
of PPTs’ generalizing effect, and Exp2 to compare PPTs to another class of subjective adjectives.  

Exp1 manipulated the generic/episodic nature of the PPT sentence and whether it is a main 
clause or embedded under think/find (Table 2). People (n=48) read sentences (Table 1), and 
typed a number to indicate how many aliens share the opinion (30 targets, 51 fillers). Nonce words 
and aliens avoid bias from people’s own opinions. Adjective choice was based on prior work. 

We manipulated whether the critical sentence was episodic/generic (Table 2). Hyp1: 
Generic sentences involve generalization; PPTs in generics may thus be judged more 
generalizable (shared by more aliens) than in episodic sentences (generic>episodic). Hyp2: 
Alternatively, episodic sentences may be more generalizable: Generic sentences do not require 
the speaker to have direct experience or to agree with the statement [9,10], but episodic 
sentences with PPTs signal the speaker has direct 1st-person experience (and agrees with the 
sentence). These properties, together with results that direct experience has a stronger effect on 
attitudes than indirect information [3,11] and humans tend to assume that personal experiences 
generalize to others [4], predict more generalizability with PPTs in episodic sentences. 

We also test whether embedding PPTs under think/find influences the level of 
generalization. Hyp3: Many aspects of the source person influence processing of attitudes [1]. If 
the source person explicitly affiliates themselves with an opinion, this may be seen as boosting 
their commitment and thus their reliability: Embedding should strengthen generalizability. Hyp4: 
Alternatively, anchoring an attitude to an individual may weaken generalizability: explicit mention 
of an individual’s mental state can signal that it is not a general claim (Maxim of quantity [5]). This 
predicts PPTs in main clauses that do not mention the speaker are judged more generalizable.  

Results: Fig.1 shows the mean number of aliens that people said share the opinion. Episodic 
sentences are more generalizable than generic ones, regardless of clause structure (lmer on z-
scores, main effect, p’s<.02). Clause structure also matters: PPTs in main clauses are more 
generalizable than PPTs under think (p<.001) or find (p<.001; think and find do not differ, p>.2, 
contra [12]). This holds for both episodic and generic conditions: Explicit self-reference weakens 
the generality effect. Also, 95% CIs suggest that when PPTs are unembedded, the number of 
aliens judged to share the opinion exceeds 50/100, but not in other conditions: PPTs in main 
clauses are interpreted as applying to over half of people/aliens, in line with [9,10]. 

Exp2: According to Hyp2, the generalization of episodic sentences stems from PPTs in 
episodic sentences implying 1st-person experience, unlike generic sentences which do not 
require 1st-person experience. Exp2 takes a closer look at this. We build on claims that PPTs 
differ from other subjective adjectives such as healthy, intelligent in that only PPTs require the 
judge to be an experiencer [2,7]. If Hyp2 is on the right track, we predict no difference in the 
generalizability of episodic vs. generic sentences with non-PPT, non-experiencer-referring 
subjective adjectives. Exp2 (n=48) tested this (same design as Exp1), with multidimensional 
adjectives replacing PPTs. The results (Fig.2) confirm our prediction: Self-reference weakens 
generality (p’s<.001), but now there is no episodic/generic difference (p’s>.25).  

We provide novel evidence for PPTs being more generalizable (applicable to more people) in 
episodic than generic sentences. Non-PPT multidimensionals fail to exhibit this contrast, 
supporting our view that 1st-person experience is key for generalizability of subjective views.  
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Table 1. Exp1 example item in generic/main clause condition. (All targets had different adjectives) 

Context and 
critical sentence 

We are visiting an alien planet. You overhear one of the aliens say:   
Hixes are fun. 
 

Question If we randomly select 100 aliens from this planet, how many of them do 
you think share this alien's opinion about hixes? <type a number> 
 

(In episodic conditions, the question had the form “…share this alien's opinion about the hix?”) 
 
 
Table 2. Design of Exp1 (PPTs e.g. fun) and Exp2 (multidimensional non PPTs, e.g. intelligent) 

 Main clause Embedded under think Embedded under find 
Generic (a) Hixes are 

{fun/intelligent}. 
(b) I think hixes are 
{fun/intelligent}. 

(c) I find hixes 
{fun/intelligent}. 

Episodic (d) That hix was 
{fun/intelligent}. 

(e) I thought that hix was 
{fun/intelligent}. 

(f) I found that hix 
{fun/intelligent}. 

 
  
Figure 1. Results of Experiment 1 with PPTs.  Figure 2. Results of Experiment 2 with non-PPT,  

multidimensional adjectives 

 
(error bars show +/- 1 SE) 
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Individual differences in ERP profiles to agreement attraction anomalies 
Shannon McKnight, Akira Mikaye & Albert Kim (University of Colorado Boulder) 
shannon.mcknight@colorado.edu  
We used ERPs to investigate the neural mechanisms involved in processing long distance 

grammatical dependencies, as part of a large scale investigation of individual differences in 
sentence comprehension. 196 participants read 30 sentences of each type 1-4: 

1.   The key to the cabinet was rusty. 
2.  *The key to the cabinet were rusty.              
3.   The key to the cabinets was rusty.               
4.     *The key to the cabinets were rusty.   

Such sentences have been used in many studies of grammatical agreement during language 
production (Eberhard et al., 2005, Psych. Rev.) but in only a few studies of comprehension (e.g., 
Tanner et al., 2014, JML; Wagers et al., 2009, JML). In each sentence, an embedded noun 
(cabinet[s]) intervened between the subject noun (key) and the verb (was/were). The embedded 
noun potentially interferes in two ways with subject-verb agreement. First, in (4), the embedded 
noun shares the verb’s number and might contribute to failure to detect the violation of subject-
verb agreement (fail-to-detect). Second, in (3), the embedded noun differs in number from the 
verb, which might contribute to the incorrect detection of ungrammaticality (false alarm).  

Group Averaged Patterns. In data averaged across all participants, the embedded noun 
created interference of both the false alarm (3) and fail-to-detect (4) varieties. The simple anomaly 
(2) elicited a left anterior negativity (LAN) and a P600 ERP effect at the critical verb, relative to 
(1) (Fig 1A, top row). (4) elicited a similar but smaller effect, consistent with interference of the 
fail-to-detect variety. (3) elicited an extended positivity relative to (1), but no significant LAN-like 
difference (top row; Fig 1c). This effect is consistent with interference of the false alarm variety.  

Our group-level pattern is at odds with two previous studies that have reported interference in 
(4) but not (3). These studies have argued that in (4) the subject noun’s failure to match the verb 
in number leaves an opening for the partially matching embedded noun to attract agreement 
(Wagers et al., 2009, JML). Meanwhile, interference in (3) is proposed to be impossible, because 
when the subject noun matches the verb in number, subject-verb agreement is always successful, 
precluding interference from the embedded noun. Our data are more compatible with an account 
in which an embedded noun interferes with agreement regardless of whether the subject noun 
matches the verb’s features, by influencing the complex noun phrase’s number representation, 
as proposed by theories of agreement in language production (Eberhard et al., 2005). Because 
our data are obtained in a large sample of participants (N = 196), they provide more power to 
detect interference in (3) than the previous studies.  

Individual Differences. We observed substantial individual differences in ERPs by sorting 
participants based on the magnitude of their LAN effect for sentence type (2), which yielded a 
bimodal distribution of individuals with LAN-dominated or P600-dominated effects (Figure 2A). 
The  LAN+P600 pattern in the group average data, which has been reported in a number of other 
studies, appears to be the result of summing brain activity across different categories of people, 
rather than a two-part brain response that is expressed within each individual. Moreover, 
individual differences in ERPs were stable within individuals as they encountered different 
sentence types. An individual’s response to sentence type (2), whether LAN-dominated or P600-
dominated, predicted how the same individual would respond to the fail-to-detect (4) and false 
alarm (3) sentences (rows 2-5; Fig 1A-C). These correlations strengthen the conclusion that 
sentences (2)-(4) elicit similar brain responses (Fig 2A-B).  

Our next step in this work will be to identify the cognitive sources of individual differences in  
ERP profiles. Each participant has completed an extensive battery of cognitive abilities, including 
executive function and language skill/knowledge tasks. We will test the hypothesis that 
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susceptibility to interference in the computation of long distance agreement dependencies varies 
across individuals and whether that susceptibility is related to specific cognitive abilities.  

 
 

 

 

 

 

 

 

 

 
 
 
Figure 1: Row One - Grand average ERP responses to sentence types 2 (A), 4 (B), and 3 (C) over and above activity to the 

control condition 1. Waveforms above the scalp distributions show the anomalous condition (red) vs the control condition (black) over 
selected ROI channels. In the grand average, all contrasts except 3v1 LAN were significant. All effects are scaled between -1 and 1 
microvolt, with more negative-going differences in blue and positive-going differences in red. Rows 2-5 represent averages of 40 
participants aggregated by their place in the LAN effect distribution.  



Reassessing the grammaticality asymmetry in agreement attraction: An ROC analysis 
Christopher Hammerly (UMass), Brian Dillon (UMass), and Matt Wagers (UCSC) 
Agreement attraction occurs when a distractor noun that mismatches the number of the 

subject affects the computation of verb agreement. For example, in the PP-modifier construction 
The critic of the movie(s) is/*are crazy, the presence of a mismatching plural distractor (movies) 
in ungrammatical sentences increases the proportion of grammatical responses in judgments, 
relative to the ungrammatical distractor match baseline (e.g. [7]) 

One theoretically central, but empirically contested, question is whether mismatch 
effects arise in grammatical sentences. The representational Marking & Morphing account [2] 
predicts a symmetric effect of attraction from both grammatical and ungrammatical strings via 
spreading activation of number features to the subject root phrase. By contrast, the operational 
cue-based retrieval model predicts an asymmetric effect, as the features of the verb in 
grammatical strings completely match the subject head, while the verb in ungrammatical strings 
partially matches with both the subject head and distractor. Recent implemented models 
strengthen this prediction: under common assumptions about the cues and their combinations 
(e.g. [7]), the asymmetry is predicted to be total, with no attraction in grammatical strings. While 
many studies have found an asymmetry consistent with current cue-based models, recent 
evidence from [3] suggests that the asymmetry is the result of response bias, calling into 
question the conclusion that the asymmetry supports the cue-based account. [3] argue that the 
presence of symmetrical attraction in the absence of bias supports a representational account. 
 The present study used signal detection theory (SDT) to partial out the effects of bias in 
judgments to test whether there is a grammaticality asymmetry. We examined two attractor 
positions: embedded in PP, and the head of an object relative clause (ORC). [6] argued that 
attraction only arises due to retrieval with ORCs, but has a representational source with PPs. If 
this is the case, we expect an asymmetry to arise with ORC but not PP attractors. To test 
this claim directly, we maintained a constant syntactic structure across conditions. We 
manipulated factors GRAMMATICALITY and ATTRACTOR using the sentence structure illustrated in (1) 
(Nitems = 120 experimental + 70 fillers). We used the ratings method design [1,4]: sentences 
were presented word-by-word (325ms/word), and participants (N = 84) made a binary 
grammaticality judgment followed by a three-point confidence rating. 
 

(1) a. Alex lost the phonebook that the lawyer for the company often use(s) Match 
      b. Alex lost the phonebooks that the lawyer for the company often use(s) ORC Mismatch 
 c. Alex lost the phonebook that the lawyer for the companies often use(s) PP Mismatch 
 

The results show a similar picture in both PPs and ORCs. For reference, the raw data for 
judgments, judgment RT, and confidence are shown in Table 1. We constructed empirical 
Receiver Operating Characteristic (ROC) curves with the ratings, shown in Figure 1, to 
determine the discriminability of the mismatch condition against its match baseline for each level 
of grammaticality in both the PP and ORC conditions. Using the pROC package in R [5], we 
computed the dA value from the best-fitting unequal-variance SDT model for each of these 
contrasts, and conducted a bootstrap test for on the difference in mismatch effect for 
grammatical vs. ungrammatical sentences for each construction. While there is a significant 
effect of attractor mismatch in both grammatical and ungrammatical sentences, the effect 
is not symmetrical. The comparison of grammatical/ungrammatical sentence ROCs reveals the 
mismatch effect is larger in ungrammatical sentences (p < 0.001 for both PPs and ORCs). 
 The results do not wholly support either existing account. While current implementations 
of retrieval capture the grammaticality asymmetry, they do not capture the mismatch effect in 
grammatical sentences. Meanwhile, Marking & Morphing captures the grammatical mismatch 
effect, but not the asymmetry. The results are consistent with two possible explanations: (i) a 
revision to cue specification in the retrieval model; (ii) the adoption of a hybrid model where both 
retrieval-based and representational effects of distractor mismatch can arise. 
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 % 
Gram 

Grammatical responses Ungrammatical responses 
Condition RT Confidence  RT Confidence 

Gram. Match  0.75 924 (24) 2.44 (0.03) 1088 (30) 1.95 (0.04) 
Gram. PP Mismatch  0.68 979 (22) 2.31 (0.03) 1048 (28) 1.89 (0.05) 

Gram. ORC Mismatch 0.66 989 (25) 2.27 (0.04) 1100 (27) 1.88 (0.05) 
Ungram. PP Mismatch 0.37 1057 (30) 1.98 (0.05) 975 (22) 2.31 (0.04) 

Ungram ORC. Mismatch 0.40 1041 (26) 2.13 (0.05) 1014 (23) 2.27 (0.04) 
Ungram. Match 0.18 1091 (39) 1.94 (0.08) 914 (21) 2.46 (0.03) 

Table 1: Summary of percent grammatical responses and RT in ms for binary judgment task, as 
well as mean confidence ratings. Confidence ranged from 1 (not at all confident) to 3 (very 
confident). By-participant standard error is in parentheses.  

 

 
Figure 1: Empirical ROC curves for match vs. mismatch contrast by grammaticality and 
construction. Greater area under the curve corresponds to higher discrimination between match 
and mismatch conditions, and is related to the dA value derived from the best-fitting unequal 
variance SDT model. Corresponding dA value and 95% CI are given next to each curve. 
 
[1] Dillon et al. (2018) A new argument for co-active parses during language comprehension   
[2] Eberhard et al. (2005) Making syntax of sense: Number agreement in sentence 
production. [3] Hammerly et al. (2018) The grammaticality asymmetry in agreement attraction 
reflects response bias: Experimental and modeling evidence. [4] Macmillan & Creelman (1991) 
Detection Theory: A User’s Guide. [5] Robin et al. (2011) pROC package in R. [6] Staub (2010) 
Response time distributional evidence for distinct varieties of number attraction. [7] Wagers et 
al. (2009) Agreement attraction in comprehension: Representations and processes. 
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dA = .25 [.18, .33] 

 
   dA = .55 [.47, .63] 

dA = .31 [.24, .40]    dA = .60 [.51, .67] 

       Grammatical PP Ungrammatical PP 

Grammatical ORC Ungrammatical ORC 



Verb bias in individuals with developmental language disorder 
Jessica Hall (University of Arizona), Amanda Owen Van Horne (University of Delaware) & 

Thomas Farmer (University of California, Fullerton) 
jessicahall@email.arizona.edu 

Background. Children can use information associated with a verb to predict its argument, an 
effect termed verb bias (e.g., Snedeker and Trueswell, 2004). Verb bias is flexible and reflective 
of lifelong learning (Peter et al., 2015; Ryskin et al., 2016), but it has not been examined in 
children with developmental language disorder (DLD). Based on studies of children with DLD 
that show poor verb learning (Oetting et al., 1995) and difficulty with verb argument structure 
(Ebbels, 2005; Thordardottir & Ellis-Weismer, 2002) relative to typically developing (TD) peers, 
as well as findings from our own study of verb bias with college-age participants with DLD (Hall 
et al., 2019), we predict children with DLD will be less sensitive to verb bias than their TD peers.  

Methods. We tested verb bias sensitivity in 37 children, 7-9 years old, 17 of whom were 
identified as having DLD by a score of 95 or lower on the Structured Photographic Expressive 
Language Test, 3rd edition (Dawson, Stout, & Eyer, 2003). Children listened to sentences that 
were syntactically ambiguous but could be disambiguated using verb bias, with the same biased 
verbs as Snedeker and Trueswell (2004): “The elephant pokes the camel with the feather.” 
Children used a computer mouse to choose between two pictures that each contained a 
possible interpretation of the sentence: one in which “with the x” is interpreted as an instrument 
and one in which it is interpreted as a modifier (see Figure 1). Picture choice served as an 
explicit measure of verb bias sensitivity; mouse tracking provided an implicit measure. 

Results. A mixed effects logistic regression revealed that participants across groups were 84% 
likely to choose instrument on any given trial, p < .0001. The bias of the verb did not influence 
choice of interpretation, p = .17; participants were 88% likely to choose the instrument picture 
when the bias was instrument, compared to 79% likely when the bias was modifier. Mouse 
movements reflected some sensitivity to verb bias, with trajectories that curved more toward the 
unselected picture when their response was inconsistent with verb bias, p = .03 (see Figure 1). 
Diagnostic group membership did not contribute significantly to either model, ps > .05. We ran a 
secondary analysis comparing children and adults. We included as a covariate the strength of 
verb bias, as measured by norms in Snedeker and Trueswell (2004). We found a significant 
interaction between age, diagnostic group, verb bias, and strength of bias. TD adults had more 
curved trajectories when they chose modifier on strongly instrument-biased trials than on weakly 
instrument-biased trials, ps < .05, an effect no other group showed (see Figure 2). 

Conclusions. Our findings were surprising because verb bias is evident at younger ages, and 
in our study with adults with identical stimuli, verb bias significantly impacted interpretation 
choice for both DLD and TD groups. However, results fit a pattern of findings of ongoing 
development. In Snedeker and Trueswell (2004), verb bias cues outweighed referential cues for 
5-year-old children, differentiating them from adult participants. But children’s eye movements 
indicated emerging consideration of referential cues. Peter et al. (2015) also found age effects 
for verb bias in their study of 3-6-year-olds and adults. We propose the 7-9-year-olds in our 
study are learning to integrate and weight different cues to interpret sentences. This instability 
may account for both the differences from adult performance as well as the lack of diagnostic 
group differences in children. Our finding of graded sensitivity to verb bias in TD adults is further 
evidence that verb bias and cue weighting may remain relatively unstable for individuals with 
DLD while their TD peers become more consistent and stable over development.  
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Figure 2. Mean mouse trajectories 
by age and diagnostic group for trials 
with strongly biased verbs (top) and 
weakly biased verbs (bottom), for 
responses consistent with verb bias 
(left) and inconsistent (right). TD 
adults (pink circles) showed more 
curved trajectories on trials when 
their choice was inconsistent with 
strongly instrument-biased verbs 
compared with other trial types, an 
effect no other group showed. 
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Figure 1. Solid lines represent 
averaged mouse trajectories for 
choosing an interpretation 
consistent with bias (left) and 
inconsistent with bias (right) for 
children with typical development 
(TD, pink) and developmental 
language disorder (DLD, orange). 
Thin black lines represent ideal 
lines from start to end point from 
which maximum deviation was 
measured, the dependent variable 
in our analyses. Trajectories are 
straighter for both groups when 
they chose interpretations 
consistent with verb bias. 

Participant hears “The elephant pokes the camel with the feather.” 

TD choose instrument (consistent)  
DLD choose instrument  
TD choose modifier (inconsistent) 
DLD choose modifier 



Cross-linguistic influence on the interpretation of ambiguous wh-questions: L1 transfer 
but no L1 attrition 
Theres Grüter (University of Hawai‘i) & Holger Hopp (TU Braunschweig) 
theres@hawaii.edu 
 Cross-linguistic influence in syntactic processing among bilinguals is well attested, yet 
only few studies have investigated the influence of L2 on L1 sentence processing among 
sequential bilinguals in long-term immersion settings (expats/”attriters”; Schmid & Köpke, 2017). 
Recent behavioural and ERP studies have shown mixed results from expats’ (neuro-)cognitive 
processing of morphosyntax in their L1. While Bergmann et al. (2015) reported native-like 
processing of morphosyntactic violations even after decades of L2 exposure, Dussias and 
Sagarra (2007) found a shift in RC attachment preferences in the L1 after long-term L2 
immersion. More recently, Kasparian and Steinhauer (2017) found expats treated grammatical 
constructions in their L1 as violations if their L2 word-order-equivalents were ungrammatical, 
with the strength of violation effects modulated by length of L2 exposure and proficiency. Based 
on these findings, we hypothesize that expats’ processing of structurally ambiguous sentences 
in the L1, whose word-order-equivalents in the L2 are unambiguous, will also show L2 influence. 
Specifically, we predict that L1-German/L2-English expats would preferentially interpret a 
globally ambiguous wh-question in their L1 German with the only interpretation available for its  
English word-by-word translation. Due to differences in main verb position in (1a&b), this 
predicts a bias towards a subject-question in the present (1a), and an object-question in the 
perfect tense (1b). Such differential biases were previously shown in an offline picture-pointing 
experiment with beginning-level L1-English learners of L2-German (Grüter, 2006). In a visual-
world eye-tracking experiment, we test whether evidence of such effects also emerges going 
from a dominant L2 to the L1, and we directly compare L1-to-L2 and L2-to-L1 effects. 
 L1-German speakers in the U.S. (‘expats’, n=21; mean length of residence: 14.5yrs, 
LexTALE English M=88, LexTALE German M=89, median daily use of German: 10-20%), L1-
German speakers in Germany (‘L1ers’, n=29), and L1-English learners of L2-German in the 
U.S. (‘L2ers’, n=22) listened to questions like (1a&b) while looking at visual scenes as in Fig.1, 
with the instruction to click on the animal representing the answer to the question. GLMER 
analyses of click responses (Fig.2) revealed a main effect of tense (b=-1.3, p=.001), with more 
subj-wh interpretations in the present vs. perfect. The effect was modulated by interactions with 
Group L1:L2 (b=-1.3, p<.001) and expat:L2 (b=-1.0 , p=.006), but not L1:expat (b=-.3 , p=.4). 
These findings show significantly greater change in bias by tense among L2ers (àL1 influence 
on L2), and no differences between expats and L1ers (àno L2 influence on L1). Click RT was 
comparable in L1ers (M=2966ms) and expats (M=2960ms), and longer in L2ers (M=3703ms, 
p<.01). In order to probe for potential temporary indices of cross-linguistic influence and/or 
uncertainty, we examined participants’ looks over time, grouping together looks to the animal 
they clicked on in that trial (‘Response’), to the animal constituting the other possible response 
(‘OtherOption’), and looks elsewhere, including the animal named in the question (Fig.3). No 
consistent differences emerged between looking patterns in the expat vs. L1 groups between 
the onset of the noun (‘Katze’) and mean click RT. Notably, looks to the ultimate response 
increased sharply after NP onset in all groups, while looks to the OtherOption decreased and 
remained low, thus showing no evidence of syntactic competition in these globally ambiguous 
questions (cf. van Gompel et al., 2005).  
 In sum, while the predicted effects of cross-linguistic influence emerged in the L2ers’ 
responses, no such effects were observed in the expats’ offline or online behavior. Moreover, 
neither their off- nor online performance was modulated by length of exposure, L2 proficiency 
(LexTALE English), or language dominance (LexTALE English minus LexTALE German). Thus 
despite clear L1-to-L2 effects in the English learners of German, we observed remarkable 
resilience to cross-linguistic influence from an L2 to the L1 in the context of interpretive 
preferences for globally ambiguous sentences in the L1. These findings are in line with Schmid 
& Köpke’s (2017) claim that L1 attrition effects in syntactic processing are limited in post-puberty 
L2 learners.  
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 (1) a. Was   leckt    die  Katze?            (= subject-q or object-q) 
  what  lick.3SG the  cat 
  ‘What licks the cat?’ (=subject-q) or ’What does the cat lick?’     (=object-q) 
 b. Was hat die  Katze geleckt?                (= subject-q or object-q) 
  what have.3SG the  cat licked 
  ‘What has the cat licked?’ (=obj-q) or ‘What has licked the cat?’   (=subj-q) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig1. Sample visual scene. Fig2. Mean Click responses (95% CIs) 
 

 
Fig3. Proportion looks to the animal clicked on (Response = agent or patient), the non-chosen 
option (OtherOption = patient or agent), and elsewhere on the screen (including the animal 
named in the question), by group and tense. 0 = noun onset (e.g., ‘Katze’) 
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The production of Object Relative clauses in Italian-speaking children: a syntactic 
priming study 

 
Claudia Manetti (University of Siena) & Carla Contemori (University of Texas at El Paso) 

manetticlaudia@gmail.com 

 

For children, Object Relative (OR) clauses with two animate noun phrases are difficult to 

comprehend and to produce across a number of languages (1). One study investigated the 

priming of ORs in comprehension (Brandt et al., 2017), showing no priming effect in 6-year-old 

German-speaking children, and a robust priming effect in 9-year-olds, a result explained as a 

delayed development of abstract representations of ORs in the younger group.  

In the present study, we designed a new production task to explore the effects of syntactic 

priming on the production of ORs, to test the claim of a lack of abstract representations for ORs 

in 6-year-olds. We aim at addressing the following research questions: (i) can ORs be 

successfully primed in production, a modality that has not yet being tested in previous syntactic 

priming studies for ORs? (ii) Do children younger than nine years-old have underlying 

representations for ORs with two animate noun phrases? 
We created a novel picture description task in which pairs of pictures are presented to the 

participant, and one of the two pictures is described by the experimenter by using an OR. After 

hearing the prime sentence, the child is shown another pair of pictures and is prompted to 

describe the patient in one of the two pictures by starting the sentence with This is (Figures 1-2).  

One group of seventeen 6-year-old Italian-speaking children (age range=5;11-7;1; M=6.3 SD= 

0.36) was primed with twelve ORs (OR-only condition, (1)) and was expected to describe a set 

of twelve target pictures with no lexical overlap with the primes.  

A second group of seventeen 6-year-olds (age range=5;7-6;2; M=5.9; SD=0.2) heard twelve 

prime sentences, consisting of eight ORs (1) and four subject relative clauses (SRs) with a 

passive verb (2) presented in random order (OR-and-passive SR condition), and then described 

twelve target pictures. Passive SRs are an alternative structure to ORs: previous production 

studies using various elicitation techniques demonstrated an increasing preference in producing 

passive SRs in children from age 6 (and overwhelmingly in adults) when an OR is expected 

(e.g., Contemori & Belletti, 2013).  

The majority of the ORs produced by children contained a resumptive clitic pronoun (The cow 
that the goats are pushing it-cl), a non-standard relativization strategy in Italian (Figure 3; e.g., 

Contemori & Belletti, 2013 for similar results using an elicitation task). For the statistical 

analysis, we only counted as correct the ORs with a gap produced by the children (as in (1)). 

We conducted a between-subject priming analysis in which the number of ORs produced was 

compared between the OR-only condition and in the OR-and-passive SR condition. The 

analysis revealed a significant decrease in the number of ORs produced by the group tested 

with the OR-and-passive SR condition compared to the group tested with the OR-only condition 

(ß=-1.2, SD=0.4, t=-2.766, p<0.005), and a significant increase in the number of passive SRs 

produced (ß=2.7, SD=0.7, t=3.864, p<0.0001).   

In a second analysis, we focused on the OR-and-passive SR condition, by comparing the 

amount of ORs produced after an OR prime (M=0.18; SD=0.38) to the amount of ORs produced 

after a passive SR prime (M=0.01; SD=0). The analysis showed a significant priming effect 

(ß=5.3, SD=1.7, t=3.074, p<0.002), with children producing more ORs with gap when an OR is 

primed than when a passive SR is primed (Figure 4). 

The results of the study demonstrate that children can be primed to produce ORs, and that they 

have underlying representations for ORs with two animate noun phrases at age 6, contra Brandt 

et al. (2017). Our results are in line with previous studies suggesting that children have abstract 

representations for several types of syntactic structures (e.g., Shimpi et al., 2007; Thotatiri & 

Snedeker, 2008a). Additional testing is currently ongoing to investigate the priming effects for 
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ORs in children younger than 6, and to explore lexically-based priming in a condition of lexical 

overlap between the prime and the target.  

 

  Figure 1. Example of a prime item   

                   
 

(1) Prime of a OR: Questa é la capra che le mucche spingono  

 This is the goat that the cows is pushing 
 

(2) Prime of a passive SR: Questa é la capra che viene spinta dalle mucche  

  This is the goat that is being pushed by the cows 

 

Figure 2. Example of a target item   

          
Example of a target picture described by the child. 

The experimenter points to the monkey in the left picture and says: Questa é…(This is….) 

 

Figure 3 (left). Proportion of responses in the two priming conditions (between-subjects 
analysis) 
Figure 4 (right). Proportion of responses in the OR-and-passive SR condition as a 
function of prime type (within-subjects analysis) 
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Learning subtle syntactic constraints in L2: Evidence from Norwegian-English Bilinguals 
 
 
Full Transfer models of L2 acquisition [1] hold that L2-learners initially analyze L2 input using 
their L1 grammar and restructure only when the native grammar cannot accommodate the input. 
Under such models learners may have difficulty acquiring new syntactic generalizations when 
the structures allowed by the L2 comprise a proper subset of those generated by L1. Since the 
L1 grammar can presumably generate all (and more) of the L2 structures/strings, there is little 
motivation for the learner to posit a more restrictive grammar for the L2. We tested how learners 
fare in one such case by investigating how native speakers of Norwegian judge structures that 
constitute island violations in English, but not in Norwegian.  
 
Norwegian and English both allow filler-gap dependencies into embedded declarative clauses, 
but Norwegian allows the dependencies to cross into embedded questions [2], which are 
typically considered islands for movement in English. For example, Wh-Trace constructions like 
(1b), where a subject phrase has moved out of an embedded object question, are reportedly 
permissible in Norwegian, but their English counterparts are not(1a). The set of acceptable 
dependencies in English is a subset of the dependencies in Norwegian, thus we might expect 
native Norwegians to not treat embedded questions as islands in English.  
 
Experiment. We tested whether native Norwegian speakers of L2 English display Norwegian or 
English-like island sensitivity when judging English sentences. We ran a judgment study testing 
the acceptability of relative clause movement from embedded questions like (1). Our study used 
the factorial design used in [3,4], which defines island effects as the super-additive interaction of 
two independent factors: Structure (NoIsland, Island) and Dependency Length (Short, Long). 
A Wh-Trace item exemplifying the design is in (2). We collected judgments from English 
monolinguals (N=32) on the English sentences. We had native Norwegians (all university 
students of and proficient in English, N=26, data collection ongoing) judge the same 
experimental sentences in English, as well as their Norwegian equivalents. We also had each 
group judge RC movement from subject islands, which is unacceptable in both languages, see 
(3). These comparisons were included as controls.  
 
Results. Native English participants rated Wh-Trace constructions and Subject Island violations 
reliably lower than other test sentences, yielding large island effects (see Figure 1; ps < .01). 
Norwegians participants accepted Wh-Trace constructions in Norwegian, showing no reliable 
Wh-Trace island effect, but generally rejected Wh-Trace constructions in English (see Figure 2), 
displaying a significant Wh-Trace island effect (p < .01). Norwegian participants exhibited strong 
subject island effects in both languages that they were tested in (see Figure 3, ps < .01).  
 
Discussion. Our findings suggest that proficient Norwegian speakers have intuitions about 
islands in their L2 English that resemble the intuitions of native English speakers. These results 
are surprising under Full Transfer models of L2 acquisition as it is not clear how these intuitions 
are acquired. We consider three possible explanations: First, L2 acquirers may be conservative 
when learning generalizations in their L2. Second, it is possible that the English input includes 
indirect triggers that rule out a Norwegian analysis of L2 English structures. It is currently 
unclear what such a trigger might be. Finally, it is possible that transfer from L1 is only partial 
and depends on markedness relations. Under such an account Norwegians would not transfer 
Wh-Trace constructions, to English, because they perceive them as acceptable but marked in 
their L1. 
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(1) a. *The sailors saw a signali that nobody knew what __i meant. 
b. Sjømennene så et signali som ingen visste hva __i betydde. 

 
(2) Example Experimental Item 

a. The sailors found someone that __ knew that the signal meant danger. [Short,NoIsl] 
b. *The sailors saw a signali that they knew __i meant danger.  [Long,NoIsl] 
c. The sailors found someone that __ knew what the signal meant. [Short,Island] 
d. *The sailors saw a signali that nobody knew what __i meant.  [Long,Island] 

 
(3) a. *The boy played with the dogi that the girls said the stories about __i weren’t true. 

b. *Gutten lekte med hunden som jentene sa historiene om __i   ikke var sanne. 
 

 
Figure 1. English control participants’ judgments of English sentences from Wh-Trace and 
Subject Island sub-experiments. 
 

 
Figure 2. Norwegian participants’ judgments of items in the Wh-Trace island sub-experiment. 
Panels correspond to whether judgments were of English or Norwegian sentences 
 

 
Figure 3. Norwegian participants’ judgments of items in the Subject island sub-experiment. 
Panels correspond to whether judgments were of English or Norwegian sentences.  
 
 
References. [1] Schwartz & Sprouse. 1996. Second Language Research. [2] Maling & Zaenen. 
1982.The nature of syntactic representation. [3] Sprouse, Wagers & Phillips. 2012. Language. 
[4] Kush, Lohndal & Sprouse. 2018. NLLT. 
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Effects of Misanalysed Filler-gap Dependencies in L1 and L2 Language Comprehension  
Hiroki Fujita & Ian Cunnings (University of Reading) 

h.fujita@pgr.reading.ac.uk 
 

Garden-path (GP) sentences (e.g., “While Mary dressed the baby played.”) often cause 
misinterpretation in native (L1) and non-native (L2) comprehension, with reanalysis being 
particularly difficult for L2ers [1,2,3]. Recent research suggests misinterpretation results from a 
failure to erase the initial interpretation (“Mary dressed the baby”) from memory rather than 
incomplete syntactic reanalysis [4]. While many studies have tested lingering misinterpretation 
in GP sentences, little is known about whether such effects occur in filler-gap dependencies that 
also require reanalysis. The present study addresses this issue and examines filler-gap 
dependencies like (1a). In (1a), “the novel” is the complement of “about” but may initially be 
interpreted as the theme of “read”. Thus, the correct answer to the question in (2) is “no”, but 
readers may incorrectly answer “yes” if the initial misinterpretation lingers. To examine whether 
reanalysing sentences like (1a) influences subsequent language comprehension, we conducted 
two experiments with 40 native English speakers and 40 upper intermediate-advanced English 
language learners. 
 Experiment 1 (Ex1) tested 12 sentences as in (1) and questions like (2). (1a) is 
temporarily ambiguous and requires reanalysis, while (1b) is unambiguous due to the fronted 
preposition (“about which”). If misinterpretation lingers, comprehension accuracy should be 
lower in (1a) than (1b). Experiment 2 (Ex2), conducted at least one week before Ex1, tested 24 
sentences like (3) while participants’ eye-movements were monitored. The first sentences in 
(3a/3c) are temporarily ambiguous, while (3b/3d) are not. Longer reading times are expected 
after the preposition (“earlier”) in (3a/3c) than (3b/3d) due to reanalysis [6]. A continuation 
sentence was also manipulated. In (3a/b), the continuation sentence is consistent with the 
correct analysis of the first sentence (“Alan was driving near the school bus”). In (3c/d), the 
continuation (“Alan was driving the school bus”) is inconsistent with this correct analysis but is 
consistent with the initially assigned misinterpretation. Thus, if the initial misinterpretation 
lingers, inconsistency may be attenuated in (3c), when the continuation matches the initial (but 
globally incorrect) interpretation of the first sentence, compared to (3d). If similar lingering 
effects occur in (3a), continuation sentences may elicit longer reading times relative to (3b), as 
the continuation in (3a) may be misperceived as being inconsistent with the first sentence. 
 Comprehension accuracy rates were marginally lower for ambiguous than unambiguous 
sentences in Ex1. Analyses showed a main effect of ambiguity at the disambiguation region of 
the first sentence in regression path duration and total viewing times due to longer reading times 
for ambiguous than unambiguous sentences. In the continuation sentence, total viewing times 
showed a significant two-way interaction between ambiguity and consistency, as inconsistent 
sentences elicited reduced reading times for ambiguous than unambiguous sentences, showing 
lingering misinterpretation. At the critical region, regression path duration showed a marginal 
two-way interaction between consistency and group due to longer reading times for consistent 
than inconsistent sentences only for the L2 group, while a two-way interaction observed 
between consistency and group in both measures suggested that only the L1 group read 
inconsistent sentences more slowly than consistent sentences. 

These results indicate lingering misinterpretation in sentences with filler-gap 
dependencies like (1/3). One potential reason for the unexpected low accuracy rates for 
unambiguous sentences in Ex1 may be that participants assigned the correct structure (e.g., 
“the girl read about the novel”), but then additionally inferred that “the girl also read the novel” 
when the comprehension question was asked. This may be similar to inferences that are made 
in GP sentences with optionally transitive verbs (e.g., “As the hunter shot the deer ran into the 
woods.”) [1]. Ex2 suggests that the lingering misinterpretation observed here results at least 
partly from a failure to erase the initially assigned interpretation.  
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Figure 1. Proportion of correct responses. 

Figure 2. Reading times in Ex2. Note: Disambiguation Region = “earlier”, 
Critical Region = “the school bus”, Spillover Region = “very patiently on”. 
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(1a) The boy bought the novel which the girl read very happily about last night. 
(1b) The boy bought the novel about which the girl read very happily last night. 
(2) Did the girl read the novel? 1. Yes 2. No 
 
(3a) The girl was in the school bus which Alan was driving very slowly near earlier today.  
       Alan was driving near the school bus very patiently on the road.  
(3b) The girl was in the school bus near which Alan was driving very slowly earlier today.  
       Alan was driving near the school bus very patiently on the road. 
(3c) The girl was in the school bus which Alan was driving very slowly near earlier today.  
       Alan was driving the school bus very patiently on the road. 
(3d) The girl was in the school bus near which Alan was driving very slowly earlier today.  
       Alan was driving the school bus very patiently on the road. 
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Information structure and the processing of word order variation in the first and second language. 
Priscila López-Beltrán, Michael A. Johns & Paola E. Dussias (Pennsylvania State University),  

Cristóbal Lozano &  Alfonso Palma (Universidad de Granada) 
pul57@psu.edu 

 
Traditionally, psycholinguistic research has supported the view that non-canonical word orders are inherently more difficult 
to process than their canonical counterparts [4] This asymmetry has been explained by arguing that sentences with non-
canonical word order are syntactically more complex and pose a greater working memory load. However, few of these 
studies have taken into account the influence of information structure– the relative ordering of given and new information 
in discourse– on word order variation. It has been shown that there seems to be a cross-linguistic preference to place given 
information in first position (i.e., given-new structure) and that this ordering is especially relevant for non-canonical 
constructions [1]. Thus, it is possible that much of the difficulty that has been observed in past studies when speakers 
process sentences with non-canonical word order might be due to the fact that their discourse requirements have not been 
met [5]. One question that arises is if similar effects of information structure on the processing of word order variation 
surface in the second language (L2). The literature thus far has provided divergent results: while some studies have 
reported that bilinguals are sensitive to information structure and can use it to process non-canonical structures in their L2, 
especially at high proficiency levels [3], others have shown that they appear to be insensitive to it or show consistent 
difficulties using it regardless of their proficiency level [6].  
 

Given this, the study described here uses eye-tracking to examine what the effects of information structure are on 
the online comprehension of active (canonical) and passive (non-canonical) constructions in the L2, in a group of 31 L1-
Spanish L2-English learners and a monolingual control group. We examine these constructions because past research 
has shown that the non-canonical word order that characterizes passives has consequences for its processing: passives 
place themes, rather than agents, as the grammatical subject. Participants were presented with contextualized sentences 
in which the thematic role (agent or patient) and information status (given or new) of the first or second noun (critical region) 
were manipulated (Table 1). Maximal linear mixed-effects were created for two word-level measures: gaze duration (early 
measure) and total duration (late measure); these included all the variables mentioned above and their interaction as their 
fixed effects, as well as in their random-effects structures, which included both by item and by subject random intercepts 
and slopes. Model comparisons were conducted using likelihood ratio texts.  

 
Results (Tables 2 and 3) suggested that highly proficient learners are sensitive to information structure in their L2 

and can effectively use it to process word order variation online. L2 learners and monolinguals showed a strong processing 
preference (i.e., shorter reading times) for given compared to new nouns, and agents compared to themes. Importantly, 
the effect of information status was strongest on the first noun for both groups, indicating that they were sensitive to the 
dispreference for new nouns to occur in first position (e.g. their non-canonical position) in comprehension. There was also 
a processing preference for given nouns and agents that can be explained in terms of accessibility. First, the privileged 
role of agents in the encoding of events makes them more accessible, as shown in previous research [2]. Second, because 
given nouns have been previously mentioned in the discourse, faster reading times may reflect a form of priming, making 
these nouns more accessible [7]. The fact that given nouns are more accessible makes them easier to process in in first 
position, thus explaining the dispreference for new nouns to appear first. Overall, being more accessible makes both given 
nouns and agents easier to process and more prone to being placed in first position within the utterance, and, crucially, 
learners are sensitive to the effects of accessibility even in their L2. Finally, results also showed that passives are not 
inherently more costly to process than actives; while passive subjects do display longer reading times than active subjects, 
passive objects exhibit shorter reading times than active objects. What appears to take precedence, then, is the thematic 
role of each individual noun: agents are more easily processed than themes, regardless of whether they occur in an active 
or passive construction. Thus, the results of the present study suggest that bilinguals are able to exploit discourse patterns 
in the comprehension of both canonical and non-canonical structures in their L2. In addition, the current findings highlight 
the crucial role of word-level discursive and thematic information in the processing of word order variation. 
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Table 1. Experimental Stimuli. 

Prior 
Context 

A policeman was patrolling the city streets at 
night. He heard a strange noise and decided to 
investigate it. 

A criminal planned to do something illegal. He was 
hiding in a dark street, hoping that nobody would 
discover him. 

Active 
Target 

Condition 1: Given Agent, New Theme Condition 2: New Agent, Given Theme 

Soon after, the policeman saw a criminal in the 
dark of the night. 

Soon after, a policeman saw the criminal in the dark 
of the night. 

Passive 
Target 

Condition 3: New Theme, Given Agent Condition 4: Given Theme, New Agent 

Soon after, a criminal was seen by the policeman 
in the dark of the night. 

Soon after, the criminal was seen by a policeman in 
the dark of the night. 

 
 

 Table 2. Mean reading times (ms).  
Group Factor Gaze Duration Total duration 

Bilinguals 

Thematic Role 
Agent 242.06 (81.35) 330.42 (192.23) 
Theme 245.37 (78.73) 333.41 (182.06) 

Information Status Given 237.80 (78.95) 317.55 (175.53) 
New 249.27 (80.63) 345.27 (196.33) 

Region Noun 1 234.85 (78.56) 356.11 (209.59) 
Noun 2 250.44 (80.47) 313.85 (165.93) 

Monolinguals 

Thematic Role Agent 208.24 (59.31) 282.38 (155.36) 
 Theme 219.12 (64.413) 304.48 (168.75) 
Information Status Given 208.31 (58.40) 276.12 (154.28) 
 New 218.97 (65.19) 310.34 (168.61) 
Region Noun 1 200.66 (51.51) 302.87 (179.30) 
 Noun 2 224.72 (67.97) 285.74 (146.76) 

 

 
 

Table 3. Significant effects for total duration in bilinguals and monolinguals. 
Group Fixed effects Estimate Standard Error t c

2
 p 

Monolinguals 
Information status 0.11 0.01 6.25 24.51 < .01 
Thematic role 0.07 0.01 4.56 15.11 < .01 
Information*Region -0.11 0.03 -2.94 7.85 < .01 

 

Bilinguals 

Information status 0.08 0.01 5.36 19.43 < .01 
Thematic role 0.03 0.01 1.98 2.68 .05 
Region 0.11 0.02 -4.15 13.80 < .01 
Thematic*Information*Region -.017 0.06 -2.67 7.10 < .01 



Processing correlates of verb semantic complexity 

Tun Scarlett Hao (The University of Hong Kong) 
haotun@hotmail.com 

Predicate decomposition theory and construction grammar make distinctive assumptions of verb 
representations. Predicate decomposition hypothesizes that primitive predicate is encoded in 
verb representations, which suggests that verb with temporarily unaligned subevents would be 
conceptually more complex (Levin & Hovav, 2005) and thus more difficult to process. This is to 
say, for example, accomplishment verb ([[ x ACT] CAUSE [BECOME [y <STATE>]]]) is more 
complex than activity verb ([x ACT<MANNER>]) as indicated by the reaction time data in 
McKoon & Love (2011). By contrast, construction grammar hypothesizes that participant role is 
encoded in verb representations (Goldberg, 1995), which implies that verb with more participant 
roles may be more complex and therefore has a higher processing cost (Ahrens & Swinney, 
1995; Ahrens, 2003). However, it is not clear yet whether this claim in construction grammar 
would be supported by processing data, and if so, which one of these contrasting theories on 
verb semantic complexity would make a better prediction on processing difficulty. 

In order to answer these questions, two experiments were conducted. Experiment 1 
investigated the activation of verb representation by conducting a lexical decision task with 38 
native English speakers. Experimental items are designed in four conditions: two-role/ 
accomplishment verbs (e.g. break), three-role/ accomplishment verbs (e.g. assign), two-role/ 
activity verbs (e.g. hit) and three-role/ activity verbs (e.g. wipe). Other variables such as length, 
frequency and number of argument structure were either matched or evaluated together with 
the verb condition in a linear mixed effect model. The results show that three-role verbs take a 
significantly longer reaction times than two-role verbs (p=0.035, figure 1.1); whereas there is no 
significant difference between activity verbs and accomplishment verbs (p=0.078, figure 1.2), 
suggesting a different observation from McKoon & Love (2011). A replication of McKoon & Love 
(2011) was further conducted and again failed to find a significant difference between activity 
and accomplishment verbs when variables that claimed to be matched in the original 
experiment were taken into the mixed model analysis (p=.513). 

Experiment 2 examines the access and use of verb semantics in online sentence processing by 
conducting a self-paced reading task with 32 native English speakers. Experimental sentences 
are created with the same verbs in Experiment 1. Sentences across difference verb conditions 
are exactly alike up to the critical verb (e.g. The construction worker hit... and The construction 
worker assigned …). Such sentences were presented to participants in Latin square lists so 
that no participant would read a same sentence segment twice. The results show that three-role 
verbs yield a significantly longer reading times than two-role verbs (p=0.041, figure 2.1), 
whereas there is no significant reading time difference between activity verb and 
accomplishment verb (p=0.953, figure 2.2).

The above findings jointly suggest that participant role information is more likely to be stored in 
verb representation and accessed during online sentence processing, as proposed by 
construction grammar.
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Figure 1.1 Reaction times of two-role and three-role verb 

 

 

 

 

 

 

 

 

Figure 1.2 Reaction times of activity and accomplishment 
verb 

  

 

 

 

 

 

 

 

Figure 2.1 Reading times of two-role and three-role verb 

 

 

 

 

 

 

 

 

Figure 2.2 Reading times of activity and accomplishment 
verb
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Using word2vec to predict human language processing 
Cassandra L. Jacobs (University of California, Davis; University of Toronto, Scarborough) & 

Katrin Erk (University of Texas at Austin) 

clxjacobs@ucdavis.edu 

 

The greater the similarity between a word and its surrounding linguistic context, the faster 

readers move on to the next word. Typically, the similarity between words has been quantified 

by Latent Semantic Analysis (LSA; Landauer & Dumais, 1997), a corpus-based measure of 

semantics. More recently, the word2vec algorithm has been shown to better predict semantic 

processing than LSA (e.g. Mandera, Keuleers, & Brysbaert, 2016), but little work has explored 

word2vec for sentence processing and there is little transparency as to model selection or 

design. The present work tests what model and data factors matter most for psycholinguists 

training their own word2vec models. We manipulated model parameters and the data source 

(text genre) to predict reading times (first fixation durations) from the Provo Corpus of Luke and 

Christianson (2016). In addition to the eyetracking data, each word in each sentence has an 

associated cloze probability from a word-by-word cloze task. Following Luke and Christianson 

(2016), we compare the semantic similarity of the modal response (the most common word 

predicted in the cloze task; e.g. cat) to the observed word (e.g. dog) for each model. We train 

our models on the Corpus of Contemporary American English (COCA, years 1990-2015; 

Davies, 2008) to more accurately approximate the linguistic knowledge of the participants in 

Luke and Christianson (2016).  

word2vec. We compare and contrast several factors. First, we varied the two algorithms 

referred to as word2vec. The first, known as continuous bag-of-words (CBOW), predicts a 

missing word from its context. The other, skip-gram, predicts contexts from a single word. We 

train these models using the gensim Python implementation, which requires users to make a 

few important design decisions. We varied the number of surrounding words used to define a 

“context” (5 or 15 words) for training these models. We also tested whether different genres in 

COCA (Fiction, News, Spoken, Magazine, Academic, and a “Random 1 Million” sentences, and 

“all genres”) varied in their ability to predict reading times.  

Analyses. We analyzed (log) first fixation duration (FFD) as a function of the semantic 

similarity between the modal response (i.e. cat) at a given position and the word participants 

actually read at that position (i.e. dog) using linear mixed effects models with participant and 

word random intercepts. Models were compared using Chi-square tests over AIC. The greater 

the semantic similarity between the modal response and the observed word, the shorter FFDs 

are. Furthermore, all word2vec models better predict FFDs than LSA. Corpus genre. The best 

single genre was the Spoken subcorpus, though including all 5 genres improved model fit to the 

data (Table 1). Algorithm (skip-gram and CBOW). Skip-gram generally provided a better fit to 

the data than CBOW (Table 2). Combining both CBOW and skip-gram models better explains 

reading times than either model alone (Table 3). Context window size. Larger context windows 

were better at predicting FFDs than narrower ones (Table 2). Including both the narrow (5 words 

on each side) and wide context (15 words to each side) similarity scores best predicted FFDs 

above all models (Table 3). 

Conclusions. word2vec shows considerable improvements over LSA in predicting 

human language processing performance. We have shown that different models all have slightly 

different predictive power for reading times, and that combined models typically perform best. 

The success of combined models suggests that researchers should combine multiple word2vec 

models for modeling semantic processing tasks unless they have clear reasons for selecting 

only one genre or model parameterization. More work must still be done to understand the locus 

of these semantic priming effects. However, the multifaceted nature of semantic processing 

means that researchers should aspire to capture this variability when using corpus measures for 

the design and analysis of their studies. 
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Table 1. Effect of genre on predicting reading times. The best model weights each genre 

separately (ensembled genres). *** = p < .001. 

 AIC R2 Significance 
LSA 93067 0.0037 - 

Random 1 million 93027 0.0050 *** 

News 93016 0.0053 *** 

Magazine 93016 0.0053 - 

Academic 93014 0.0054 *** 

Fiction 93014 0.0054 - 

Spoken 92994 0.0060 *** 

All genres  92937 0.0077 *** 

 

Table 2. The effect of algorithm on predicting reading times trained on a random sample of 1 

million sentences. The best single model uses skip-gram with a context of 15. *** = p < .001. 

 AIC R2 Significance 
Context = 5    

CBOW 93027 0.0050 *** 

Skip-gram 93037 0.0047  

Context = 10    

CBOW 93029 0.0049  

Skip-gram 93019 0.0052 *** 

Context = 15    

CBOW 93032 0.0048  

Skip-gram 93009 0.0055 *** 

 

Table 3. The effect of combining algorithms and models to predict reading times. Combining 

models and genres improves performance. * = p < .05, ** = p < .01, *** = p < .001. 

 AIC R2 Significance 
Genre    

Best genre (spoken) 92994 0.0060  

All genres 92937 0.0077 *** 

Algorithm    

Skip-gram 93009 0.0055  

Skip-gram + CBOW 93002 0.0059 ** 

Context window size    

15 93009 0.0055  

5 + 15 92968 0.0070 *** 
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What processing and computational modeling can tell us about syntax:
The case of Persian relative clauses

Nazila Shafiei & Aniello De Santo (Stony Brook University)
nazila.shafiei@stonybrook.edu

Overview In an ideal world, sentence processing effects would inform our syntactic choices and,
for instance, help discriminate between competing analyses of complex phenomena. However, this is
made especially complicated by the fact that such analyses often differ in subtle, fine-grained details.
We suggest that this problem can be overcome by exploiting a computationally specified parsing
model as a bridge between processing results and theoretical syntax [6]. We adopt a top-down
parser for Minimalist grammars (MGs, [8]), combined with a set of metrics measuring memory usage
— a model which has been shown to successfully explain processing difficulty across a variety of
phenomena [3, a.o.]. As a case study, we look at attachment ambiguities in Persian relative clauses
(RCs), comparing Kayne’s raising analysis of RCs [5] to Karimi’s base-generation approach [4].
Persian RCs and Processing Asymmetries While resembling the post-nominal structure of
English RCs [1], Persian RCs show processing preferences closer to those of pre-nominal languages
like Korean: in ambiguous cases, speakers show a marked preference for high attachment (HA)
interpretations over low attachment (LA) ones [7]. Crucially, the internal structure of these clauses
has been the topic of extensive debate. In particular, the position and scope properties of the
Differential Object Marker râ have been used by Karimi [4] to argue in favor of a base-generation
approach of the relative clause head, against Kayne’s better known raising analysis [5]. While these
two analyses differ significantly from a theoretical perspective, it is unclear whether those subtle
structural changes make different predictions in terms of processing. To probe this connection, we
need a transparent linking theory, fine-grained enough to rigorously connect subtle structural details
to processing performance.
Structure, Memory, and a Minimalist Grammar Parser Stabler’s [8] MG parser can be associ-
ated to three notions of memory: I) tenure: how long a node is kept in memory; II) payload: how
many nodes must be kept in memory; or III) size: how many bits a node consumes in memory.
These cognitive notions are then precisely quantified in a set of offline metrics — for instance,
maximum, average, and total (sum) tenure — which crucially tie processing difficulty to differences
in grammatical structure [3]. This is the model we exploit to compare the analyses for Persian RCs.
Computational Modeling Results, and Discussion We tested sentences like in (1), comparing
the parser performance on trees corresponding to HA and LA interpretations, built according either to
Kayne’s raising analysis [5] , or Karimi’s base-generation proposal [4]. The parser correctly predicts
a preference for HA over LA only when following a base-generation analysis, while producing
the opposite prediction over trees built according to a raising approach. Two metrics in particular
drive the parser performance towards the correct predictions — maximum tenure and sum size
— consistent with previous MG parser results cross-linguistically [2, 3]. When adopting Karimi’s
account, these metrics pick up on the effects of the length of the movement dependencies and
overall memory commitment caused by the interaction of DP structure and base generation in LA
cases. However, when adopting a Kaynian analysis, these subtle differences are lost due to an
increase in memory usage common to both constructions, caused by the raising of the RC head.
Overall then, these results are in support of Karimi’s argument for a base-generation approach to
the structure of RCs in Persian, and highlight the plausibility of the MG parser as a transparent
way to have sentence processing data inform syntactic theory. The next logical step will be to
investigate different kinds of processing phenomena for RCs in Persian, such as the preferences for
subject over object RCs. The success of this approach also opens the way to a careful comparison
of attachment preferences across languages with pre- and post-nominal RCs, in order to better
understand how fine differences in the syntax of these constructions drive processing cost.
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(1) Ali
Ali

doxtar-e
daughter-EZ

bâzigar-i
actor-REL

ro
DOM

ke
that

ruye
on

bâlkon
balcony

bud
be.PST.3SG

did.
see.PST.3SG

(i) ‘Ali saw [[the daughter of the actor] that was on the balcony].’ HA

(ii) ‘Ali saw [the daughter [of the actor that was on the balcony]].’ LA
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Individual differences guide pronoun interpretation in semantically constraining contexts 
Valerie J. Langlois & Jennifer E. Arnold (University of North Carolina – Chapel Hill) 
valeriel@live.unc.edu 

Previous research has established that syntactic and semantic cues influence the 
interpretation of third-person pronouns (Arnold 1998, 2001; Kehler et al., 2008; Stevenson et al., 
1994). Some verbtypes exhibit a syntactic bias toward the subject. For example, in Ana is 
cleaning up with Liz. She needs the broom, listeners tend to assign “she” to Ana, the subject of 
the previous sentence. However, some verbs also impose a semantic bias. Following events 
with transfer verbs, there is a general subject bias, in addition to a relative preference to assign 
the pronoun to the goal character, as in Liz in Ana threw the ball to Liz. She… or Ana in Ana got 
the ball from Liz. She… (Stevenson et al., 1994). This raises a question: do people learn both of 
these biases in the same way, or are they fundamentally different?  

Here we test this question by considering the role of experience with the kinds of 
references that are most frequent in natural language. Current models explain pronoun 
comprehension in terms of representations about who is likely to be mentioned next (Arnold et 
al., 2001; Kehler et al., 2008, Hartshorne et al., 2015). One idea is that people could learn that 
both subject and goal reference is more expected because both patterns are frequent (Arnold 
1998, 2001). Support for this idea comes from evidence that for sentences like the “cleaning” 
example above, the subject bias is stronger for people with stronger print exposure, which is 
one domain of linguistic experience (Arnold et al., 2018). However, nothing is known about how 
print exposure affects pronoun comprehension following transfer events. Does it lead to a 
stronger subject bias, or a stronger goal bias? We test this question with both an offline 
interpretation experiment (Exp. 1) and a story completion task (Exp. 2). 
 Methods: In Exp1, 65 MTurk participants saw 60 trials, 24 of which included transfer-of-
possession verbs (e.g. threw, got). Each trial presented a two-sentence story with images of the 
two characters and something associated with the event (Fig1). We manipulated verbtype, so 
that for half the trials the goal was the object-of-PP (e.g. Ana threw the ball to Liz and then she 
fell down), and for half it was the subject (Ana got the ball …). The second sentence was always 
plausible for both characters, e.g. either character could have fallen down. After the story, 
participants answered two questions; the critical one measured pronoun comprehension (e.g. 
Who fell down?). In Exp2, the same two-story sentences were presented visually to the 
participant, but were cut off right after the pronoun; 70 MTurk participants were asked to type 
out a plausible continuation. 12% of the data was excluded from analysis due to ambiguous 
interpretation of the continuation. The remaining trials were coded as either a goal continuation 
or a source continuation. In both experiments, print exposure was measured by the Author 
Recognition Task (ART; Stanovich & West, 1989). Participants saw a list of real and fake 
authors, and were asked to indicate which ones they recognized as real. ART scores were 
calculated based on the # of correct minus the # of incorrect. 
 Results: In Exp1, there was a goal bias, in that participants interpreted the pronoun as 
the goal (56%) over the source (44%; Fig2a), as well as an overall subject bias. People with 
higher ART had a higher the rate of selecting the subject regardless of thematic role (p=.025; 
Fig. 2c). In Exp. 2, participants continued talking about the goal (77%) more than the source 
referent (23%; Fig3a). In addition, the rate of mentioning the subject character (regardless of 
thematic role) was higher for participants with higher ART (p= .012; Fig3c). 
 Conclusions: We found that linguistic experience correlates with use of the subject 
bias, but not the goal bias. This suggests that the subject bias may be learned from exposure to 
language, but not the goal bias. Findings broadly support the importance of referential 
frequency for the learning of discourse conventions like the subject bias. This is consistent with 
models that use referential probability to explain pronoun comprehension. However, judgments 
about semantic role predictability may be guided not by frequency, but by on-the-fly judgments 
about which continuation is more semantically likely (Hartshorne et al., 2015). 
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 Ana and Liz were playing basketball. 
a. Ana threw the ball to Liz, and then she 

fell down 
b. Ana got the ball from Liz, and then she 

fell down 
 
Who fell down? 
Ana 
Liz 

Figure 1: Example of a critical trial. Left: Example visual stimulus. Right: Examples of the story 
participants heard and the comprehension question. 
 

        2a     2b    2c 

 
        3a     3b    3c 

 
Figure 2 (Exp. 1 results) and Figure 3 (Exp. 2 results). a. Percentages of goal referents and source 
referents chosen. b. Breakdown of goal referents chosen between subject position and non-subject 
position. Error bars represent standard errors around the mean. c. ART score predicts subject bias 
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Reassessing the evidence for syntactic adaptation from self-paced reading studies 
Grusha Prasad and Tal Linzen (Johns Hopkins University) 
grusha.prasad@jhu.edu 
Introduction: Sentences such as (1a), in which cooked is temporarily ambiguous between a             
main verb and a reduced relative clause (RRC) reading, cause processing difficulty when the              
sentence is disambiguated in favor of the RRC reading; this difficulty is reflected in longer               
reading times (RTs) at the disambiguating region (underlined) compared to controls (1b): 
    (1a) The experienced waitress cooked the grilled chicken sent her food  back. 
    (1b) The experienced waitress who was cooked the grilled chicken sent her food  back. 
Recent self-paced reading (SPR) studies found that the difference in reading times between             
sentences like (1a) and (1b) (i.e. the garden path effect) decreased over the course of the                
experiment (Fine et al., 2013; Fine & Jaeger, 2016, henceforth FJ16). The authors interpreted              
these results as evidence that participants learned to expect that RRCs will occur frequently in               
the experimental context — i.e. they adapted to the statistics of the environment. There is an                
alternative explanation, however: as the experiment progressed, people became more familiar           
with the SPR paradigm and read sentences more rapidly; due to floor effects, there was more                
potential for RTs to decrease in difficult sentences, which are initially read slowly. In other               
words, familiarity with the paradigm may have impacted difficult sentences more than it did easy               
ones (see Figure 1).  We ran two experiments to distinguish these two accounts.  
Experiment 1: The goal of this experiment was to replicate the decrease in the magnitude of                
the garden path effect from FJ16. We presented 80 participants recruited online (71 included in               
the analyses) with the same materials as in FJ16: 20 RRCs (like 1a), 20 unreduced RCs (like                 
1b) and 80 fillers. A linear mixed effects analysis showed that this experiment replicated FJ16’s               
results in both direction and magnitude (see Figure 2). If this decrease in the garden path effect                 
was a result of syntactic adaptation rather than increased familiarity with SPR, we expect              
participants exposed to RRCs to exhibit a smaller garden path effect than participants who were               
not exposed to RRCs. The goal of Experiment 2 was to test this hypothesis.  
Experiment 2: We assigned 203 participants recruited online (166 included in the analyses) to              
one of two groups. In the training phase, the RRC-exposure group was presented with 24 RRCs                
and 24 fillers, and the Filler-exposure group was presented with 48 fillers. In a subsequent test                
phase, both groups were presented with 16 new RRCs and fillers (the distinction between the               
phases was not indicated to the participants). The difference between the RTs in the              
disambiguating region in the RRC sentences and RTs on the corresponding words in the fillers               
decreased over the course of the experiment to a similar extent in both groups (no significant                
interaction between group and sentence type; see Figure 3): we did not find evidence that the                
decrease in RTs for RRCs was caused by syntactic adaptation .  
Explaining the decrease in garden path effect: We ran exploratory analyses to test our              
alternative explanation that the speed up for a sentence due to familiarity with the paradigm is                
proportional to the difficulty of the sentence. We divided the stimuli into quartiles based on the                
RTs at the beginning of the experiment for half the participants in the RRC exposure group and                 
calculated the RTs for these quartiles over the course of the experiment for the other half of the                  
participants. We repeated this process for 1000 random splits of participants. Consistent with             
our alternative explanation, we found that for both RRCs and fillers, sentences which were read               
most slowly at the beginning of the experiment showed the highest rate of decrease in RT over                 
the course of the experiment. Overall, we conclude that the decrease in garden path effect in                
FJ16 may be driven entirely by increased familiarity with the SPR paradigm over the course of                
the experiment; as such, it does not provide unambiguous evidence for syntactic adaptation.  
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Fig1: Applying an exponential speedup     
function that is proportional to sentence      
difficulty on simulated data (c.f. Heathcote      
et al, 2000): 
RT = m*e T / 20  + 100 
 

Where T is the trial number and m+100 is         
the RT for the sentence at T = 0 
 

The dashed line represents the floor 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2: Results of experiment 1 (left) and Fine & Jaeger (2016) results (right) 
 
 
 
 
 
 
 
 
 
 
 

Fig 3: Results of experiment 2 plotting the difference        Fig 4: RTs for half of the RRC-exposed group 
between groups for RRC and filler sentences.                   grouped by the RTs in block 1 for the other  
Dotted line marks the beginning of test phase.                  half. RTs averaged across 1000 random splits. 
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Aspect is distinct from time reference: An ERP study of the perfective marker -le in 
Mandarin Chinese 

Aymeric Collart and Shiaohui Chan (National Taiwan Normal University) 
aymeric.collart@gmail.com 

In past years, the question of processing temporal information (i.e. time reference and aspect) 
has been raised, and several ERP studies with paradigms involving violation of time reference 
and/or aspect with tense-prominent languages have been conducted, with the findings suggesting 
different underlying processes for time reference and aspect [1-3, inter alia]. On the other hand, 
the underlying processing for time reference and aspect is less clear for aspect-prominent 
languages. For example, in Mandarin, where tense is not grammaticalized and past time 
reference can be expressed through perfective aspect, research has shown that violation of 
grammatical aspect (perfective aspect) elicited a P600 (need for syntactic repair) [4], but the 
processing of grammatical aspect and time reference has never been directly compared. 

This paper thus aims to investigate the processing of both time reference and aspect in 
Mandarin Chinese. The main question is to determine if the Mandarin perfective verbal morpheme 
-le, which is related (but not restricted) to past time reference, is processed differently in a 
temporal incongruent context (see element marked with # in (1), Table 1) and an aspectual 
incongruent context (see element marked with # in (2), Table 1). Our hypothesis was simple: if 
time reference is processed based on the aspectual features of -le, then time and aspect would 
share a similar underlying process (i.e. time would be aspectually driven exclusively). In contrast, 
if the processing of time reference is independent from the processing of aspect in Mandarin, then 
different underlying processes should be observed.  

Twenty-three native Mandarin speakers (9 male, mean age 23) were recruited. The ERP 
data revealed that while -le placed in an incongruent future time reference context (i.e. following 
mingtian in (1)) evoked a larger negativity at the left anterior site around 300-500ms compared to 
its congruent counterpart (i.e. following zuotian in (1); t(22) = 3.562, p < .01), -le placed in an 
aspectual incongruent context (i.e. following zai in (2)) elicited a larger P600 when compared to 
its congruent counterpart (i.e. following yijing in (2); t(22) = - 14.911, p < .001) (see Figure 1).  

Our results revealed different patterns for processing time reference (left anterior negativity) 
and aspect (P600) in Mandarin. Time reference is defined as the location of a situation temporally, 
while aspect is concerned with the internal temporal structure of the situation. Then, for the time 
incongruency, the larger negativity may be seen as a failure in locating the situation in time 
logically [3], while the larger P600 for the aspectual incongruency may be seen as a grammatical 
mismatch between contradictory accesses to the internal structure of the situation [1&3]. In sum, 
our findings show that in Mandarin, an aspect-prominent and tenseless language, the underlying 
processes for time reference and aspect are different, despite the use of the same morpheme.  
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Table 1. Sample items from the ERP experiment (total number of items: 140; 35 items per 
condition). The experimental materials have been controlled for their syntactic constraints (both 
incongruent sentences can become congruent when followed by an appropriate clause), their 
naturalness, the aspectual category of the verb (activity verb), and the agency of the subject. 
Condition Example 

(1) Time condition Mama  zuotian / #mingtian  xi-le   yifu. 
mother  yesterday / #tomorrow wash-PFV  clothes 
‘Yesterday/#Tomorrow, mom washed the clothes.’ 

(2) Aspect condition Mama  yijing / #zai   xi-le   yifu. 
mother  already / #PROG  wash-PFV  clothes 
‘Mom already/#PROG washed the clothes.’ 

 
Figure 1. ERP waves of the conditions at -le (black = congruent, red = incongruent), and 
topographic maps of the difference wave (incongruent minus congruent; mean amplitude from   
-2.5 μv (blue) to +2.5 μv (red)) for different types of incongruency. 

 



Uniqueness vs. familiarity in interpreting definite descriptions

Sadhwi Srinivas & Kyle Rawlins (Johns Hopkins University)
sadhwi@jhu.edu

[Introduction.] Uniqueness theories of definite descriptions claim that a description is felicitous
IFF a unique referent satisfies its literal meaning (Russell, 1905; Evans, 1977; Lobner, 1985).
Orthogonally, familiarity theories claim that reference succeeds IFF the referent has been made
salient in the preceding discourse context (Kamp, 1981; Heim, 1982). Here, we experimentally
investigate the process by which hearers interpret descriptions in English to moderate between
these 2 theories of definite descriptions. We then implement a Rational Speech Acts model (RSA;
Frank & Goodman, 2012), and discuss in what ways hearers adhere to and diverge from rationality.
[Experiment.] 40 M-Turk participants read descriptions of 10 stories imagining themselves as one
of the characters (the hearer ). After each story, they interpreted a definite description uttered by
the character they were interacting with (the speaker ). We used a 2 (speaker uniqueness) x 2
(hearer uniqueness) x 3 (linguistic salience) within-subjects design, where speaker uniqueness
(hearer uniqueness) was true if the speaker (hearer) knew there to be a unique referent satisfying
the description. Linguistic salience was our proxy for familiarity which held of an object if it had
been mentioned prior to the description to be interpreted. In every story, two objects featured
prominently. Their status varied independently on speaker and hearer uniqueness. As for salience,
it could hold of neither or of 1 of the 2 objects. Fig (1) shows a trial in which speaker uniqueness
was true (the auditor knew only the labeled jar to be the jar of camphor ) but hearer uniqueness
wasn’t (to the lab worker, both the labeled and the salient unlabeled jar were jars of camphor). At
the end, hearers chose the intended referent (the labeled jar, the unlabeled jar, or “Don’t know” ).
[Results.] The main findings from our experiment are as below:

1. Reference succeeded as long as speaker uniqueness held, regardless of hearer uniqueness.
2. There were ranked effects of uniqueness & familiarity. Uniqueness helped hearers pick a

referent regardless of familiarity (right panel in fig 2). But in the absence of uniqueness,
familiarity helped only about 60% the time (left panel in fig 2).

3. When the non-speaker-unique object (distractor ) was salient (the unlabeled jar), hearers
tended to choose it more often (⇠20%) than they did a non-salient distractor (⇠8%).

[Computational Model.] The RSA explicitly models how an agent accounts for their interlocutor’s
knowledge via iterative Bayesian reasoning within a communicative task. Our implementation of
the RSA model builds in 2 main ways on the traditional implementations discussed in the literature:

1. Typically, the RSA is used in situations where the literal semantics are shared by both
speaker and hearer. But this assumption wasn’t appropriate in our scenarios which were ex-
plicitly designed to provide hearers with privileged knowledge. To handle the mismatch, we
assumed that hearers began with a speaker-centered semantics (per experimental results);
however, noise (a trained parameter) could be introduced by the hearer’s own knowledge.

2. Traditionally in RSA, there isn’t a way to avoid choosing any option at all; but this was allowed
in our experiment. We used the idea that hearers choose “Don’t know” proportionally to the
entropy of the rational listener’s belief distribution. The entropy was translated to a probability
value by a logistic function and chances of picking each referent were then recomputed.

Salience was operationalized by incorporating it into the prior probability. Our model correctly pre-
dicts that salience doesn’t add much on top of speaker-uniqueness when the latter holds (green in
table 1). However, it underestimates hearers’ susceptibility to salient distractors (in red), and over-
estimates how much salience helps in the absence of speaker-uniqueness (in orange). Overall,
the contribution of our study is two-fold. First, we evaluated the relative strengths of uniqueness
and familiarity cues towards definite description interpretation. We found ranked effects of both,
with uniqueness being stronger. Then, we implemented an RSA model to find that participants
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behaved “rationally” in many ways, but were also less capable of using salience as a cue as well
as more susceptible to salient distractors than what fully rational reasoning would predict.

Figure 1: Example of an experimental trial

Figure 2: Uniqueness vs familiarity

Situation RSA model Actual data
p(A) p(B) p(failure) p(A) p(B) p(failure)

A satisfies the literal content of the
description; B does not; neither A
nor B is salient

0.83 0 0.17 0.8625 0.0875 0.05

A satisfies the literal content of the
description; B does not; A is salient 0.83 0 0.17 0.8625 0.0375 0.1

A and B both satisfy the literal con-
tent of the description; neither A nor
B is salient

0.175 0.175 0.65 0.1 0.125 0.775

A and B both satisfy the literal con-
tent of the description; A is salient 0.71 0.03 0.26 0.55 0.0875 0.3625

A satisfies the literal content of the
description; B does not; B is salient 0.63 0.05 0.32 0.6 0.23 0.175

Table 1: Comparing model predictions to actual experimental data
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Convergent probabilistic cues do not trigger syntactic adaptation 
Jack Dempsey, Kiel Christianson, and Qiawen Liu (University of Illinois at Urbana-Champaign) 
Jkdemps2@illinois.edu 
 
 Fine, Jaeger, Farmer, & Qian (2013) published a widely-cited paper reporting the results 
of two self-paced reading experiments which ostensibly showed that readers rapidly adjust their 
syntactic expectations about upcoming text if they are exposed to statistically unbalanced input. 
Using reduced-relative clause (RC) vs. main verb (MV) garden-path sentences (The soldiers 
warned about the raid lost the battle), their data showed participants exposed to a high 
frequency of RC items progressively exhibited faster syntactic repair times, and, critically, that 
subsequent a priori more frequent MV items caused slowdowns in reading. However, recent 
attempts to replicate this work have fallen short of finding facilitation of syntactic repair times 
over the course of an experiment (c.f. Harrington-Stack, James, & Watson, 2018). Assuming 
frequency manipulations of garden-path disambiguations do not yield an adaptation effect in the 
course of an experimental session (Harrington-Stack et al., 2018), the possibility remains that 
other co-occurrence cues may lead to rapid adaptation of difficult syntactic structures. Repeated 
exposure to cues that form salient co-occurrences with a certain syntactic construction (e.g. 
intrasentential semantic category cues co-occurring with garden path structures) should lead to 
higher expectations of said construction after encountering the co-occurring cue. Therefore, 
from a Bayesian theoretical approach to statistical learning in language, it remains possible that 
the parser uses all available linguistic, and possibly extralinguistic, information available in the 
input to rapidly update context-dependent binary syntactic frequency distributions (i.e. RC/MV 
garden path disambiguations). 

 To test this, we ran three self-paced reading quasi-replication experiments using slightly 
adapted stimuli from Fine et al.’s second experiment. In Experiment 1, participants either viewed 
exclusively RC sentences or filler sentences in the first block (‘early’ and ‘late’ groups 
respectively). In Block 2, both groups read an equal number of filler and RC sentences, and in 
Block 3, both groups read MV continuations of sentences using the same verbs as the RC 
sentences from earlier blocks. After all items, comprehension questions explicitly probed the 
agenthood of either the reduced verb (for RC sentences) or the main verb (for MV and filler 
sentences) to test for offline adaptation effects (Did the soldiers do the warning?). The data did 
not replicate Fine et al. (2013) in that the early group exhibited neither faster syntactic repair 
times in the second block (Fig.1) nor difficulty with MV sentences in the third block (Fig.2). 
Experiment 2 investigated whether semantic co-occurrence cues in the form of categorically 
salient adjectives in the subject NP could cue readers to adapt to RC disambiguations. We kept 
the blocked design from Experiment 1 but gave the early exposure group an equal number of 
RC and MV items in Block 1 while the late group read fillers. Both groups received equal 
numbers RC and MV items in Block 2 and in Block 3 and answered comprehension questions 
explicitly probing agenthood. Crucially, all RC items in Blocks 1 & 2 had a nationality adjective in 
the subject NP while MV items had a different adjective, and all MV items in Block 3 had a 
nationality adjective while RC items had a different adjective. No adaptation effects were found. 
Experiment 3 mirrored experiment 2’s design but employed a different cue (red font) associated 
first with RC continuations in the first two blocks and then with MV continuations in Block 3, but 
also yielded no adaptation effects. No offline adaptation effects were found in any experiment. 
Using Bayes factor and posterior predictive checking, follow up analyses confirmed all null 
effects. These findings suggest an inability to rapidly overcome highly expected disambiguations 
of garden-path sentences given increased frequencies for the disfavored continuation, even with 
additional linguistic or extralinguistic cues. The possibility remains that less polarized ambiguity 
pairs may be more flexible to rapid expectation adaptation; our results show an inability to 
overcome strong a priori expectations, not a general inability to adapt to probabilistic input. 
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Experiment 1 (Frequency) – No interaction of block/structure in first two blocks (relative clause 
facilitation FIG.1) or interaction of group/structure after cue reversal (main verb penalty FIG.2). 

 
Experiment 2 (NP Adj.) – No interaction of block/structure in first two blocks (relative clause 
facilitation FIG.3) or interaction of group/structure after cue reversal (main verb penalty FIG.4). 

 
Experiment 3 (Color) – No interaction of block/structure in first two blocks (relative clause 
facilitation FIG.5) or interaction of group/structure after cue reversal (main verb penalty FIG.6). 

 



Non-binary gendered reference in LGBTQ+ English:  
Implications of singular ‘they’ for sentence processing 

Alecia Nichols, Elaine Chun, & Amit Almor (University of South Carolina) 
alecian@email.sc.edu 

 

How do we talk about someone without knowing their gender? Although most English 
speakers think of the word ‘they’ primarily as a plural pronoun, third person singular (3SG) 
‘they’/‘them’/‘their’ (‘they’) has been documented in English as early as the Middle Ages. Most 
often 3SG ‘they’ is used to refer to an individual whose gender has not yet been revealed, or in 
discourse contexts where gender information is not salient, such as in (1) below. 

 

(1) Speaker A: “Someone left a message for you.” 
Speaker B: “Oh, what did they say?” 
 

More recently, 3SG ‘they’ has been adopted as a reference form within the lesbian, gay, 
bisexual, transgender, queer, intersex, asexual, plus (LGBTQ+) community for English speakers 
who identify as outside the traditional gender binary of ‘man’ and ‘woman’ [1]. Using 3SG ‘they’ 
may cause gender or number agreement errors [6], as ‘they’ is most frequently a plural pronoun 
and does not explicitly encode gender. Yet experimental work also shows processing delays 
with binary pronouns like ‘he’ and ‘she’ when talking about two different men or women [3]. 
Crucially, addressing a person by a pronoun or name that they do not identify with can cause 
psychological harm to gender non-conforming people [7]. However, this is complicated by the 
fact that speakers use predictable patterns when referring to others, whether by a name or a 
pronoun [2], and disrupting this pattern causes processing delays for listeners and readers. 
Because of this, avoiding using a pronoun may be even more difficult than using an ambiguous 
one [4,5]. However, to date little research has been dedicated to documenting the prevalence of 
non-binary pronouns or examining how pronouns like 3SG ‘they’ influence sentence processing.  
 This study addresses this gap by quantitatively assessing the grammaticality of 3SG 
‘they’ for explicitly LGBTQ+ referents and control referents as a function of participant identity, 
as well as qualitatively analyzing interview data in which participants spoke about gender non-
conforming referents. For the grammaticality judgment task, 53 self-identified cisgender, 
heterosexual (cishet) participants and 50 self-identified LGBTQ+ participants rated 8 written 
experimental sentences per condition (Table 1) on a seven-point Likert scale online in Qualtrics. 
For interviews, eight participants were audio recorded responding to sociolinguistic discussion 
prompts on non-binary referents for approximately one hour each and coded by the first author. 

Cumulative link model regression results indicate that LGBTQ+ participants rated 3SG 
‘they’ as significantly more grammatical than cishet participants in all sentence contexts, X2 (4, N 
= 103) = 14.74, p < .01. Interestingly, LGBTQ+ participants do not respond in a manner that 
corresponds with typical English gender biases when given a gender-biased name, finding 
mismatched binary pronouns nearly as acceptable as 3SG ‘they’ in the no context condition 
(Figure 1). We suggest that this result arises from LGBTQ+ in-group behavioral norms, in which 
gender-biased language forms are routinely deconstructed and reframed. 

Furthermore, interview transcripts of eight additional LGBTQ+ and cishet participants 
reveal consistent patterns of stance-mitigation discourse strategies such metalinguistic 
explanation and hedging by cishet speakers, but not LGBTQ+ speakers (2) when using both 
3SG ‘they’ and binary pronouns to reference gender non-conforming individuals, suggesting that 
socially-constrained production difficulties are based on the referent’s gender identity rather 
than the pronominal form itself. 

 

(2) Cishet speaker:    “At the time, he— so I’m going to say he for this story, I think…” 
LGBTQ+ speaker:  “We always thought he was a lesbian…” 

 

Together, these study results suggest that English pronominal gender biases in both production 
and perception are not universal, but instead may be linked to LGBTQ+ identity.  
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Table 1. Sample experimental sentence in all conditions 
Condition Sample sentence 
(1) LGBTQ+ context they (Melissa + they) Today my nonbinary friend Melissa 

mentioned that they got a really short haircut. 
(2) No context they (Melissa + they) Today my old friend Melissa mentioned that 

they got a really short haircut. 
(3) Plural they (Ron and Melissa + they) Recently Ron and Melissa said that they got 

a really short haircut. 
(4) Matching binary he/she (Melissa + she) Today my old friend Melissa mentioned that 

she got a really short haircut. 
(5) Mismatched binary he/she (Melissa + he) Today my old friend Melissa mentioned that 

he got a really short haircut. 
 
 

Figure 1. Grammaticality ratings by participant identity and condition (6=most grammatical) 
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Cloze completions reveal misinterpretation of noncanonical sentences 
Jon Burnsky & Adrian Staub (University of Massachusetts, Amherst) 

jburnsky@umass.edu 

Ferreira (2003) demonstrated that in non SVO sentences like passives, comprehenders 

occasionally assign thematic roles based on plausibility, and not syntax. For example, the 

question ‘Who was the do-er?’ after the sentence ‘The dog was bitten by the man” elicits incorrect 

(dog) responses. Bader and Meng (2018) have suggested that this tendency is due to the difficulty 

of retrieval when a question queries a sentence held in memory, rather than to interpretive errors 

that arise in the course of comprehension. We report two cloze experiments investigating incorrect 

assignment of thematic roles in non-canonically ordered clauses. The experiments demonstrate 

a strong tendency in OSV clauses to produce verbs that are expected if the reader has reversed 

the roles of the two arguments, but are unexpected (Experiment 1) or anomalous (Experiment 2) 

under the correct role assignment. Thus, misinterpretation of these sentences is evident even 

when the sentence need not be retrieved from memory for the purpose of a secondary task. 

 In Experiment 1, 120 MTurk workers provided cloze completions to 66 sentences such as 

those in Table 1; some items were adapted from Chow et al. 2016. The sentence fragment was 

displayed in full, and remained on the screen as the subject typed a response. The sentences 

were designed so that the most frequent response in the “baseline” condition (deemed the target 
verb; e.g. eaten in Table 1) would not be a plausible continuation in the other conditions. Cloze 

probabilities for this word, by condition, are shown in Figure 1. Mixed effects logistic regression 

revealed that the cloze probability for this word was lower in the reversed and substitution 

conditions than the baseline condition. However, Figure 2 illustrates the positive relationship, 

across items, between the cloze probability of this word in the baseline and reversed conditions. 

Linear regression revealed the baseline cloze value to be a significant predictor of the reversed 

cloze (β = .29, p < .001, multiple R
2
 = .35); it was uncorrelated with the substitution cloze (β = .07, 

p = .25, multiple R
2
 = .023).  

 Production of, e.g., eaten in response to the reversed conditions of Table 1 does not 

unequivocally demonstrate mis-assignment of thematic roles; it is possible for a fish to eat a shark. 

To address this, in Experiment 2 80 MTurk workers provided responses to 55 sentences such as 

those in Table 2. In these sentences one argument was inanimate, so the target verb (sharpened) 

constituted a selectional restriction violation in the reversed sentences (i.e., a pencil can’t sharpen 

a student). Target cloze values in each condition are shown in Figure 3. Target verb cloze in the 

reversed and baseline conditions were much higher than in Experiment 1, despite the target verb 

now being anomalous in the reversed. Figure 4 shows the relationship between cloze of the target 

in the reversed and baseline conditions, by item. Linear regression revealed that the baseline 

cloze was a highly significant predictor of the reversed cloze (β = .44, p < .001, multiple R
2
 = .59). 

 These results reveal that participants in the cloze task frequently misinterpret the thematic 

roles of the arguments in these sentence fragments; the slope of the regression line in Figure 4 

suggests that this may happen more than 40% of the time. Additional analyses established that 

this tendency is demonstrated by almost all participants. On the assumption that cloze responses 

implicitly measure incremental interpretation, the results confirm that non-veridical sentence 

representations are active during, not just after, the comprehension of non SVO sentences. These 

results inform our understanding of the phenomenon observed by Chow et al. (2016), where N400 

amplitude did not differ for target verbs (eaten) in sentences such as the baseline and reversed 

conditions of Experiment 1. Chow et al. proposed that initial verb predictions in these structures 

are made without reference to the preceding arguments’ specific thematic roles. Our findings 

suggest that insensitivity to thematic role information is sufficiently robust that even in the cloze 

task, the thematic roles of pre-verbal arguments in an OSV structure do not strongly constrain 

responding.  We propose that a noisy channel model of comprehension (e.g., Ryskin et al., 2018) 

may be relevant to the explanation of these findings, as comprehenders may engage in Bayesian 

inference regarding the intended message. 
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Table 1:  Example Item from Experiment 1 

Baseline:  The surfer saw which fish the shark had … ____ 

Reversed:    The surfer saw which shark the fish had … ____ 

Substitution: The surfer saw which fish the sailor had … ____ 

 

Table 2:  Example Item from Experiment 2 

Baseline: The teacher saw which pencil the student had … ____ 

Reversed: The teacher saw which student the pencil had … ____ 
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The syntactic count/mass distinction in generalized classifier languages: 
evidence from classifier processing in Korean 

Sea Hee Choi, Si On Yoon, Andrew Armstrong, Kara D. Federmeier & James Yoon  
(University of Illinois) 
Schoi76@illinois.edu 

Research on the count/mass distinction has investigated the question of whether 
generalized classifier languages (i.e., Korean, Chinese) make the count/mass distinction in their 
grammars1,2,3,4 and if it is reflected in the use of the classifier system5,6. Currently, there are two 
conflicting accounts of the count/mass distinction in these languages. Some2,3,7 argue that there 
is no syntactic count/mass distinction in these languages and that all nouns are mass nouns. In 
contrast, recent work8 claims that there is a count/mass distinction in generalized classifier 
languages, reflected in the system of classifiers. So far only a few studies have investigated this 
debate, but the findings are mixed9,10 and limited to a single language (Japanese). Using event-
related potentials (ERPs), Muller et al. (2015) found effects associated with syntactic processing 
(P600) for count/mass violations. Kanero et al. (2015), instead, found N400 effects, which are 
linked to semantic rather than syntactic processing; these were modulated by noun type: such 
that the effect was bigger for mass nouns with mismatched classifiers than for count nouns with 
mismatched classifiers. In the current study, we seek to make headway on this debate by 
focusing on Korean, another generalized classifier language that has not yet been investigated. 

Method: Native speakers of Korean (N=30) recruited at the University of Illinois were 
asked to read and judge the grammaticality of 384 sentences, including 128 critical trials, all of 
which were presented using rapid serial visual presentation (RSVP). Critical trials contained the 
construction numeral + classifier + noun shown in (1) where the classifiers and nouns were 
varied in terms of count/mass. For example, cang is a count classifier used for entities such as 
sheets of paper and pieces of clothing, whereas can is a mass classifier referring to containers 
(cups) holding liquids. We recorded the continuous EEG and extracted ERPs time-locked to the 
onset of the critical noun. We compared ERPs in two conditions manipulated in a within-
subjects design: i) count/mass classifiers matched with nouns as in (1), and ii) count/mass 
classifiers mismatched with nouns as in (2). Noun type (mass vs. count) was manipulated in a 
between-subjects design. If native speakers of Korean treat the count/mass distinction as a 
syntactic dimension, we expect to see a P600 in the classifier-mismatched condition compared 
to the classifier-matched condition. If, instead, an N400 effect is obtained (similar to Kanero et 
al., 2015), this would suggest that comprehenders treat the mismatch as semantically 
unexpected and thus not as a syntactic violation. 
 Results: We found an increased N400 in the classifier-mismatched condition compared 
to the classifier-matched condition (t=-4.72, p<.05; Fig 1). The N400 was not modulated by noun 
type; neither the effect of noun type (mass vs. count; t=0.07, p>.05) nor the interaction between 
grammaticality (matched vs. mismatched) and noun type (t=-0.72, p>.05) was significant. 
Further, no significant P600 was observed (t=-1.53, p>.05). Our finding is consistent with the 
results of Kanero et al. (2015) and suggests that classifiers are processed primarily 
semantically, eliciting the N400 effect related to semantic processing, rather than as a syntactic 
(P600-eliciting) violation.  

Conclusion: Our data support claims that the count/mass distinction is not a syntactic 
property of the classifier system in Korean. Because the findings of this study are consistent 
with those of Kanero et al. (2015) in Japanese, we suggest more generally that generalized 
classifier languages do not encode the count/mass distinction in the grammars via the classifier 
system. Additionally, it is notable that no syntactic effects (P600) were elicited even though the 
participants were asked to judge the grammaticality of the given sentence after each item, which 
is known to have tendency to promote the elicitation of syntactic effects (P600). Taking it into 
account, it can be said that our results provide stronger evidence that Korean native speakers 
process classifiers at the semantic level, rather than at the syntactic level.  
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Example Stimuli. 
(1) Count, matched condition 

Swuyeni-nun     onul     han   cang-uy            thisyechu-lul    phal-ass-ta. 
Suyeon-Top  today   one   count.cl-Gen   T-shirt-Acc      sell-Pst-Decl. 
‘Suyeon sold a T-shirt today.’ 
Mass, matched condition 
Changwu-nun      ecey           han     can-uy              kholla-lul  ssot-ass-ta. 
Changwoo-Top   yesterday    one     mass.cl-Gen   soda-Acc   spill-Pst-Decl. 
‘Changwoo spilled a cup of soda yesterday.’ 

(2) Count, mismatched condition 
Swuyeni-nun     onul    han    can-uy               thisyechu-lul    phal-ass-ta. 
Suyeon-Top  today  one    mass.cl-Gen     T-shirt-Acc      sell-Pst-Decl. 
‘Suyeon sold a T-shirt today.’ 
Mass, mismatched condition 
Changwu-nun    ecey            han   cang-uy           kholla-lul      ssot-ass-ta. 
Changwoo-Top  yesterday    one   count.cl-Gen  soda-Acc     spill-Pst-Decl. 
‘Changwoo spilled a cup of soda yesterday.’ 

 

 
Figure 1. ERP results including both count and mass nouns (LF = Left Frontal electrodes, RF = 
Right Frontal electrodes,  LP = Left Parietal electrodes, RP = Right Parietal electrodes, CP = 
Central Parietal electrodes).  
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Minimizing prediction errors: Comprehenders rapidly adapt to morphosyntactic violations 
but not to semantic violations 
Yano, M. (Kyushu University) Suwazono, S. (Okinawa Hospital) Arao, H. (Taisho University) 
Yasunaga, D. (Kanazawa University) & Oishi, H. (Ritsumeikan University)  
masayano@kyudai.jp 
Introduction: Recent studies of sentence comprehension have demonstrated behavioural and 
physiological evidence for predictive processing at various linguistic levels. Furthermore, several 
studies reported that comprehenders rapidly adjust their expectation to probabilistic statistics in 
the experiment. For example, Fine et al. (2013) found that a garden-path (GP) effect was 
lessened as their participants were repeatedly presented with GP sentences during a self-paced 
reading experiment. Nevertheless, it remains controversial whether the adaptation depends on 
types of prediction errors. More concretely, it is unclear whether people adjust their expectation 
only to a priori less frequent disambiguation patterns of grammatical sentences or even to 
ungrammatical sentences when they are repeatedly exposed to them. 
Experiment: To address this issue, the present study conducted two event-related potential 
(ERP) experiments that examined whether people adapt to morphosyntactically anomalous 
sentences (Experiment 1) and semantically anomalous sentences (Experiment 2). We 
manipulated the probability of morphosyntactically/semantically grammatical and ungrammatical 
sentence occurrences through experiments. For the low probability block, morphosyntactically or 
semantically anomalous sentences were presented less frequently than neutral sentences (the 
ratio of 1 to 4), while they were presented as frequently as neutral sentences in the equal 
probability block. The ratio of the syntactically/semantically neutral and unnatural sentences was 
manipulated by intermixing filler sentences to balance the number of trials of the target 
sentences. The sentences given in (1) and (2) show a sample set of target sentences used in 
Experiments 1 and 2. The sentence in (1a) is grammatical (i.e., control condition), whereas the 
sentence in (1b) involves a morphosyntactic violation because intransitive verbs must mark a 
single argument with a nominative case (“-ga”), not with an accusative case (“-o”) in Japanese. 
The sentence (2a) is semantically neutral, whereas the sentence in (2b) is semantically 
anomalous because the verb “naita” (cried) takes an inanimate noun as its subject (i.e., animacy 
violation). At the end of each trial, participants were asked to judge whether a sentence is 
acceptable. Forty native Japanese speakers were recruited and randomly assigned to either 
Experiment 1 or Experiment 2 (20 participants for each experiment). If the participants adapt to 
ungrammatical sentences, ERP differences between ungrammatical and grammatical sentences 
should decrease during the equal probability block, in which they were repeatedly exposed to 
ungrammatical sentences. 
Results & Discussion: Experiment 1 showed a smaller P600 effect for the ungrammatical 
sentences in the equal probability block than the low probability block, in consistent with Coulson 
et al. (1998) and Hahne and Friederici (1999) (Figure 1, left). The linear mixed-effects models 
that included trial order as a fixed factor revealed that this smaller P600 effect resulted from an 
amplitude’s decrease in the ungrammatical sentences and an increase in the grammatical 
sentences as the experiment went along (Figure 2, right). The former result is interpreted as 
evidence for rapid adaptation to morphosyntactic violation. As evidenced by the P600 increase in 
the grammatical sentences, such an adaptation, in turn, leads to a processing difficulty in the 
grammatical sentences. In the low probability block, on the other hand, the P600 increased 
during the experiment (Figure 2, left). Since the pre-verbal phrase provided useful information as 
to a syntactic structure of the sentence in this block, the participants incorporated this information 
into the predictive computation. Consequently, the processing was facilitated at the verb, 
attenuating the P600 amplitude of the grammatical sentences. However, such predictive 
processing led to a severe prediction error in the ungrammatical sentences, eliciting a robust 
P600. In Experiment 2, the semantically anomalous sentences elicited a larger N400 effect than 
the semantically neutral counterparts, regardless of the probability manipulation (Figure 1, right). 
Importantly, the trial order analyses did not reveal any evidence of adaptation to semantic 
anomalies. These results suggest that people take into consideration not only the probability of 
violations but also types of prediction errors (i.e., how likely a type of error might occur) in 
determining whether to adapt to deviant linguistic input (cf. Hanulíková et al., 2012).  
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(1) Experiment 1: morphosyntactic violation 

 (a)  bara-ga  kare-ta.     (b) * bara-o  kare-ta. 

  rose-NOM  wither-PAST   rose-ACC  wither-PAST 

  “The rose  withered.”    Lit. “* withered the rose.” 

(2) Experiment 2: semantic violation 

 (a)  shinseizi-ga  nai-ta.        (b)  shikibo-ga  nai-ta. 

  Baby-NOM cry-PAST       baton-NOM cry-PAST 

  “The newborn baby cried.”    Lit. “??The baton cried.” 

Figure 1. Grand average ERPs of the verb in Experiments 1 (left) and 2 (right).  
The x-axis represents the time duration and each hash mark represents 100 ms. The Y-axis 
represents the voltage. Negativity is plotted upward.  
 

 
Figure 2. The P600 change during Experiment 1 (morphosyntactic violation). 
The x-axis represents item order (z-scored) and the y-axis represents the amplitude of the P600 
in the time-window of 700–900 ms. Negativity is plotted upward 
 
Reference: 
Fine et al. (2013) PLoS ONE, 8. doi:10.1371/journal.pone.0077661. Coulson et al. (1998) Lang 
Cognitive Proc, 13, 21–58. Hahne & Friederici (1999) J Cognitive Neurosci, 11, 194–205. 
Hanulíková et al. (2012) J Cognitive Neurosci, 24, 878–87. 
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EEG alpha power desynchronization during sentence planning is linked to partial overlap 
in syntactic configurations 

Sebastian Sauppe (U Zurich), Kamal K. Choudhary (IIT Ropar), Nathalie Giroud (Concordia U),             
Damián E. Blasi (U Zurich), Shikha Bhattamishra (IIT Ropar), Mahima Gulati (IIT Ropar), Aitor              
M. Egurtzegi (U Zurich), Ina Bornkessel-Schlesewsky (U South Australia), Martin Meyer (U            
Zurich), and Balthasar Bickel (U Zurich) 
sebastian.sauppe@uzh.ch 

Virtually all theories of grammar assume that linguistic expressions share partial syntactic            
configurations, modeled by derivation [1] or inheritance [2] mechanisms. Sentences like “The            
rabbits eat the carrots”, “The cat sleeps”, and “The mayor gives the toys to the children”, e.g., all                  
share the initial structure NP V… and thus exhibit partial overlap in their syntactic              
configurations. It remains open whether these partial overlaps are only computational patterns            
(in Marr’s sense) or whether they are also neurally relevant [3,4]. To explore whether overlaps               
are neurophysiologically detectable during sentence production, we conducted a combined eye           
tracking and EEG picture description experiment [5] in Hindi. Here, we focus on the dynamics of                
event-related desynchronization (ERD) in the EEG alpha band (8-13 Hz) during relational and             
structural encoding phases of sentence planning [6]. Alpha ERD is associated with a wide range               
of functions, including syntactic and sentence-level processing during comprehension [7,8] and           
more general memory and attentional processes [9,10]. Our study constitutes the first            
exploration of the role of alpha ERD in sentence planning. Hindi is especially suited to study the                 
effect of overlap in syntactic configurations in sentence planning because this language exhibits             
a split-ergative case marking system [11]. Subjects of transitive sentences are unmarked (NP-Ø,             
nominative) in imperfective aspect, but they carry overt case marking (NP-ne, ergative ) in             
perfective aspect. While nominatives share the initial configuration NP-ØNOM… with intransitive           
sentences and passives, the ergative configuration NP-ne ERG… is limited to transitive perfective            
sentences. We hypothesized that alpha ERD during structure planning should be sensitive to             
this difference in initial partial overlaps if they are neurally implemented. Fifty Hindi speakers              
described pictures of events using transitive SOV sentences with nominative or ergative            
subjects, while EEG was recorded (between subjects, N = 25 per group). Analyses of the time                
course of alpha band power changes during structure planning phases (0-1200 ms after             
stimulus onset [12]; speech onset was always > 1500 ms) revealed larger ERD (between 400               
and 1200 ms, relative to a pre-trial baseline) for sentences with nominative subjects. The effect               
was distributed broadly over central and posterior electrode sites (based on a combination of              
growth curve regression and model trees [13,14], statistically controlling for nuisance variables,            
including speech onset and NP length). Thus, alpha ERD responses were stronger when the              
initial syntactic configuration of a sentence overlapped with that of other sentence structures             
(NP-ØNOM…) than when it was initially unique (NP-ne ERG…). Our findings suggest that the role of               
alpha ERD in language production extends beyond supporting individual word retrieval [15].            
More generally, our results demonstrate that partial overlaps between syntactic configurations           
are relevant for the neurocognitive processes underlying sentence planning, possibly because           
planning configurations with greater initial overlap increases attentional and selectional          
demands on speakers [16]. 
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Production/comprehension asymmetry at syntactic level: Evidence from Catalan-
speaking children 

Merce Prat-Sala  (University of Winchester) & Ulrike Hahn (Birkbeck, University of London) 
merce.prat-sala@winchester.ac.uk 

 
The results of some studies indicate that children are able to produce morphological/ 
grammatical forms before they are able to comprehend them (e.g., Johnson, de Villiers and 
Seymour, 2005; van Hout, Harrigan, & de Villiers, 2010). This has led to a debate about the 
causes of the production/comprehension asymmetry with some attributing the asymmetry to 
psycholinguistic factors (e.g., Unal & Papafragou, 2016); others to methodology issues (e.g., 
Bates et al., 1995; Brandt-Kobele & Hohle, 2010); and others to perceptual saliency and cue 
reliability (Legendre et al., 2014). To further this debate, evidence from native Catalan-speaking 
children is presented that suggests a superiority of production over comprehension in the 
context of grammatical development for some grammatical structures but not for others. The 
structures examined were active clauses (e.g., The train runs over a rabbit), passive clauses 
(e.g., A rabbit is being run over by a train), and object-dislocated clauses (e.g., transliteration: to 
the rabbit, him the train runs over – translation: the rabbit, the train runs over it). We report the 
results of 2 production and 2 comprehension studies.  
Studies 1 and 2 - Language Production: 10 cartoon-like pictures drawn in black ink on white 
paper, each depicting an inanimate agent and an animate patient (e.g., A train running over a 
woman - see Figure 1) were used for the elicited production task. Each of the two studies used 
different participants and different verbs to ensure the results were not limited to a few selected 
verbs. Participants were asked to tell a soft toy animal ‘what is happening in the picture’ to elicit 
production. 
Results: The results show that Catalan children at all ages produce both active and object-
dislocated clauses, but not passive clauses [see Tables 1A and 1B]. Only Adults produce a 
certain amount of passive clauses in addition to actives and object dislocated clauses. 
Studies 3 and 4 - Language Comprehension: to assess comprehension, participants were 
asked to choose two soft-toy animals and to act-out what the experimenter said (e.g. “can you 
make the dog squash the rabbit? Make the dog squash the rabbit). For this task the same verbs 
used in the 2 production studies were used. Each study included different set of participants. 
Results: The results show that at all ages children comprehend the active clause. Crucially, the 
results also show a mismatch between comprehension and production of the passive and 
object-dislocated structures [see Tables 2A and 2B]. In the case of the passive structure, 
children comprehend this structure well in advance of its production. However, the opposite 
was found with the object-dislocated structure, where children younger than 10 years of age 
failed to comprehend this syntactic structure [compare Tables 1(A&B) and 2 (A&B)]. Note that 
adults comprehend all the syntactic structures. 
Discussion: These results fully expand on the current literature on the asymmetry between 
comprehension and production. Furthermore, the results cannot be accounted by 
methodological or psycholinguistic factors. The results are explained based on a language 
learning system that acquires syntactic knowledge in a gradualistic fashion involving what are 
initially only partial representations. 
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Figure 1: Elicited production 

Table 1A - Study 1: Total number (and percentages) 
of different syntactic structures produced by children 
in each age group (scorable material) 
Part. Mean 

Age 
Actives Object-

Dislocated 
Tota

l 
N=14 4;1 9 (34.5%) 17 (65.5%) 26 
N=15 5;0 16 (22.5%) 55 (77.5%) 71 
N=20 6;1 48 (51%) 46 (49%) 94 
N=20 7;0 56 (42.5%) 76 (57.5%) 132 
N=15 7;9 37 (40.5%) 54 (59.5%) 91 

 
 
Table 1B - Study 2:Total number (and percentages) 
of different syntactic structures produced by children 
in each age group (and adults) (scorable material) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2A - Study 3: Total number (and percentage) 
of children in each age group comprehending each 
syntactic construction  
Part. Mean 

age 
Object-
disloc. 

Passives Actives 

N=15 4;0 0 1 100% 
N=14 5;2 0 2 100% 
N=19 6;1 0 1 100% 
N=21 7;0 2 (9.5%) 8 (38%) 100% 
N=25 8;2 6 (24%) 17 (68%) 100% 
N=23 9;7 6 (26%) 19 82.5%) 100% 

 
 

Table 2B - Study 4: Total number (and percentage) 
of children in each age group (and adults) 
comprehending each syntactic construction  
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Part. Mean 
Age 

Actives Passives Object-
Dislocated 

Total 

N=12 6;2 25 
(64%) 

0 14 (36%) 39 

N=20 7;0 44 
(56%) 

1 (1%) 33 (42%) 78 

N=19 8;1 42 
(51%) 

2 (2%) 39 (47%) 83 

N=19 9;0 48 
(67%) 

1 (1%) 23 (32%) 72 

N=22 10;8 69 
(63%) 

0 41 (37%) 110 

N=21 Adults 54 
(48%) 

29 (26%) 29 (26%) 112 

Part. Mean 
Age 

Object-
Disloc. 

Passive 
 

Actives 
 

N=14 6;2 0(0%) 1 
(7%) 

100% 

N=21 7;0 2(10%) 12 
(57%) 

100% 

N=21 8;1 4(19%) 10 
(47.50%) 

100% 

N=20 9;0 4(20%) 17 
(85%) 

100% 

N=21 10;8 13(62%) 19 
(91%) 

100% 

N= 19 Adults 100% 100% 100% 



Predicting across the lifespan: Evidence from the visual world paradigm 
Yuki Kamide (University of Dundee) & Anuenue Kukona (De Montfort University) 
anuenue.baker-kukona@dmu.ac.uk 
 

While a compelling body of empirical research suggests that comprehenders predict 
during sentence processing, considerable individual variability has also been observed. The 
current research tested the hypothesis that prediction “declines” across adulthood. 

Individual differences in prediction have been observed along a variety of dimensions. 
For example, comprehenders with better memories, faster processing speeds and larger 
vocabularies have variously been observed to predict more (e.g., Borovsky et al., 2012; Huettig 
& Janse, 2016; Kukona et al., 2016). Given age-related changes in cognition, older vs. younger 
adults might also be expected to show differences in prediction. On the one hand, Federmeier 
and Kutas (2005) found that older adults were less able to exploit predictive cues, exhibiting 
weaker N400 effects in strongly constraining sentence contexts. On the other hand, Huettig and 
Janse (2016) found that predictive eye movements in the visual world paradigm were 
uncorrelated with age. However, these discrepancies may reflect a number of factors: for 
example, the former may reflect integration rather than “pre-activation” (i.e., responses were 
measured post-stimulus); alternatively, the latter focused on non-semantic predictive cues. 

The current research used the visual world paradigm to investigate age-related 
differences in prediction stemming from verb selectional restrictions (Altmann & Kamide, 1999; 
Experiment 1) and real world knowledge (Kamide et al., 2003; Experiment 2), which were 
interleaved within the same session. Both older (age M = 68.98; range = 60-81; N = 43) and 
younger (age M = 24.20; range 18-56; N = 51) participants' working memories and vocabularies 
(WAIS-IV), cognitive impairments (MMSE) and education were also assessed as covariates. 

Experiment 1. Participants heard 16 sentences like “The boy will eat/move the cake” 
while viewing visual scenes with objects like a cake and distractors. Average proportions of 
fixations to the cake during the predictive “eat” (Older: M = 0.22, SD = 0.14; Younger: M = 0.22, 
SD = 0.13) and non-predictive “move” (Older: M = 0.15, SD = 0.11; Younger: M = 0.13, SD = 
0.10) are depicted in Fig. 1. While a mixed effects (by-participants) model revealed a significant 
main effect of verb type (Est. = -0.08, SE = 0.02, t = 4.86, p < .001), with significantly more 
fixations to the cake during “eat” vs. “move”, there were no significant age or covariate effects. 

Experiment 2. Participants heard 24 sentences like “The man will ride the motorbike” 
while viewing visual scenes with objects like a motorbike, beer, carousel and lollipop (targets 
were also rotated across lists; e.g., “The man/girl will ride/taste…”). Average proportions of 
fixations during “ride” to the predictable motorbike (Older: M = 0.13, SD = 0.06; Younger: M = 
0.15, SD = 0.08) and non-predictable beer (Older: M = 0.09, SD = 0.06; Younger: M = 0.11, SD 
= 0.05) are depicted in Fig. 2. While a mixed effects (by-participants) model revealed a 
significant main effect of object type (Est. = -0.04, SE = 0.01, t = 5.07, p < .001), with 
significantly more fixations to motorbike vs. beer during “ride”, there were no significant age or 
covariate effects. 

Discussion. In contrast to the ERP literature (e.g., see Federmeier, 2007), the current 
results reveal that predictive eye movements are strikingly stable across adulthood, suggesting 
that predictive processes during sentence processing are robust to brain aging (e.g., Shafto & 
Tyler, 2014). 
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Effects of prepositional phrase type on the processing of relative clauses  
Matthew W. Lowder (University of Richmond) & Peter C. Gordon (University of North Carolina at 
Chapel Hill) 
mlowder@richmond.edu  

Although a large literature demonstrates that object-relative clauses (ORCs) are harder 
to process than subject-relative clauses (SRCs) (see Table 1, Example 1), there is less 
agreement regarding where during processing this difficulty emerges, as well as how best to 
explain these effects (see Gordon & Lowder, 2012 for a review). Explanatory frameworks that 
focus on the role of memory retrieval conceptualize the ORC-SRC asymmetry as resulting from 
a greater memory burden placed on the comprehender while processing ORCs as compared to 
SRCs. This burden stems from the need to encode two noun phrases (NPs) into memory and 
store them until the embedded verb and matrix verb cue their retrieval. Importantly, retrieval of 
the NPs in the correct order can be difficult, especially when they are semantically similar to one 
another, resulting in interference. Thus, memory-retrieval accounts predict greater processing 
difficulty for ORCs compared to SRCs at the embedded verb and the matrix verb. 

A recent eyetracking study by Staub, Dillon, and Clifton (2017) was designed to more 
carefully examine the source of RC effects on the matrix verb. The researchers systematically 
manipulated RC type and the presence or absence of a prepositional phrase (PP) (see Table 1, 
Example 2). Although they found an ORC-SRC effect at the matrix verb in the no-PP condition, 
they found no such effect in the PP condition. The authors used this pattern to argue against a 
memory-retrieval explanation for the ORC-SRC asymmetry, reasoning that the presence of a 
PP should not eliminate the retrieval interference that this account predicts, and in fact 
increasing the distance between the verbs should increase difficulty (see also Grodner & 
Gibson, 2005).  

A careful examination of Staub et al.’s items reveals that the types of PPs used in the 
experiment were a mixture of locative PPs (as in Example 2), as well as temporal PPs (e.g., The 
children that ignored the babysitter before breakfast bothered…). This is important because a 
locative PP in an SRC can modify either the RC noun (e.g., waiter) or the verb phrase (e.g., 
distracted the waiter). In contrast, a temporal PP in an SRC can modify only the verb phrase. 
Previous research has shown that sentences in which a modifier is globally ambiguous tend to 
be processed faster than sentences that are unambiguous (e.g., van Gompel, Pickering, & 
Traxler, 2001). Thus, it is impossible based on Staub et al.’s findings to disentangle RC effects 
from the processes involved in PP attachment.    

In the current eyetracking experiment, we systematically manipulated RC type (ORC vs. 
SRC) and PP type (locative vs. temporal) (see Table 1, Example 3). The items were adapted 
from Staub et al. Results at the matrix verb (see Table 2) revealed no main effects of RC type or 
PP type; however, there were significant interactions in gaze duration (p < .05) and total reading 
time (p < .02), and a marginally significant interaction in regression-path duration (p = .058). The 
source of the interaction was that in the locative condition, there were significantly longer 
reading times for ORCs than SRCs, but in the temporal condition, there was either no RC effect 
or an effect that went in the opposite direction (i.e., longer reading times for SRCs than ORCs).  

In contrast to Staub et al.’s findings, the results of the current experiment demonstrate 
that ORC processing difficulty is detectable on the matrix verb even when material intervenes 
between the RC verb and the matrix verb. Crucially, the nature of this intervening material 
matters: ORC-SRC effects emerge on the matrix verb when the material is a locative PP, but 
the effect reverses when the material is a temporal PP. Because Staub et al.’s materials 
included a mixture of PP types, it is impossible based on their results to draw any firm 
conclusions about how intervening material affected RC processing. The current results thus 
highlight the importance of considering how this intervening material affects both the structure 
and the meaning of the sentence.  
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Table 1. Example sentences. 

 

Table 2. Mean reading times on the matrix verb in milliseconds. 

Locative PP  Gaze duration  Regression-path duration  Total time 
 SRC  265   353     401 
 ORC  281   379     420 
Temporal PP 
 SRC  279   365     420 
 ORC  274   344     400 
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Example 1 

The reporter that attacked the senator admitted the error. (SRC) 
The reporter that the senator attacked admitted the error. (ORC) 
Example 2 

The chef that distracted the waiter poured the flour onto the counter. (SRC, no PP) 
The chef that the waiter distracted poured the flour onto the counter. (ORC, no PP) 
The chef that distracted the waiter in the kitchen poured the flour onto the counter. (SRC, PP) 
The chef that the waiter distracted in the kitchen poured the flour onto the counter. (ORC, PP) 
Example 3 

The chef that distracted the waiter in the kitchen poured the flour onto the counter. (SRC, locative) 
The chef that the waiter distracted in the kitchen poured the flour onto the counter. (ORC, locative) 
The chef that distracted the waiter for two seconds poured the flour onto the counter. (SRC, temporal) 
The chef that the waiter distracted for two seconds poured the flour onto the counter. (ORC, temporal) 



Segmental duration as a cue to sentence structure 
Sten Knutsen, Karin Stromswold & Dave Kleinschmidt (Rutgers University) 

sten.knutsen@rutgers.edu 
Introduction. In order to parse speech in real time, listeners ought to use any informative cues 
available. Here we investigate the role of segmental duration. On the one hand, previous work 
has shown that listeners are sensitive to variations in duration, changing their inferences about 
lexical/syntactic structure when durations are manipulated [1-3]. On the other hand, some 
production studies have found statistically significant differences in the mean durations of 
analogous segments across different lexical/syntactic structures [1,4-6]. However, a difference 
in means does not necessarily mean that the distributions of these durations make individual 
token durations sufficiently informative to be useful. The goal of the present work is to use 
production data to quantify how informative segmental duration is about syntactic/lexical 
structure. To this end, we used a Bayesian classifier to model how well a listener could guess 
the syntactic structure of a temporarily ambiguous sentence in a simulated gating task from 
natural variation in segmental durations. 
Data. We analyzed voice recordings of 8 native English speakers. Each spoke 28 temporarily 
ambiguous active/passive sentence pairs (Fig. 1), differing only in the choice of verb stem and 
agent/patient. All sentence pairs were syntactically ambiguous up until the verbal inflection. After 
excluding 9 tokens due to speaker error, there were a total of 439 recorded sentences. We 
hand-coded the durations of the onset, nucleus, and coda of the three syllables leading up to 
the disambiguating verbal inflection (corresponding to the noun, auxiliary, and verb stem). 
Model. Our model is based on an ideal listener model, where it is assumed that listeners have 
implicit knowledge of segmental duration distributions for active and passive sentences. Given 
these distributions, the model can infer the posterior probability that a particular token belongs 
to one distribution or the other. We then used an incremental Bayesian belief update model that 
accumulates evidence from each segment of a particular sentence as it unfolds. This cumulative 
posterior, combined with a decision rule, is how we modeled listeners’ behavior in a gating task 
with sentences truncated just before the disambiguating verbal inflection. 
Procedure. We first estimated active and passive segment durational distributions based on the 
mean and variance of our training data. We then calculated the posterior probability for all 
testing data tokens using Bayes’ rule (Fig. 2a). We modeled the accumulation of evidence over 
segments as the cumulative posterior probability, calculated as the cumulative sum of the log-
likelihood ratios of segments in each sentence (Fig. 2b). To model behavior in the gating task, 
we used a winner-take-all decision rule, where the model always guesses the structure with the 
highest posterior probability (Fig. 2c). To obtain an unbiased estimate of classifier accuracy, we 
used leave-one-speaker-out cross-validation: holding out one speaker’s data for testing while 
training on the balance of data, and repeating this process for each speaker. 
Results. Our classifier output can be seen in Figure 2a, where each blue point represents the 
posterior of a single token. While for most segments the posteriors are clustered around 0.5 — 
indicating that they provide little evidence one way or another — the verb stem vowel (e.g., the 
‘i’ in kiss) stands out visually as it carries the largest difference in active/passive distributions. 
Figure 2b shows the trajectory of evidence accumulation for each sentence in the dataset. The 
average cumulative posterior probability of each sentence’s true structure (Fig. 2b, red line) 
rises above chance level by permutation test (the red ribbon) at the onset of the verb stem (e.g., 
the ‘k’ in kiss) culminating in 0.67 probability by the end of the verb stem, just before the 
sentence is disambiguated morphosyntactically. Lastly, our modeled winner-take-all accuracy of 
74% (Fig. 2c) is in qualitative agreement with previously recorded behavioral results, where 
participants averaged between 62 and 83% accuracy in gating tasks with analogous sentences 
truncated before the verbal inflection [4,5]. 
Conclusion. Our results indicate that there is indeed sufficient information contained in the 
duration of individual segment tokens so as to be useful to listeners in real-time sentence 
processing. Whether duration serves as a direct cue to upcoming syntactic structure or indirectly 
influences such an inference via phonological or morphological levels remains an open 
question. 
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Figure 1: Two sentence pair examples. For each sentence, we coded the onset, nucleus and coda of: 
the last syllable of the first noun; the auxiliary verb was; the verb stem.

Figure 2: Classifier and modeling results. 
2a shows the single segment posterior 
probability assigned to the true structure 
for each token. The red confidence 
interval ribbons in 2b and 2c were 
produced using permuted active/passive 
labels.



The time-course of rhythmic and syntactic factors in silent reading in Turkish 
Nazik Dinçtopal Deniz (Boğaziçi University) 
nazik.dinctopal@boun.edu.tr 
Background: Assignment of prosodic boundaries in an utterance depends on constituent 
lengths as well as syntactic structure (e.g., Ghini, 1993; Selkirk, 2000). In silent reading where 
prosodic cues are unavailable the Implicit Prosody Hypothesis (IPH, Fodor, 2002) suggests that 
“a default prosodic contour projected onto the stimulus may influence syntactic ambiguity 
resolution”, even when there is no relevant punctuation. Fodor (1998) predicts that a 
construction’s most natural prosodic contour, influenced by the same-size-sisters constraint, will 
favor length-balanced constituents. The IPH has been confirmed in many languages but with 
adjunct attachment ambiguities. Following upon a previous experiment, this study tests the IPH 
in a late/early closure ambiguity in Turkish that involves argument structure relations and pits 
the syntactic parsing strategy of Late Closure against a prosodically-motivated length constraint.  
Materials: The Turkish ambiguity is illustrated in (1), where the homophonous morpheme -u on 
the noun psikolog (psychologist) can be interpreted either as possessive or as accusative. 

(1) Late Closure (LC) / Early Closure (EC) 
     Ø    (Yaklaşık)  kırk  yedi     öğrenci-nin      psikoloğ-u        (bugün)  
 Pro  Nearly       forty  seven   student-GEN   psychologist-3SG.POSS/ACC     today   

sev-il-di        /  sev-diğ-in-i    bayağı  san-ıyor-uz. 
like-PASS-PAST   /  like-FN-3SG.POSS-ACC   much   think-PROG-1PL 
We think that the psychologist of (nearly) forty-seven students was much liked (today). /  
We think that (nearly) forty-seven students liked the psychologist much (today). 

A late-closed subject ends at psychologist-POSS. An early-closed subject ends at student-GEN, 
and the following noun psychologist-ACC is the object. The sentence is disambiguated at the 
embedded verb, sevildi (was liked) in LC and sevdiğini (liked) in EC structure. In speaking, a 
phrase boundary falls between the subject and the embedded verb phrase (Deniz & Fodor, 
2013). Phonological phrase length has a range of 3-7 (average 4) PWds in Turkish (Nash, 
1973). There were four conditions, manipulating length (lengthened subject/VP) and syntactic 
structure (LC, EC). A modifier either in the subject (nearly) or in the VP (today) modified phrase 
lengths, with a total 8 PWds in all cases. A preferred boundary location after the first 4 words 
would yield 4+4 balanced phrasing and favor EC for the lengthened subject condition and LC for 
the lengthened VP condition. (See Table 1 for details.) There were 24 experimental sentences 
(normed for LC/EC semantic unbias). An acceptability judgment pre-test ensured naturalness. 
Procedure: 48 native speakers of Turkish silently read the sentences presented as a whole on 
the computer screen and answered the comprehension questions that followed.  
Results: Six eye-tracking measures (first fixation, gaze, regression path, re-reading and total 
duration and the probability of regression out) were entered into a mixed-effects linear/logistic 
regression model for the disambiguating region (6th word) and spillover region (7th word). 
Analyses on four measures (excluding first fixation duration, probability of regression out) 
revealed a LC advantage in the disambiguating region (t’s > 5.25); there was a preference for 
balanced lengths in four measures (excluding first fixation, gaze duration, t’s > 2.01, z = 2.62) 
and a LC advantage in total duration (t = 1.94) in the spillover region. (See Table 2 for details.) 
Conclusion: The results confirm Fodor (1998, 2002): readers project prosodic boundaries in 
silent reading and in doing so, they are influenced by the balanced-sisters preference. But, as in 
the previous experiment in Turkish, the length effects are slightly delayed (spillover region) 
compared to syntactic biases (disambiguating region). The previous experiment, with 6 PWd-
sentences where the spillover region was the matrix verb, offered two interpretations: (i) 
rhythmic information lags behind syntactic information, as previously predicted by Fodor (2002) 
or (ii) the parser uses rhythmic information once the ultimate length distribution is known, at the 
matrix verb. The current experiment, with spillover region not being the matrix verb, favors (i).  
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Table 1. Length distribution and syntactic structure manipulation in the experiment. 

Lengthened Subject - EC Balanced Lengthened VP - LC Balanced 
LC (5+3 PWds) LC (4+4 PWds) 
EC (4+4 PWds) EC (3+5 PWds) 

Table 2. Mean and standard error (SE) values for first fixation duration, gaze duration, 
regression path duration, re-reading duration, total duration (in milliseconds) and probability of 
regression out for the disambiguating region (6th word) and the spillover region (7th word) 

  Disambiguating Region 
(6th word) 

Spillover Region      
(7th word) 

    Mean SE Mean SE 

First Fixation 
Duration 
(ms.) 

Balanced, EC 250.9 5.08 230.7 6.54 
Unbalanced, EC 229.8 4.01 222.6 6.42 
Balanced, LC 233.1 4.42 217.3 7.02 
Unbalanced, LC 248.2 5.24 227.3 6.92 

Gaze 
Duration 
(ms.) 

Balanced, EC 382.5 13.27 249.9 7.82 
Unbalanced, EC 364.5 14.25 245.4 8.26 
Balanced, LC 289.5 7.38 239.9 8.93 
Unbalanced, LC 327.7 9.92 254.1 8.64 

Regression 
Path 
Duration 
(ms.) 

Balanced, EC 494.2 27.63 401.6 36.34 
Unbalanced, EC 487.3 27.27 498.5 47.47 
Balanced, LC 361.6 15.68 379 36.07 
Unbalanced, LC 395.4 17.55 440.2 38.12 

Re-reading 
Duration 
(ms.) 

Balanced, EC 361.5 29.14 96.6 11.43 
Unbalanced, EC 331.5 23.24 108.6 13.07 
Balanced, LC 185.7 15.63 86.11 10.89 
Unbalanced, LC 234.5 19.82 114.5 13.51 

Total 
Duration 
(ms.) 

Balanced, EC 738.9 31.37 271.7 13.09 
Unbalanced, EC 693.6 25.98 259.6 14.23 
Balanced, LC 465.2 17.16 223.3 12.6 
Unbalanced, LC 546.8 21.85 266.3 13.92 

Probability of 
Regression 
Out 

Balanced, EC 0.13 0.019 0.19 0.029 
Unbalanced, EC 0.13 0.02 0.27 0.035 
Balanced, LC 0.11 0.019 0.19 0.032 
Unbalanced, LC 0.11 0.019 0.22 0.033 



Context effects in irony processing 
Saskia Leymann (University of Amsterdam),  

Verena Haser & Lars Konieczny (University of Freiburg) 
s.leymann@uva.nl 

Can the intended meaning of ironic language be understood directly or is it necessary to 
interpret the literal meaning first? The direct access view (Gibbs, 1986) postulates that given a 
strong enough context, ironic language can be processed as directly as literal language 
(interactive view). In opposition, the graded salience hypothesis (Giora, 1997) states that the most 
salient – usually the literal – meaning will always be interpreted first. (modular view). Research so 
far has produced mixed results on the effects of context on irony comprehension. We present 
evidence from two visual world eye-tracking experiments for the presence of context effects in 
early processing of ironic utterances. 

Previous literature has established the importance of shared social norms and attitudes 
(Massaro et al., 2014) in the processing of irony. Echoic mention (Sperber & Wilson, 1981) – the 
repetition of a previously uttered phrase – is another important factor. We implemented these 
contextual cues in a 2x2 factorial design with irony and echoic mention as within-subject factors. 
Forty-three participants were presented with pictures stories, each a sequence of three short 
scenes with four interest areas (IA). The first scene introduced the situation with two speakers 
(IA: speakers) and a person in the background behaving according to the literal meaning of the 
target utterance (IA: background). In the second scene two more people entered the situation: 
the target character (IA: target) and a visual distractor (IA: distractor). The third scene contained 
the target utterance (e.g. "Today he is really lucky"). The intended meaning of the target utterance 
was either ironic or literal (factor irony), which was to be inferred from the visual context. The 
crucial content word (e.g. lucky) had either been spoken or not spoken in the preceding dialogue 
(factor echoic mention). We used the same audio recordings in both the literal and the ironic 
condition to exclude effects of prosody and syntax. Participants were instructed to select the 
person the target utterance referred to in each trial. 

Following the direct access view one would expect participants pay equal attention to the 
correct target in both the literal and the ironic condition when echoic mention is realized. Following 
the graded salience hypothesis one would expect participants to be slower to identify the correct 
target in the ironic condition, regardless of context strength, dividing attention between target and 
background IAs in early processing. 

Participants performed significantly better on the selection task in the literal condition. Gaze 
analysis only for correctly answered trials revealed that participants began focusing primarily on 
the target shortly after the sentence start in all conditions, indicating that early reference building 
was successful for both literal and ironic items. We observed a significant interaction of irony and 
echoic mention 500 to 1000 ms after the onset of the content word (e.g. lucky) with participants 
being faster to look away from the target in the irony condition only without echoic mention. 
Participants appeared to have identified the target figure from visual salience alone in all 
conditions, but irony and echoic mention interacted reliably during integration of the literal/ironic 
content word with the preceding model. 

We conducted a follow-up experiment (29 part.) with the aim to replicate results of the first 
experiment, and to determine whether worse performance in the selection task was due to irony 
being harder to comprehend or it being less expected in a lab setting, leading to active 
suppression of the ironic interpretation. Some particularly difficult to comprehend items were 
altered for clarity, and audio stimuli were re-recorded with better quality. Stimuli were tested in 
norming studies to ensure no bias for irony in the target sentences. We added explicit instruction 
that some utterances were meant to be non-literal. 

Gaze analysis results of the pilot study were replicated, and participants were equally 
accurate in all conditions in the selection task in experiment 2. Together, results suggest that 
context strength influences the integration of ironic utterances into a conversational context. 
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Example Stimulus (only scene 3 pictured, text translated from German) 

 
Ironic condition    Literal condition 
 
Probability of look to interest areas 500ms to 1000ms  
post content word onset (Experiment 2): 

  

−5
−4

−3
−2

−1

El
og

AOI.f: target

echoic n.echoic

AOI.f: background

echoic n.echoic

AOI.f: distractor

echoic n.echoic

AOI.f: speakers

echoic n.echoic

irony.f

ironic  

literal  

echoic.f

Scene 1 
Context: Daniel and 
Gregor are spending 
their vacation in Las 
Vegas. Upon arrival 
they go to the closest 
casino to meet their 
gambling addicted 
friend Jonas. 
Speaker 1: Do you 
know where we were 
supposed to meet 
Jonas? 
Speaker 2: At the 
Blackjack table. He 
says that's where he's 
the most lucky. (echoic 
mention) 
OR 
Speaker 2: At the 
Blackjack table. He 
says that's where he 
usually wins. (no echoic 
mention) 
 
Scene 2 
Context: At the 
Blackjack table they 
see their friends Jonas 
and Martin. 
 
Scene 3 
Speaker 1: Today he is 
really lucky. (target 
sentence) 
Speaker 2: Right. He 
should be careful to not 
overdo it. 



Effects of predictability and optionality on pronominalization 
Jet Hoek & Hannah Rohde (University of Edinburgh) 

jet.hoek@ed.ac.uk 

The idea that predictability influences production has been observed at multiple levels of linguistic 
structure – e.g., phonetics [1], morphology [2], and syntax [3]. Evidence for the influence of 
predictability on reduction in speakers’ choice of reference, however, is mixed. Work in this 
domain typically targets the 3rd person pronoun and typically uses a referent’s rate of re-mention 
in a subsequent sentence as a measure of predictability. Some studies show more 
pronominalization for more predictable referents [4,5], while others find no influence of 
predictability and instead link pronominalization to other factors exclusively related to referent 
topicality [6,7]. Disentangling these factors is a challenge as it is difficult to manipulate one factor 
while holding all others constant. Here we test pronominalization in contexts that permit 
manipulations of predictability while addressing prior confounds of referent optionality.    

The primary evidence for the impact of predictability on pronominalization [4,5] shows that a 
subject referent is more likely to be pronominalized when it corresponds to a thematic role that is 
favored for subsequent re-mention. However, in such cases, the thematic role manipulation 
creates systematic differences in the obligatory-vs-optional status of the competing referent.1 If 
obligatory arguments are more integral to the event denoted by the verb, they may compete more 
with the referent who corresponds to the favored thematic role. In this study, we explicitly 
manipulate the optionality of the competing referent, enabling us to better test how referents’ 
predictability influences subsequent rates of pronominalization. 

Participants (N=65) wrote story continuations for prompts that varied in the presence and 
status of a competing referent (see (1)). We held constant thematic and grammatical role of the 
target referent (subject Patrick) and the order in which the referents were mentioned.  To do this, 
we used two forms of subject-biased implicit causality verbs [8]:  predicate adjectives (1a-b) and 
transitive verbs (1c). A norming study (N=21) allowed us to select the 18 items that were judged 
to be most interchangeable in use and meaning between (1b-c) out of a larger set of 30 verbs. 

(1) a.  Patrick is boring.   1 referent 
b.  Patrick is boring to Emily.  2 referents, optional competitor 

      c.  Patrick bores Emily.   2 referents, obligatory competitor 
The binary outcomes for re-mention (subject or not) and referential form (pronoun or not) were 
analyzed using LMER models (maximal RE structure permitted by the data).  A main effect of 
condition was found for both outcomes, and we used pairwise comparisons to follow these up. 
Figure 1 shows the proportion of continuations that started with a re-mention of the subject 
referent and Figure 2 shows the rates of pronominalization of the subject. Crucially, the difference 
in predictability between the first two conditions (1a-b, p<.001) does not yield a difference in 
pronominalization between those conditions (p=.61). Furthermore, pronominalization rates 
between the latter two conditions (1b-c) differ (p<.05) despite their matched predictability rates 
(p=.70).  Pronominalization is thus no higher for a more predictable referent (1a vs 1b) but it is 
higher when the competing referent is optional rather than obligatory (1b vs 1c). 
 We tried to replicate these findings in a second experiment (N=54). The experiment included 
only conditions (1b-c), but the rest of the experiment and analysis remained the same. As in 
Exp.1, re-mention rates did not differ between conditions (1b-c, p=.51). However, this time we did 
not find a difference in pronominalization rate of the subject referent between conditions (1b-c, 
p=.73). A third replication attempt with all three conditions (N=63) did not find the difference in 
pronominalization rate between any of the conditions (p=.98). Over the whole dataset, the 
difference in pronominalization rate between conditions (1b-c) is also not significant, see Figure 
3. As such, our study has not found any evidence that optionality played a role as a potential 
confound in [4,5] that could account for the differences between [4,5] and [6,7].  
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Footnote 
1 For the well-studied class of transfer verbs, manipulating the thematic role of the subject referent 
tends to yield non-minimal pairs:  Events described with the Source referent in subject position have 
an obligatory Goal argument (e.g., Kyle gave a book to Sue), while events described with the Goal 
referent in subject position have an optional Source (e.g., Sue got a book [from Kyle]). 

 
 

 
        
 

Figure 1: Proportion of subject re-mentions out of all 
continuations from Experiment 1. Pattern of results 
is the same with analysis restricted to subject and 
object continuations. Error bars represent the 
standard error of the mean. 
 

Figure 2: Proportion of pronouns used for subject 
re-mentions in Experiment 1. Error bars represent 
the standard error of the mean. 
 

Figure 3: Proportion of pronouns used for 
subject re-mentions for conditions (1b-c) in all 
data collected in Experiments 1-3. 
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Ordering in numerals across languages supports rapid information processing
Emmy Liu & Yang Xu (University of Toronto) 

me.liu@mail.utoronto.ca 
 Introduction Recent work has shown that word ordering in sentence production sup-
ports information smoothing, also known as Uniform Information Density or UID [1, 2]. We in-
vestigate word ordering in compounds that have not previously been examined through the lens 
of information theory. Compounds are compositional structures that combine linguistic stems 
into one unit [3]. Compounding is a powerful mechanism for generating expressions, but the or-
dering of constituents can affect semantic processing (e.g., twenty-one  vs one-twenty ). We 
propose an alternative theory to UID that explains compound ordering from information gain [4]. 
This view predicts information front-loading as opposed to information smoothing such that the 
listener may gain information as rapidly as possible. We test this theory of rapid information gain 
(RIG) against UID in numeral expressions. Numeral systems provide a closed domain for easier 
analysis while relying on compounding to form new terms, e.g. twenty-one  is composed of 
twenty  and one . In numerals with two constituents, the larger constituent is the base and the 

smaller is the atom. Greenberg (1978) and others have suggested that numeral systems 
beginning with the atom-base ordering typically switch to the base-atom ordering beyond 20 
while the reverse never happens [5]. There is also a general preference for base-atom order 
across languages (Table 1). We test RIG and UID in explaining these phenomena, showing that 
RIG better accounts for the cross-linguistic data. 
 Methods We sampled numeral terms in 334 languages evenly from 53 language fami-
lies [6]. To facilitate the information-theoretic analyses, we calculated numeral probabilities 
based on normalized term frequencies in 8 languages from the Google Ngrams corpora during 
1900-2000 [7]. We decomposed a compound numeral into atom and base, ignoring connec-
tives, e.g., twenty-one   [ twenty , one''].  We reversed the attested order to form the alter-
nate order (e.g., one-twenty ). For each order, to calculate the information content of a com-
pound, we used the formula  where  is 
the surprisal of the compound utterance,  is the target, and the  are constituents. This re-
duces to  in this case [8]. For every numeral 

expression we computed , or deviation from the UID ideal as   [9], 
where  is the total number of constituents and  is the surprisal of the target after  constitu-
ents have been communicated. We calculated cumulative surprisal as . We per-
formed these calculations from 1-100 in each language, as well as in a universal template  
language with base-atom as the attested order and atom-base as the alternate. 

Results and conclusion Overall, both UID and RIG identify the attested numeral orders 
as more efficient than the alternate orders. However, RIG accounts for the atom-base to base-
atom order switch at 20, but UID does not (Figure 1). In the range 11-19, UID still shows strong 
support for the atom-base ordering, but RIG predicts that both orderings have approximately 
equal cumulative surprisals. For these numerical ranges, we conducted a permutation test with 
100,000 trials and for each repetition, calculated the mean difference in cumulative surprisal be-
tween the two orders. This corroborated the null hypothesis for the range 11-19, but there is 
high statistical significance (p < 0.004) in rejecting the null in the range 21-29 (Figure 2), sug-
gesting that the effect of information front-loading is significant in the range 21-29 and above. 
These results show that RIG offers a better account for constituent order in compounds than 
UID. The method outlined in this work can be extended to longer constituents, as well as to dif-
ferent semantic domains. Our work suggests that fine-grained ordering of lexical compounds fa-
cilitates rapid information processing and brings opportunities to characterize cross-linguistic 
universals in lexical design from a processing view-point. Future work should delineate when 
UID and RIG apply, and how the RIG principle might account for ordering beyond numerals. 
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Number of languages No switch Switched

atom-base  base-atom 11 52

base-atom  atom-base 271 0
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Not all passives are processed equal: verb voice and word order in idiom comprehension 
Marco Senaldi (SNS, Pisa), Paolo Canal (IUSS, Pavia) & Alessandro Lenci (University of Pisa) 

marco.senaldi@sns.it 
It is commonly assumed that passivizing a non-compositional idiomatic phrase mostly hinders 
its figurative reading due to the extraction of the noun to the preverbal position [1] (e.g. John 
kicked the bucket vs The bucket was kicked by John). Previous studies have never considered 
that two word orders are grammatical in Italian passives, either with a preverbal (PASSIVE I, 
Tab.1) or a postverbal subject (PASSIVE II). If an idiom in the Passive II form, which preserves 
the verb-noun surface order of the active citation form, turned out to enjoy a processing 
advantage over an idiom in the Passive I form, this could suggest that a core issue in 
processing passive idioms is actually the violation of its canonical order and adjacency, as 
shown for other passive constructions [2]. As regards broader-scope sentence processing 
models, this finding would at least partially tie in with good-enough theories [3], which suggest 
that speakers do not always engage in a deep syntactic analysis of utterances, but can also 
resort to shallower features such as linear word order. In this study, 60 Italian verb-determiner-
noun idioms were rated for familiarity, meaning knowledge, semantic transparency and literal 
plausibility (i.e. how plausible and frequent the literal use of a string is) by 70 native subjects. To 
create pragmatically felicitous and unambiguous contexts for both idiomatic passive conditions, 
two-line dialogues were then prepared (Tab.1), where speaker A introduces the idiom-related 
topic and speaker B replies with a corrective cleft sentence containing a de-focalized passive. 
Dialogues with the 2 passive conditions were also created for 60 literal phrases obtained by 
replacing the idiom nouns with frequency- and length-matched nouns. 40 Italian native speakers 
rated the naturalness of the 4 conditions (Idiomatic vs Literal, Pass I vs Pass II; Fig.1) from 1 to 
7. While passive literals were judged as more natural than passive idioms 
[F(1,59)=32.19,p<.001], no significant difference emerged between literal Passive I 
(M=4.75,SD=1) and II (M=4.89,SD=8.77;n.s.). In line with our predictions, idiomatic Passive II 
was rated as significantly more natural (M=4.23,SD=0.99) than idiomatic Passive I 
(M=3.60,SD=1.15,p<.01). To further investigate if preserving verb-noun order in Passive II could 
facilitate access to the idiomatic meaning in on-line sentence processing, other 30 subjects took 
part in an eye-tracking reading experiment with the 2 idiomatic conditions only. A preliminary 
cloze task (24 subjects) on the idiom final word showed Passive II to be completed as idiomatic 
significantly more often (M=69.58,SD=28.74) than Passive I (M=54.86,SD=33.52;p<.01). 
Analyses of the reading data via linear mixed models confirmed idiomatic Passive I to be read 
significantly more slowly than idiomatic Passive II [first pass: t=2.86; total time: t=3.69], with a 
facilitation from Familiarity [first pass: t=-2.32; total time: t=-3.51] and Transparency [total time: 
t=-2.55]. When processing a passivized non-compositional phrase, speakers are thus helped in 
accessing its figurative meaning if the canonical word order of the active form is preserved, in 
addition to a preceding context that makes Passive II pragmatically natural. A Literal 
Plausibility*Syntax interaction in first pass time [t=-2.90] (Fig.2) suggests that, while high Literal 
Plausibility slows down Passive II reading, probably by bringing into play some competition 
between a possible literal or figurative reading, on the other hand it speeds up Passive I early 
processing. Moreover, a Transparency*Syntax interaction in total time [t=-2.20] (Fig.3) shows 
that, when word order is swapped around in Passive I, the possibility to independently map 
parts of the string to parts of the idiomatic meaning helps integrating the passive idiom into the 
context. By contrast, Transparency plays a smaller role once a string has already been 
recognized as an idiom in early processing due to the verb-noun order being kept (Passive II) 
and to the presence of an apt idiomatic context. A Familiarity*Syntax interaction in go-past time 
[t=-2.03] (Fig.4) reveals Familiarity to cause less reanalysis of the previous context in Passive I, 
when the reversed idiom is easier to retrieve if it is more familiar. Flipping verb-noun order in 
Passive I seems thus to call for a slower, more compositional analysis, that is initially facilitated 
by high literal plausibility and is then sped up by a more transparent internal semantic structure. 
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Table 1. Example items in the 2 idiomatic conditions. 
PASSIVE I A: Quale dei brani suonati all’esibizione di ieri sera ha impressionato di più la platea 

secondo te? Il quartetto di archi? 
‘Which piece do you think has impressed the audience the most last night at the concert? 
The string quartet?’ 
 

B: No, è stato con il concerto per due pianoforti che il segno è stato lasciato nel pubblico, 
a giudicare dalle reazioni degli spettatori. 
‘No, it is with the concert for two pianos that the mark was left in the audience, judging 
from the reaction of the public’. 

PASSIVE II A: Quale dei brani suonati all’esibizione di ieri sera ha impressionato di più la platea 
secondo te? Il quartetto di archi? 
B: No, è stato con il concerto per due pianoforti che è stato lasciato il segno nel pubblico, 
a giudicare dalle reazioni degli spettatori. 
‘No, it is with the concert for two pianos that (lit.) was left the mark in the audience, judging 
from the reaction of the public’. 

Figure 1          Figure 2 

  
Figure 3           Figure 4 
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Priming discourse structure guides pronoun comprehension 
Elyce Williams & Jennifer Arnold (The University of North Carolina-Chapel Hill) 
elyceely@live.unc.edu 

Ambiguous pronouns require people to infer the referent from the context. In “Ana went to 
the store with Liz. She bought bread,” people tend to assume that “she” refers to topical 
referents, for example the subject of the prior sentence, Ana (e.g., Brennan, 1995). Where does 
this bias come from? The exposure hypothesis suggests that people are sensitive to the 
referential patterns that are frequent in natural language. Speakers frequently refer to subjects 
overall, so listeners learn to expect subject reference, and apply this expectation when they see 
an ambiguous pronoun. This view is supported by evidence that these frequency patterns do 
hold in natural language (Arnold, 1998). In addition, the tendency to follow the subject-
assignment strategy for ambiguous pronouns is stronger for people who have high print 
exposure (i.e., people who read a lot), which means that language exposure is correlated with 
the use of this discourse strategy. However, this effect is correlational, and does not directly 
show a link between discourse exposure and pronoun comprehension. In addition, it is not clear 
what types of exposure matter. Do people track the frequencies of subject-reference for all 
forms, or just pronouns, or just third-person pronouns? 

Our project seeks to address these questions with a priming study, to test whether exposure 
matters in the short term. Mturk participants read stories like “Ana went hiking with Liz. She 
used the binoculars.” They answered questions like “Did Ana use the binoculars?” or “Did Liz 
use the binoculars?” which indicated their interpretation of the ambiguous pronoun. Critically, 
these ambiguous stories were combined with unambiguous prime stories. Participants in the 
subject-prime condition only saw primes with reference to the subject character (“Ana played 
music with Matt. She ….”); those in the nonsubject-prime condition only saw nonsubject-
reference stories (“Ana played music with Matt. He….”). The experiment started with 12 prime 
stories; the other 20 primes were interspersed with 12 ambiguous stories. Our key question was 
whether participants would be more likely to assign the pronoun to the subject in the subject-
prime condition. We also manipulated whether the question asked about the subject or the 
nonsubject. E.g., in the example above, “yes” to the Ana question and “no” to the Liz question 
were coded as reflecting a subject interpretation. 

In three experiments, we tested 3 prime types. Experiment 1 (59 participants) used 
unambiguous pronoun primes (using different-gender contexts to make the pronoun 
ambiguous). Experiment 2 (59 participants) used name primes (e.g., “Ana played music with 
Matt. Ana played the piano.” Experiment 3 (54 participants) used I/you primes (e.g., “I played 
music with you. I played the piano.”) In addition, we tested print exposure with the Author 
Recognition Task (ART; Stanovitch & West, 1989), where participants saw a list of real and fake 
authors, and indicated which ones they recognized as real. 

Our critical finding (see Fig. 1) was that people were more likely to select the subject 
character as the referent for the ambiguous pronouns in the subject-prime than non-subject 
prime conditions, but most strongly when primed with unambiguous third-person pronouns (Exp. 
1 p < .01). In Exp. 1 there was also a main effect of print exposure, where people with high ART 
scores were more likely to select the subject overall. With name primes (Exp. 2), there was also 
a smaller priming effect, but it only occurred for people with high print exposure, leading to an 
interaction between ART and priming (p = .045). In Exp. 3 there was no priming effect with I/you 
pronoun primes (p = .886), and a numerical but nonsignificant effect of print exposure (p = .09). 
There was also a main effect of the question type in all experiments, because people tended to 
answer yes to both questions, leading to a stronger subject bias with subject questions.  

These findings provide the first evidence that discourse exposure guides pronoun 
comprehension, and that even very brief exposures can modulate the subject bias. We also 
observed limits to the priming effect, which was strongest when the priming stimuli (he/she 
pronouns) were most similar to the test items.  
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Figure 1. Priming effect in each experiment – Average subject selection when asked about 
subject or non-subject character 
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Figure 2. ART x Condition interaction  
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Understanding over-specification: A visual-world ERP study 
Elli N. Tourtouri, Francesca Delogu & Matthew W. Crocker (Saarland University)
elli@coli.uni-saarland.de

Grice’s second maxim of Quantity [1] stipulates that speakers’ utterances encode the minimal 
amount of information necessary for the communicative purposes. According to that, 
redundancy may engage listeners in unintended pragmatic inferencing [2]. Past research has, 
nevertheless, shown that speakers frequently use redundant information to specify a target 
object in a visual domain [3-7]. For example, while ‘blue’ is required to identify the target (ball) in 
Fig.1A and B, it is unnecessary yet likely to be mentioned in C and D. It is, however, unclear 
whether such over-specifications (OS) hinder comprehension [7,8] or not [9,10]. Previous ERP 
studies have found contrasting evidence. OS was associated both with an increased [7] and an 
attenuated [10] N400 compared to minimally-specified expressions (MS). Both findings are 
subject to alternative explanations, however. In [7], visual displays were highly simplified, which 
may have emphasised that redundant information was unnecessary, while in [10], specificity 
was confounded with the reduction of referential ambiguity (entropy): in OS, the redundant 
adjective identified exactly one object, thereby minimising surprisal on the subsequent noun 
[11]. In this study, we manipulated Specificity and Entropy reduction as orthogonal factors, to 
assess their independent influence on the comprehension of referring expressions, and whether 
they interact.  

In an ERP experiment, we presented participants (N=32) with either of four versions of a 
visual display (cf. Fig.1) paired with a single audio instruction like ‘Find the blue ball’ in German. 
The experimental manipulation crossed Specificity (MS vs. OS) and Entropy reduction rate (high 
reduction, HR vs. low reduction, LR). That is, when a shape competitor was present (cf. Fig.1A 
and B) the expression was MS, while it was OS when the target was singleton (cf. Fig.1C and 
D). Further, the adjective (‘blue’) reduced entropy at a higher (1.58 bits in Fig.1A and C) or lower 
(0.58 bits in Fig.1B and D) rate, leaving a smaller (1 bit) or larger (2 bits) amount of entropy, 
respectively, to be eliminated at the noun. Based on previous findings, we expected referential 
specificity to modulate the N400, with OS amplitude being higher if it is hindering for 
comprehension [7], or lower if it is facilitatory [10]. The rate of entropy reduction was also 
expected to exert an influence (possibly additive) on comprehension, with higher reduction 
being more beneficial.  

We found that OS led to higher response accuracy (p<.01) and faster times (p<.01) for 
listeners to identify which side of the screen (left or right) the target object was on, while HR also 
resulted in faster responses (p<.01). Regarding the ERPs, none of the comparisons in the 
adjective region reached significance (p>.05). In the noun region, we observed two main effects: 
a biphasic N400-P600 effect for OS vs MS (Fig.2), and an N400 effect for LR vs HR (Fig.2). In 
line with previous research [2,7], results indicate that listeners employ pragmatic inference 
online to interpret the incoming adjective, when the context supports both a contrastive and a 
non-contrastive reading (cf. the blue ball and the mitt in Fig.1). Based on this interpretation they 
then predict the upcoming noun. When their prediction fails (OS), noun retrieval is hampered 
(larger N400), and listeners need to revise their representation of what is being communicated 
(larger P600) [12]. Nonetheless, response speed and accuracy are increased for OS vs MS, 
replicating previous findings [9] and highlighting the intricate relationship between ERPs and 
behavioural measures. Lastly, entropy reduction was also found to be a significant factor in 
referential language processing, with a high reduction of entropy on the (necessary or 
redundant) adjective resulting in a facilitation on the noun (attenuated N400).  
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A: MS-HR B: MS-LR

C: OS-HR D: OS-LR

Figure 1. Sample visual stimuli for the four conditions paired with the audio instruction ‘Find the blue ball’. In panels 
A and B the adjective was necessary to identify the target object, and the expression was therefore minimally-specified 
(MS). In panels C and D the adjective was redundant rendering the expression over-specified (OS). Additionally, the 
adjective reduced the amount of referential entropy (ambiguity of potential referents) at a higher rate (high reduction, 
HR) in panels A and C, and at a lower rate (low reduction, LR) in panels B and D. 

Figure 2. ERP waveforms at electrode Pz time-locked to the onset of the noun (‘ball’). Negative amplitude is plotted 
upward. The OS conditions (red lines) a more negative amplitude compared to the MS conditions (blue lines) in the 
N400 time window (grey-shaded area), and more positive in the P600 time window (green-shaded area). LR (dashed 
lines) also resulted in a higher N400 compared to HR (solid lines) in the N400 time window. 



Pupillometry reveals reduced effort in children’s sentence processing  
when visual speech cues are available 

Rebecca Holt, Laurence Bruggeman & Katherine Demuth (Macquarie University) 
rebecca.holt@mq.edu.au 

Processing spoken language can be an effortful task, particularly for children and in adverse 
listening conditions, such as the classroom [1,2]. It is therefore important to understand how 
children’s processing effort can be reduced in these circumstances, to minimise fatigue 
associated with sustained cognitive effort and to free mental resources for learning activities.  

Visual speech cues (e.g., the speaker’s facial movements) may assist in reducing the effort 
associated with children’s sentence processing. The integration of auditory and visual cues can 
confer an “audiovisual (AV) benefit”: an improvement in processing speed and accuracy for AV 
over auditory-only (AO) presentation. AV benefits are typically found for adults listening in noise 
[e.g., 3,4], but also occur in quiet [5] and among children [6]. There is mixed evidence for an AV 
benefit for processing effort among adults (i.e., reduced effort for processing AV speech relative 
to AO) [7-9]. AV benefits for effort have not been examined for children, though they may 
behave differently to adults as their linguistic development is ongoing. We therefore asked 
whether children would show an AV benefit for effort in either quiet or noise, hypothesising that 
they would [7]. Alternatively, children might show an AO benefit due to the extra effort of 
integrating across auditory and visual modalities [7, 8], or might show equivalent processing 
effort across modalities [9]. We also hypothesised that any AV or AO benefit for effort would be 
exaggerated in noise compared to quiet, due to the difficulty of speech perception in noise [1]. 

Thirty-five 7-11-year-old monolingual English-speaking children (Mage = 8;11) completed a 
phoneme monitoring task with concurrent pupillometry. Participants heard sentences in AV or 
AO modality (Table 1) and made a button-press when they heard pre-specified phonemes. Half 
the participants completed the task in quiet and half with continuous pink noise overlaid at a -2 
dB signal-to-noise ratio (SNR). A Tobii X2-60 eye-tracker recorded participants’ pupil dilation 
during the task: Increased pupil dilation functions as an index of increased cognitive effort [10]. 
Event-related pupil dilation was calculated per trial using a pre-task baseline period, cf. [11], and 
two metrics were extracted: peak dilation (maximum pupil dilation relative to baseline) and peak 
latency (the time at which the peak dilation occurred). We constructed a linear mixed-effects 
model for each metric with Modality (AV vs. AO) and Listening condition (quiet vs. noise) as 
fixed factors and a maximal random effect structure. Peak dilation was significantly greater in 
AO compared to AV modality (β = -0.76, SE = 0.26, p = .005), indicating greater cognitive effort 
in the AO condition (i.e., an AV benefit). Peak latency was also greater in AO compared to AV 
(β = -2.94, SE = 0.92, p = .001), showing participants were slower to reach their peak dilation in 
the AO modality (i.e., processing took longer when visual cues were not available; Figure 1). No 
significant main effect of Listening condition or significant interaction was found for either metric. 

Thus, as hypothesised, 7-11-year-olds showed an AV benefit for effort when processing spoken 
sentences: When visual speech cues were available, processing was both less effortful and 
faster. There was no interaction with listening condition, contrasting with the hypothesis that any 
benefit would be exaggerated in noise. This may be due to the relatively favourable SNR used 
or extensive variability between participants. Our findings suggest that the effort children expend 
in sentence processing in classroom situations can be reduced, even in quiet conditions, by 
ensuring the speaker’s face is visible. This in turn may result in improvements in performance 
on other tasks which rely on efficient sentence processing, such as important learning activities. 
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Table 1 – Sample sentences used in the   Figure 1 – Mean event-related pupil 
phoneme monitoring task. Target    dilation across trials by modality. AO 
phoneme shown in bold.    modality (blue) and AV modality (red).  
       Curves smoothed using a generalised  
       additive model. 
 

Target 
phoneme 

Sample sentence 

/b/ The ladies put their basket in 
the car. 

/p/ The artist left his paint on the 
floor. 

/ɡ/ The auntie bought a gift for 
the little boy. 

/k/ The girl left the cabbage on 
her plate. 

      

 



Processing subject/object asymmetries in German: case-marking and intervention 
Ankelien Schippers, Margreet Vogelzang & Esther Ruigendijk (University of Oldenburg) 
ankelien.schippers@uni-oldenburg.de 
 
It is well-known that object-gap dependencies are more difficult to process than subject-gap 
dependencies (for German see [1][2][4]). This has been explained in terms of intervention: when 
processing an object dependency, the object crosses the subject, which potentially acts as an 
intervener. Intervention is dependent on the similarity between subject and object: the more similar 
they are, the stronger the intervention effect is. There is an ongoing discussion as to which features 
cause intervention [7]: do any cognitively or perceptually salient features cause intervention (broad 
definition [4]) or do only very specific, syntactic features count (narrow definition)? The latter 
position is taken by [7], who argues that only features that trigger movement cause intervention.  

Previous studies investigating subject/object asymmetries focused on objects with structural, 
accusative case-marking. In this study, we contrast dative direct objects to accusative direct objects 
in German wh-questions and relatives. In German, a limited class of transitive verbs take dative 
objects. These objects behave differently in several respects, which is explained by assuming that 
they are lexically case-marked [5]. This makes an interesting prediction with respect to intervention: 
under a broad definition of intervention, dative objects should be less sensitive to 
intervention than accusative objects, since they decrease the similarity between subject and 
object: whereas the subject has a structural case feature, the object has a lexical case feature: 
 
(1) [Welche-n  Dieb ] attackiert [der Detektiv]   __  (2) [Welche-m Dieb] droht     [der Detektiv] ___ 

Which-ACC thief  attacks   the.NOM detective     Which-DAT thief threatens the.NOM detective 
      [+struct]                                [+struct]                 [+lex]                                [+struct] 

‘Which thief did the detective attack?’           ‘Which thief did the detective threaten?’ 
 

Under a narrow, syntactic definition of intervention, however, there should be no such 
processing advantage for dative objects, since case-marking features do not trigger movement 
and hence do not cause intervention [3]. We tested this hypothesis by comparing dative to 
accusative object extraction, using subject extraction as a baseline and looking for interactions 
between case (accusative vs. dative) and type of argument (subject vs. object) in both wh-
questions and relatives. Examples of all conditions are in Table 1 below. Participants read the 
sentences word-by-word by pressing a button. Each sentence was followed by a true/false 
statement. The data of 39 native German participants who each saw 8 items per condition was 
analyzed using linear mixed effect models. We analyzed residual reading times (Fig. 1-2) at the 
embedded DP (the thief/ detective), where a gap can first be postulated, at the participle 
(threatened/attacked), where the filler is integrated, and at the sentence-final auxiliary (has). At the 
embedded DP, there were no significant effects for either sentence type. At the participle, there 
were no significant effects for relatives, but wh-questions showed a significant interaction between 
case and argument (p < 0.05), due to dative objects being read slower than all other conditions. At 
the auxiliary, there was a significant effect of case for relative clauses only (p < 0.05), due to dative 
conditions being read slower than accusative conditions. Thus, there is a relatively late effect for 
case, which is qualitatively different in relatives vs. wh-questions (main effect vs. interaction). 

Concluding, the results do not provide any evidence for the broad definition of intervention, but 
instead suggest intervention is only caused by very specific, movement attracting features, in line 
with findings by [3]. If any, the results suggest that dative conditions are more difficult than 
accusative conditions. This shows that the parser is sensitive to fine-grained syntactic distinctions 
such as the difference between lexical and structural case, but that this does not play a role in 
intervention. We will argue that the higher processing difficulty for dative conditions is due to a higher 
integration cost at the verb, since dative case-marking can be argued to be more costly than 
accusative case-marking due to the specific mechanisms by which it is assigned.  
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Table 1: Experimental items 
Condition Example 
1. Wh-question, accusative, 
object 

Der Richter fragt, welche-n    Dieb der         Detektiv attackiert hat. 
The judge   asks, which- ACC thief the.NOM detective attacked has 

2. Wh-question, accusative, 
subject 

Der Richter fragt, welche-r     Detektiv  den        Dieb attackiert hat. 
The judge   asks, which-NOM detective the.ACC thief  attacked  has. 

3. Wh-question, dative, 
object 

Der Richter fragt, welche-m  Dieb der     Detektiv   gedroht     hat. 
The judge  asks, which-DAT thief the.NOM  detective threatened has. 

4. Wh-question, dative, 
subject 

Der Richter fragt, welche-r   Detektiv  dem      Dieb gedroht     hat 
The judge  asks, which-NOM  detective the.DAT  thief  threatened  has. 

5. Relative, accusative, 
object 

Das  ist der Dieb, den         der         Detektiv attackiert   hat. 
That is  the thief,  who.ACC the.NOM detective attacked   has. 

6. Relative, accusative, 
subject 

Das  ist der Detektiv,  der           den       Dieb attackiert      hat. 
That is  the detective, who.NOM the.ACC thief   attacked      has. 

7. Relative, dative, object Das  ist der Dieb, dem        der         Detektiv gedroht       hat. 
That is  the thief,  who.DAT the.NOM detective threatened has. 

8. Relative, dative, subject Das ist der Detektiv,  der           dem     Dieb gedroht       hat. 
That is the detective, who.NOM the.DAT thief  threatened has. 

 
Figure 1: Residual reading times wh-questions 

 

 
Figure 2: Residual reading times relatives 

 
References: [1] FIEBACH, C. , SCHLESEWSKY, M., & FRIEDERICI, A.  (2002). Separating syntactic memory costs and syntactic integration costs during parsing: The 
processing of German WH-questions. Journal of Memory and Language, 47(2), 250-272. [2] FRIEDERICI, A., STEINHAUER, K., MECKLINGER, A., & MEYER, M. 
(1998). Working memory constraints on syntactic ambiguity resolution as revealed by electrical brain responses. Biological psychology, 47(3), 193-221. [3] 
FRIEDMANN, N., RIZZI, L., & BELLETTI, A. (2017). No case for Case in locality: Case does not help interpretation when intervention blocks A-bar chains. Glossa: A 
Journal of General Linguistics, 2(1), 33. [4] GORDON, P. C., HENDRICK, R. AND JOHNSON, M. (2001). Memory interference during language processing. Journal of 
Experimental Psychology: Learning, Memory and Cognition, 27: 1411–1423. [5] HAIDER, M. (1985). The case of German. In J. Toman, (Ed.), Studies in German 
grammar (pp. 65-101). Dordrecht: Foris. [6] MENG, M., & BADER, M. (2000). Mode of disambiguation and garden-path strength: An investigation of subject-object 
ambiguities in German. Language and Speech, 43, 43–74. [7] RIZZI, L. (2013). Locality. Lingua, 130, 169-186. 



Lexical Boost from the Subject Noun: The Influence of Task 
Laura Wakeford1, Leila Kantola2 & Roger Van Gompel1 (University of Dundee1; Umeå University2) 

ljzwakeford@dundee.ac.uk 

People are more likely to reproduce a syntactic structure they have just encountered rather than 
construct one anew (see Pickering and Ferreira, 2008). Lexical overlap between prime and 
target can enhance this structural priming effect, termed the lexical boost (LB). In the Implicit 
Learning Model, Chang, Dell & Bock (2006) claim that abstract syntactic priming is the product 
of implicit learning, while the LB occurs because the repeated word in a target sentence 
functions as a memory cue for the prime structure. To test the prediction that the LB is driven by 
explicit memory, we increased the explicitness of the repeated word by allowing participants to 
refer back to the prime and compared this to a task where they could not look back. This was 
achieved by using a sentence completion task (e.g., Desmet & Declercq, 2006; Kantola & Van 
Gompel, 2011; Kaschak, Loney & Borreggine, 2006; Pickering & Branigan, 1998; Scheepers, 
2003) in which participants could either see the previous trial (Experiment 1) or not (Experiment 
2). 
Experiment 1 56 native English speakers completed a booklet of 40 handwritten prime-target 
completions. The prime sentence either encouraged a prepositional object (PO) or a double 
object (DO) ditransitive completion, while the target could be completed as either a PO or DO. 
The subject noun was either repeated between the prime and target or not. Critically, the prime 
was always visible when the target sentence was produced. For example: 

           PO elicitation    DO elicitation  
Prime:   The cleaner lent the {long ladder … ,   the eagerly apprentice …} 
Target:  The {cleaner, painter} showed …  

A higher proportion of PO completions followed PO primes compared to DO primes (58% vs 
51%; p < .05). As shown in Table 1, this effect was driven by cases where the noun was 
repeated (p < .001); indeed, when the noun was not repeated, there was no abstract priming; (p 
= .91). The qualifying interaction between structure and noun repetition was significant (p < .01). 
Experiment 2 was identical to Experiment 1, except that participants were unable to look back 
to the prime, with each sentence being presented one at a time on a computer screen. Forty-
eight native English speakers completed 48 prime-target sentences.  
Again, participants produced more PO completions following PO primes than DO primes (63% 
vs. 54%; p < .001). Critically, as shown in Table 2, structure and noun repetition did not interact 
(p = .84), suggesting that, for this method, there was no noun boost (priming effect for both 
noun repeated and not repeated: p < .05). 
Discussion These results indicate that the subject noun boost is strongly affected by how 
explicit the word repetition is: There is a noun boost when participants can simultaneously see 
the repeated noun in the prime and target, but not when the target is presented on its own. This 
suggests that when participants looked back, the repetition of the subject noun functioned as a 
cue that boosted the activation of the prime structure, whereas no activation boost occurred 
when the repetition was not visually explicit. Interestingly, when participants could look back 
there was no priming in the absence of subject noun repetition. This may be because the 
process of looking back interferes with the prime activation. 
These results are compatible with the Implicit Learning Model, in which the LB is affected by the 
explicitness of word repetition. Our findings also suggest that the subject noun boost effect is a 
highly strategic effect, as it only occurs when participants can simultaneously see the prime and 
target. The strategic nature of the effect may explain why we observed a lexical boost with a 
word that is not the syntactic head of the PO/DO structure (Pickering & Branigan, 1998; cf. 
Scheepers et al, 2017). 
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Appendix 
 
Table 1 Percentages of target PO completions out of all PO and DO target completions for 
Experiment 1. 
 
 

PO prime DO prime priming effect (PO – DO) 
 

Subject noun repeated  60.2  47.1  13.1 
Subject noun not repeated  56.2  55.1  1.1 

 
 
 
Table 2 Percentages of target PO completions out of all PO and DO target completions for 
Experiment 2. 
 
 

PO prime DO prime priming effect (PO – DO) 
 

Subject noun repeated  61.5  50.7  10.8 
Subject noun not repeated  63.8  56.7  7.1 



Ambiguity processing in English natives and non-natives 
Yesi Cheng, Ian Cunnings & Jason Rothman (University of Reading) 

y.cheng2@pgr.reading.ac.uk 
 

The present study aims to contribute to current theoretical debates on the similarities and 
differences between native (L1) and non-native (L2) sentence processing. The Shallow Structure 
Hypothesis (SSH) (Clahsen & Felser, 2006) claims that L2ers have difficulty using syntactic 
information during processing. Others claim L1/L2 differences can be explained in terms of 
working memory retrieval (Cunnings, 2017) or differences in the efficiency of lexical processing 
(Hopp, 2014). We investigated how L1 and L2 speakers of English process syntactic ambiguity in 
English relative clauses (RC), using an offline comprehension task and an online eye-tracking 
during reading study. In the offline task, participants indicated their attachment preferences for 
ambiguous sentences similar to (1a) and (2a). The eye-tracking experiment manipulated position 
of RC, so that it appeared either in subject position (1) or object position (2). Gender congruency 
with a reflexive was used to force either low attachment (1b/2b) or high attachment (1c/2c). 
Previous L1 studies (e.g. Van Gompel et al., 2005) have demonstrated an “ambiguity advantage”, 
with L1ers having shorter reading times for ambiguous sentences like (1a/2a) than sentences 
where the RC is forced to attach either low (1b/2b) or high (1c/2c). This suggests L1ers may not 
have a strong low attachment preference. We employed a similar design to test whether L2ers 
also show this advantage. Individual differences tasks that measure L2 proficiency, working 
memory and lexical processing speed were also conducted. 

We recruited 66 L1ers and 66 L2ers with intermediate to advanced levels of English 
proficiency, from an L1 that prefers high attachment (Spanish, Italian, Greek, French, German, 
Dutch, Arabic and Russian). All the L2ers started to learn English as a foreign language at school 
from age 4 onwards. The behavioural results indicate both L1 and L2ers exhibited a strong low 
attachment preference for RCs in both positions (Figure 1), but the preference was stronger for 
object position compared to subject position. Also working memory was positively correlated with 
the low attachment preference in both groups. The eye-tracking data at the critical region (Figure 
2) suggested a low attachment preference in L1 and L2ers as they had significantly longer total 
reading times for high attachment compared to low attachment and ambiguous condition, 
irrespective of whether the RCs were in subject or object position. The same preference was 
also seen in other measures, including regression path times and total reading times at the 
post-critical region (“some books”) in both groups. The current results show that offline 
processing was modulated by RC position and working memory. Also, L2ers employed the same 
parsing principle as L1ers during offline and online processing as they both preferred attaching 
low over high, which stands in contrast to SSH. This finding suggests that participants employed 
a parsing principle that preferred local attachment to minimise cognitive load in L1/L2. 

Further analysis will be conducted to examine whether working memory, lexical automaticity 
and L2 proficiency, as a covariate, play a role in real-time ambiguity resolution. These analyses 
will help us examine whether individual differences influence attachment preferences in L1 and 
L2ers to a similar degree. Implications for theories of L1/L2 processing will also be discussed. 
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Examples. 
Subject position 
(1a) The brother of the man who bought himself some books lived here. (ambiguous) 
(1b) The sister of the man who bought himself some books lived here. (low attachment) 
(1c) The brother of the lady who bought himself some books lived here. (high attachment) 
Object position 
(2a) We knew the brother of the man who bought himself some books. (ambiguous) 
(2b) We knew the sister of the man who bought himself some books.  (low attachment) 
(2c) We knew the brother of the lady who bought himself some books. (high attachment) 

 
Figure 1. Low Attachment Preferences in the Offline Task 

 
Figure 2. Total Reading Times at the Reflexive 



Inflexible structural priming in flexible word order language 
Eunkyung Yi (Seoul National University) & Hongoak Yun (Jeju National University) 
yieunkyung@snu.ac.kr 

Structural priming, speakers’ tendency to reuse a previously used syntactic structure, has been 
considered a purely syntactic phenomenon. More recently, studies showed semantics, in 
particular, verb meaning and event structure can also modulate structural priming (Yi & Koenig 
2016, Ziegler et al. 2018). This is aligned with one of the major findings in Lexical Semantics 
that verb meaning determines sentence structure to a great extent (Green 1974). Namely, once 
a speaker chooses a verb to convey a message, it also determines sentence structure. Thus the 
overlap in verb meaning facilitates syntactic repetition. Note that these results were obtained 
mostly in head-initial languages with fairly fixed word order like English. The proposed process 
is particularly reasonable in this type of language as sentence production unfolds incrementally 
and a verb occurs early in a sentence.  

This study aims to investigate whether verb meaning also modulates structural priming in a 
typologically different language, i.e. head-final and flexible word order. Speakers produce a verb 
at the end of a sentence and can change the order of phrases preverbally. We conducted two 
structural priming experiments in Korean with dative (give-type) and source (receive-type) 
constructions that allow syntactic alternations as in (1). They differ in verb meaning but share 
the same set of syntactic structures and functional markers (i.e. -eykey is ambiguous between 
recipient and source marking). If Korean and English sentence production mechanisms are 
similar to each other, we expect to find semantic overlap in verb meaning additionally facilitates 
structural priming as shown in previous studies. If not, we expect different production patterns. 

In Experiment 1, we conducted a picture description study where participants read out loud 
one of four types of prime sentences (give-type+struc1, give-type+struc2, receive-type+struc1, 
and receive-type+struc2) and described a picture which can be interpreted as both give- and 
receive-type events. We analyzed the data using mixed-effects logistic regression with subject 
and item as random variables. We found a significant priming effect in structural manipulation 
but no effect in semantic manipulation. Speakers produced more struc2 when target pictures 
were preceded by struc2 than when preceded by struc1 (b=0.72, z<.05) regardless of semantic 
types. In Experiment 2, we used a different structural priming methodology, i.e. sentence recall 
and RSVP, to further verify the result of Experiment 1. Target sentences were read in struc1 and 
preceded by either give-type+struc2 or by receive-type+struc2. Priming effect was measured by 
structural shift in target recall. Namely, if priming occurs, prime sentence recalls in struc2 is 
followed by targets misrecalled in struc2 as well. We found a significant effect in give-type 
primes both when targets were give-type (b=4.75, p<.05) and when they were receive-type 
(b=3.74, p<.05), but receive-type primes had no effect regardless of semantic types in targets. 
Again, the result showed no evidence for semantic structural priming in Korean.  

The results showed that purely syntactic structural priming effect is robust in Korean while 
prior processing of verb meaning does not modulate speakers’ upcoming structural choice. It 
suggests that sentence structure is not as strongly linked with verb semantic representations in 
Korean as in English and also that structural processing is more independent of semantic 
processing in Korean than in English. Our results agree with the previous finding in Korean 
sentence processing that speakers do not show verb interference effects, do not initially fixate 
on the action/verb region of a picture when producing a sentence (Hwang & Kaiser 2014). 
These results together suggest that sentence production mechanisms underlying Korean are 
qualitatively different from those for English. 
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Example Stimuli 
(1) a. Give-type verbs 
     Structure1 Jisu-ka       Sumi-eykey  gong-ul    cwu-ta  
   Jisu-NOM  Sumi-DAT    ball-ACC  give-DECL 
     Structure2 Jisu-ka      gong-ul     Sumi-eykey  cwu-ta  
   Jisu-NOM  ball-ACC  Sumi-DAT    give-DECL 
   ‘Jisu gives a ball to Sumi’ 
 b. Receive-type verbs 
     Structure1 Jisu-ka      Sumi-eykey        gong-ul     pat-ta  
   Jisu-NOM Sumi-SOURCE   ball-ACC  receive-DECL 
     Structure2 Jisu-ka       gong-ul    Sumi-eykey    pat-ta 
   Jisu-NOM  ball-ACC  Sumi-SOURCE   receive-DECL 
   ‘Jisu receives a ball from Sumi’ 

(2) An example target picture in Experiment 1 
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ERPs and Artificial Mini-Grammars in Third Language Transfer/Learning 
Jorge González Alonso (UiT The Arctic University of Norway), José Alemán Bañón (Stockholm 

University), Vincent DeLuca (University of Birmingham), David Miller (University of Illinois at 
Chicago), Sergio Miguel Pereira Soares (University of Konstanz), Eloi Puig-Mayenco (University 

of Reading), Sophie Slaats (Basque Center on Cognition, Brain and Language) & Jason 
Rothman (UiT The Arctic University of Norway & Universidad Nebrija) 

jorge.gonzalez.alonso@uit.no 
 

Studies employing a violation paradigm with EEG recording have typically found that 
morphosyntactic gender and number agreement violations elicit P600 responses in native 
speakers (e.g., Osterhout & Mobley, 1995). In L2 learners, such violations have often been shown 
to elicit qualitatively similar effects albeit conditioned as a function of proficiency (e.g., Alemán-
Bañón et al. 2013). Indeed, L1/L2 differences impact processing at low proficiency (e.g., Tokowicz 
& MacWhinney, 2005) as well as the rate of development to native-like processing (e.g., Alemán-
Bañón et al., 2014), such that agreement violations of features present in the L1 elicit earlier (in 
proficiency) and more robust P600 responses than do those of novel features. However, research 
also shows that features not instantiated in the L1, such as grammatical gender in English-
speaking learners of a Romance language, can eventually elicit P600 effects in higher proficiency 
(e.g., Alemán-Bañón et al., 2014; Foucart & Frenck-Mestre, 2012).  

The above facts set the backdrop for applying the ERP method to studies examining 
transfer source selectivity in L3/Ln acquisition. Multilingual settings contribute a window into the 
dynamics of previous language influence that L2 studies cannot possibly capture, since different 
previous languages can contribute divergent, even conflicting configurations for different 
grammatical properties, beyond their presence or absence in the grammar. To investigate these 
dynamic influences, we constructed two artificial languages (ALs) lexically based in English and 
Spanish, respectively, with no cognate words involved. Crucially, both languages display both 
number (present in both Spanish and English) and gender (unique to Spanish) agreement 
between determiners and nouns, and between nouns and adjectives. In both ALs, these are 
marked with phonotactically plausible novel morphology, distinct from English or Spanish 
morphemes. The ALs were composed by crossing 12 nouns and 12 adjectives, yielding 144 
sentences presented in three different conditions: grammatical (baseline), number violations, and 
gender violations. Violations were always realized on the predicative adjective, in sentences like 
(1). 51 native speakers of Spanish, highly advanced in L2 English, participated in the experiment. 
After receiving implicit training in one of the ALs (Mini-Spanish, N=26; Mini-English, N=25), 
participants were tested behaviorally to a criterion of 80% accuracy in number and gender 
agreement. Once this threshold was reached, the critical sentences were presented in RSVP 
while participants’ brain responses were recorded through EEG. 

Results (Fig. 1) show no effects for either group in the N400 time window (200-500 ms 
post-onset of the critical adjective; all p > .05), but significant effects in the P600 time window 
(500-850 ms) for both types of violations, in both AL groups (all p < .01). These only show a 
trending interaction with caudality (p = .052), whereby higher amplitudes were elicited at posterior 
electrodes, in the Mini-English group. No further interactions were significant. These results could 
reflect Spanish transfer in both cases, consistent with default transfer from the L1 (Hermas, 2010) 
and with proposals that any language can be used for transfer if it facilitates (Flynn et al., 2004), 
or they could reflect learning of the domain anew (but not from Spanish transfer) in the course of 
the experiment. These effects were not necessarily expected for the Mini-English group, given 
that transfer from the lexically more similar English would have been predicted, under proposals 
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prioritizing overall typological similarity, as the parsing cue for holistic transfer (Rothman, 2015). 
Ongoing work to tease out these possibilities, which will be completed before CUNY, involves two 
groups of monolingual English speakers, who have no recourse (from previous experience) to 
transfer knowledge of gender agreement, being trained in both ALs. If they perform like the two 
L3 groups, we will have evidence that the learning of gender was possible in the experiment itself. 
If not, results will support facilitative transfer effects in L3/Ln acquisition. 
  



   
(1) Ze                   camion                es  ∗car-eju                   y ze reloj tambien. 

     the-MASC-SG       truck-MASC-SG         is    expensive-FEM-SG    and the watch too. 

 

Example (1) of a gender violation in Mini-Spanish. 

 

 

 

Figure 1. ERP responses at electrode Cz for number and gender violations in Mini-English 
(upper row) and Mini-Spanish (bottom row). 



Focus scope marked by “only” influences syntactic attachment 
David Potter & Katy Carlson (Morehead State University) 
k.carlson@moreheadstate.edu 
 
In addition to the known effects of prosodic boundaries on attachment (e.g., Watson & Gibson 
2005), evidence has been mounting that accents also influence attachment (Schafer et al. 1996, 
Lee & Watson 2011, Carlson & Tyler 2018). But why do accents on the head of an attachment 
site draw the attachment of an ambiguously-attached phrase: is it that the accent makes an 
attachment site more salient? Or is it that the accent indicates focus on a phrase, which makes 
it important to the sentence and draws attachment? We present evidence from studies with only 
in support of a focus-based theory in which focus scope actually draws attachment. 
 In Experiment 1 (N=41), a written questionnaire study, 20 sentences like (1) appeared 
with only before a) the first verb (V1: claimed) or b) the second (V2: lied), and a long final 
adverbial phrase to encourage high attachment. Participants selected between paraphrases 
clarifying the adverbial attachment. With only before V1, 62% of responses chose attachment to 
V1, vs. 27% high attachment with only before V2, a significant difference.  
 Experiment 1 provides evidence for the focus-based explanation of accent effects on 
attachment, since a focus particle like only does influence the focus structure of sentences but 
does not clearly influence the salience of an attachment site as an accent does. But there is 
some ambiguity about what is focused in a sentence like (1), especially when only precedes the 
first verb. Only requires a focus within its scope (Rooth 1992, Krifka 2006), and so various 
elements could have been taken to be focused, including the entire lower VP, just the nearest 
verb (claimed), the complement of that verb (that Alex …), or the final adverbial phrase itself.  

In Experiment 2 (N=28), a completion study, sentences like (2) without an adverbial 
phrase appeared with the start of a contradictory clause. Names varied in gender so that the 
pronoun disambiguated the level of the continuation, which matched the position of only. 
Completions were annotated for what previous constituent they contrasted with, as an indicator 
of where focus was taken to be. With low only (2b), basically all completions contrasted with just 
the V2/VP2 and there was little ambiguity because most second verbs were intransitive. With 
high only (2a), contrasts varied, with only 9% V1 contrasts and the majority evenly divided 
between whole VP1 contrasts and complement clause contrasts. This suggests that the 
Experiment 1 results were not due to a focused element itself attracting attachment, especially 
not V1, as that is not a common contrast. Also, a focused VP1 contains both V1 and the entire 
lower clause including V2, and so being drawn to VP1 would be compatible with both high and 
low attachment. Instead, these results suggest that attachment is attracted to the position at 
which focus scopes, which is unambiguously marked by the position of only.  

Experiment 3 (N=53) tested this explanation using the conditions in (3): conditions (c-d) 
accented either V1 or V2 without only, while conditions (a-b) varied accent position but also 
contained only before V1. If the position of focal scope draws attachment, then high focus scope 
in (a-b), marked by only, should draw high attachment, regardless of where the focus (accent) 
appears. Without only, the accented V1 in (c) must scope high, but an accented V2 as in (d) is 
compatible with either high or low focus scope. Thus, we should see more high attachment in 
(c) than in (d). Indeed, that was what we found: V1 attachments were around 50% in both (a-b) 
with no significant difference, but differed significantly in conditions (c-d) following the position of 
accent. 

Overall, then, our results show that focus, rather than salience, is integral to 
understanding the effects of both accents and focus particles like only on attachment. Further, it 
appears that focused constituents or heads do not directly draw attachment, but rather that 
attachment is drawn to the position at which these focused constituents scope. 
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(1)  
a. Kathie only claimed that Alex had lied in an email exchange with the manager. 62% high 
b. Kathie claimed that Alex had only lied in an email exchange with the manager. 27% high 
 
(2)  
a. Kathie only claimed that Alex had lied, she didn’t ________________.  
b. Kathie claimed that Alex had only lied, he didn’t _________________. 
 
(3) 
a. Kathie only CLAIMED that Alex had lied ip on Monday.  49% V1 attach 
b. Kathie only claimed that Alex had LIED ip on Monday. 50% V1 attach 
c. Kathie CLAIMED that Alex had lied ip on Monday. 45% V1 attach 
d. Kathie claimed that Alex had LIED ip on Monday.  37% V1 attach 
 
References: 
Carlson, K., & Tyler, J. C. (2018). Accents, not just prosodic boundaries, influence syntactic 

attachment. Language and Speech, 61, 246-276.  
Krifka, M. (2006). Association with focus phrases. In Valerie Molnar & Susanne Winkler (eds.), 

The architecture of focus, 105-136. Berlin: Mouton de Gruyter. 
Lee, E.-K., & Watson, D. G. (2011). Effects of pitch accents in attachment ambiguity resolution. 

Language and Cognitive Processes, 26, 262-297. 
Rooth, M. (1992). A theory of focus interpretation. Natural Language Semantics, 1, 75-116. 
Schafer, A. J., Carter, J., Clifton, C., Jr., & Frazier, L. (1996). Focus in relative clause construal. 

Language & Cognitive Processes, 11, 135-163.  
Watson, D., & Gibson, E. (2005). Intonational phrasing and constituency in language production 

and comprehension. Studia Linguistica, 59, 279-300. 



ZWgen: A Python-based Chinese lexical stimuli generator 

Mingyu Yuan (The Chinese University of Hong Kong) 

zimine@link.cuhk.edu.hk 

 

Recent research has developed various Chinese lexicon databases focusing on different 

aspects. For example, Cai and Brysbaert (2010) provided SUBTLEX-CH — a Chinese word and 

character corpus sourced from film subtitles. Sze, Liow and Yap (2014) and Tse et al. (2017) 

released two versions of the Chinese Lexicon Project — a database of lexical decision 

performance on Chinese compound words. An integrated database that incorporates all of 

these data is lacking at this moment. Furthermore, the standard of selecting Chinese stimuli is 

crucial in the lexical decision task. However, previous research did not standardize the stimuli 

generation criteria due to the lack of resources. Forster (2000) proposed that the ultimate 

solution is automatic stimuli selection by the computer. Such platforms as the English Lexicon 

Project (Balota et al., 2007) now provides such automatic selection service, but for English and 

several alphabetic languages only. Combining features of multiple databases, this study 

provides an attempt to automatically generate Chinese lexical stimuli. ZWgen — the python-

based generator consists of a variety of lexical features that focus on orthographic, 

phonological, morphological and syntactic aspect, including but not limited to character stroke 

number, orthographic neighbourhood size, homophone density and frequency of homophones. 

By manipulating these lexical features, ZWgen will automatically return lexical items that meet 

the selection criteria. Furthermore, ZWgen also generates pseudo-word stimuli by randomly 

combining two Chinese character together and cross-check the combined word with a Chinese 

dictionary to ensure that the combined word does not make sense. Currently, the generator is 

written in Python and executed on a Jupyter Notebook. The application will be available soon for 

public users.  
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�,Q��GHILQLWHV� �DQWL��XQLTXHQHVV� DQG XQLTXHQHVV H[SHFWDWLRQV
1DGLQH %DGH 8QLYHUVLW\ RI 7XHELQJHQ

)ORULDQ 6FKZDU] 8QLYHUVLW\ RI 3HQQV\OYDQLD

6XPPDU\ 8VLQJ $ LQ QRXQ SKUDVHV VXFK DV $ IDWKHU RI WKH YLFWLP LV RGG� ZKLFK LV FRPPRQO\
H[SODLQHG E\ WKH SULQFLSOH 0D[LPL]H 3UHVXSSRVLWLRQ� UHTXLULQJ VSHDNHUV WR XVH WKH DOWHUQDWLYH ZLWK
WKH VWURQJHVW SUHVXSSRVLWLRQ �KHUH WKH� JLYHQ LWV XQLTXHQHVV SUHVXSSRVLWLRQ�� 7KLV UHVXOWV LQ DQ
DQWL�XQLTXHQHVV LQIHUHQFH IRU $ �FODVKLQJ ZLWK VWHUHRW\SLFDO H[SHFWDWLRQV LQ WKH H[DPSOH DW KDQG��
VRPHWLPHV ODEHOOHG DV DQ µDQWL�SUHVXSSRVLWLRQ¶ �3HUFXV ������ DV LW GHULYHV IURP UHDVRQLQJ RYHU WKH
SUHVXSSRVLWLRQV RI DOWHUQDWLYH IRUPV� :H FRPSDUH WKHVH LQIHUHQFHV WR WKH XQLTXHQHVV LQIHUHQFHV
DVVRFLDWHG ZLWK GHILQLWHV� ZKLOH PDQLSXODWLQJ XQLTXHQHVV H[SHFWDWLRQV LQ D SLFWXUH PDQLSXODWLRQ
WDVN XVLQJ YLVXDO ZRUOG H\H�WUDFNLQJ� 7KLV RIIHUV D PLQLPDO FRPSDULVRQ RI XQLTXHQHVV�EDVHG LQ�
IHUHQFHV WKDW DUH OH[LFDOO\ HQFRGHG YV� SUDJPDWLFDOO\ LQIHUUHG� DQG IXUWKHUPRUH WHVWV WKH SUHGLFWLRQ
WKDW WKH DFFRPPRGDWDELOLW\ RI LWV SUHVXSSRVLWLRQ �5RXLOODUG 	 6FKZDU]� ������ SOD\V D UROH LQ WKH
GHULYDWLRQ RI DQWL�XQLTXHQHVV LQIHUHQFHV�

([SHULPHQW 3DUWLFLSDQWV �Q ��� SOD\HG D VLPSOH JDPH ZKHUH WKH\ ZHUH SURYLGHG ZLWK GHVFULS�
WLRQV �FRQWDLQLQJ LQGHILQLWH RU GHILQLWH DUWLFOHV� RI VSLOOV WKDW KDSSHQHG LQ GLIIHUHQW URRPV� DQG WKHQ
KDG WR WU\ WR EHVW PDWFK WKH GHVFULSWLRQ E\ GUDJJLQJ D VSODVK UHSUHVHQWLQJ D VSLOOHG EHYHUDJH WR
RQH RI WZR URRP VHWWLQJV� ZKLFK GLIIHUHG LQ ZKHWKHU WKH\ FRQWDLQHG RQH RU WZR UHOHYDQW REMHFWV�
��� 3HWHU VSLOOHG ZLQH RQ ^D� WKH` ^79� SLOORZ` LQ WKH OLYLQJ URRP�

0RUHRYHU� WKH UHIHUHQFHG REMHFWV ZHUH YDULHG ZLWK UHJDUGV WR ZKHWKHU WKH\ ZRXOG EH W\SLFDOO\
XQLTXH �H�J�� 79� RU QRW �H�J�� SLOORZ� LQ WKH JLYHQ VHWWLQJ �H�J� OLYLQJ URRP� VHH )LJ� ���� DV HV�
WDEOLVKHG E\ D QRUPLQJ VWXG\ �DVNLQJ �� QDWLYH VSHDNHUV RI (QJOLVK ´+RZ W\SLFDO LV LW WKDW WKHUH LV
H[DFWO\ RQH 79 LQ D VWDQGDUG OLYLQJ URRP"´�� 3LFWXUH FKRLFHV� UHVSRQVH WLPHV DQG H\H�PRYHPHQWV
ZHUH WUDFNHG GXULQJ WKH WDVN�

�D� 3LF� �E� 3LF�

)LJXUH �� �W\SLFDOO\ XQLTXH� {7KH � $} SLOORZ� 8QLTXH 'HI�
�3LF�� DQG 1RQ�XQLTXH ,QGHI� �3LF�� 7DUJHWV�

�D� 3LF� �E� 3LF�

)LJXUH �� �W\SLFDOO\ XQLTXH� {7KH � $} 79� 8QLTXH 'HI�
�3LF�� DQG 1RQ�XQLTXH ,QGHI� �3LF�� 7DUJHWV�

3DUWLFLSDQWV DOVR ZHQW WKURXJK D EULHI FRQVWUDLQHG SURGXFWLRQ SKDVH� ZKHUH WKH\ KDG WR GUDJ
ZRUGV WR IRUP D VHQWHQFH RI WKH IRUP DERYH WR GHVFULEH D SURYLGHG SLFWXUH� 7KLV ZDV LQWHQGHG WR
HQJDJH WKHP ZLWK WKH WDVN PRUH E\ VHHLQJ ERWK VLGHV RI WKH JDPH� DQG WR KLJKOLJKW WKH DOWHUQDWLYH
FKRLFHV EHWZHHQ GHWHUPLQHUV LQ UHODWLRQ WR WKH QXPEHU RI UHOHYDQW REMHFWV LQ WKH SLFWXUH� 3URGXFWLRQ
DQG FRPSUHKHQVLRQ EORFN RUGHU ZDV FRXQWHUEDODQFHG DFURVV SDUWLFLSDQWV�

5HVXOWV ,Q OLQH ZLWK SUHYLRXV UHVXOWV DQG LWV DVVXPHG SUDJPDWLF VWDWXV� WKH DQWL�XQLTXHQHVV
LQIHUHQFH RI LQGHILQLWHV LV OHVV UHDGLO\ DYDLODEOH� DQG OHVV UREXVW WKDQ WKH XQLTXHQHVV LQIHUHQFH
RI GHILQLWHV� 7KLV LV ZLWQHVVHG E\ �L� ORZ SURGXFWLRQ µDFFXUDF\¶ LQ WKH LQLWLDO SURGXFWLRQ EORFN �)LJ�
��� ORZHU RYHUDOO FRPSUHKHQVLRQ DFFXUDF\� DQG ELJJHU VXVFHSWLELOLW\ WR SODXVLELOLW\ HIIHFWV ELDVLQJ
DJDLQVW PXOWLSOH LQVWDQFHV RI VWHUHR�W\SLFDOO\ XQLTXH REMHFWV� HVSHFLDOO\ LQ WKH LQLWLDO FRPSUHKHQVLRQ
EORFN� VHH )LJ� � �VWDWLVWLFV LQ WKH FDSWLRQV ZHUH GRQH XVLQJ OLQHDU PL[HG HIIHFW PRGHOV LQ 5� ZLWK
LWHP� FRQGLWLRQ DQG VXEMHFWV DV UDQGRP VORSHV��
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Personae in syntactic processing: Socially-specified agents bias expectations of verb transitivity
June Choe, Shayne Sloggett, Masaya Yoshida, & Annette D’Onofrio (Northwestern University)
donofrio@northwestern.edu

Recent work in sociolinguistic perception has demonstrated that a speaker’s holistic persona, or social
type, shapes how their speech is processed [1]. However, though much work has demonstrated that
sentence processing incorporates extra-linguistics factors (e.g. lexical frequency [2], gendered stereotypes
[3], world knowledge [4]), less is known about how social constructs affect syntactic structure building.
This study explores how persona-based stereotypes influence syntactic ambiguity resolution. In three
experiments, we show that personae create bias toward transitive or intransitive VP-structures (Expts 1
and 2) which influence the early stages of sentence comprehension (Expt 3).

24 ambiguously transitive verbs were paired with two personae each. These personae were intended
to induce an intransitive interpretation (I-personae) or a transitive interpretation (T-personae). Expt1
confirmed that personae had the intended bias relative to a neutral baseline ("person") using a sentence-
fragment completion task (n=150). Fragments consisted of a persona-verb pair, with the verb in past-
progressive tense, as in (1). Expt 2 used the persona-verb pairs in a naturalness rating task (n=120).
Each pair was crossed with a manipulation of whether the verb had a direct object (DO) or not,
yielding the four conditions in (2). Sentences were rated on a scale from 1 (unnatural) to 7 (natural).

(1) The
!hippie

bully
person

"
was tripping (2) The

#
hippie
bully

$
was

#
tripping.

tripping the boy.

$

Figure 1 summarizes the results of Expts 1-2. In Expt 1, T-personae produced more DO completions
than I-personae (p<0.0001), while neutral person agents fell in between (p<0.05). In Expt 2, All four
conditions had ratings on the natural half of the scale (ratings 5-7), indicating that incongruent personae-
verb pairings were not completely unnatural. This suggests that such pairings do not constitute complete
violations of world knowledge. There was also a significant cross-over interaction such that T-personae
were rated higher for sentences containing DOs, while I-personae were higher for sentences without DOs.
Together, these findings demonstrate that stereotypes surrounding the behaviors of specific personae
influence the preferred interpretation of ambiguous verbs.

Expt 3 adapted these persona-verb pairs to test whether transitivity bias impacts the early stages
of sentence comprehension and recovery from syntactic misanalysis. 24 items patterned on (3) were
constructed for an eye-tracking while reading study (n=55). Sentences consisted of an adjunct clause
containing an ambiguously transitive verb, and either an I-persona, or a T-persona subject. We then
manipulated the presence/absence of a post-adjunct comma. When present, the comma forces an
intransitive analysis of the adjunct-clause verb. Without a comma, comprehenders may misinterpret the
main-clause subject as the DO of the adjunct-clause verb. If so, they should be surprised to encounter
the main-clause verb, as indexed by longer reading times [5]. If personae are guiding comprehenders’
parsing decisions, we expect that this penalty should be ameliorated when the adjunct-clause subject
was intransitively biased.

(3) While the
#

surfer
craftsman

$
| was tanning(,)| the leather bracelet| on the table| fell| onto the ground.

Figure 2 gives the by-subject means at the main-clause subject and verb regions, with the results of
mixed-effects modeling presented in Table 3. We observe three noteworthy findings. First, the main-
clause verb was read more slowly (go-past, total time ) in the absence of a comma, indicating that
readers preferentially adopted a transitive analysis when it was available. Second, when the adjunct-
clause subject was transitively biased, first pass and go-past reading of the main-clause was impeded
in the presence of a comma, but facilitated in its absence. This suggests that (i) persona bias rapidly
impacted comprehenders preferred analysis of the adjunct clause verb; (ii) they nevertheless adopted a
transitive analysis given subsequent input. Finally, we see that T-persona subjects inhibited recovery
from syntactic misanalysis, as reflected in total reading times of the main-clause subject and verb.

In sum, we show that persona-based expectations influence both off-line, and on-line interpretations
of ambiguous verbs. However, our findings suggest that personae provide imperfect cues for on-line
comprehension: bottom up structural factors interact with personae to produce complex reading behavior
indicative of a role for personae at several stages of comprehension.
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Figure 1: Mean by-item proportion direct object completions in Experiment 1, and mean by-subject
z-score transformed naturalness ratings in Experiment 2. Error bars represent standard error.

Expt 1
β̂ p

Person 1.16 <.05
T-persona 3.29 <.0001

Table 1: Results of a mixed-effects logistic
model fit to proportion DO responses by ex-
periment condition.

Expt 2
β̂ p

DO -0.346 <.0001
Persona -0.162 <.05

DO×Persona 0.619 <.0001

Table 2: Results of a mixed-effects linear model
fit to z-transformed naturalness ratings.

Figure 2: By-subject mean first pass, go-past, and total reading times at the main clause subject (“the
leather bracelet”) and verb (“fell”) regions in Expt 3. Error bars represent standard error (n=55).
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Subject Region Verb Region
First Pass Go-Past Total Time First Pass Go-Past Total Time

Persona 0.25 0.46 2.56 0.38 0.64 4.16
Comma 1.64 0.02 6.22 0.20 3.70 5.59

Persona×Comma 2.00 2.58 0.37 0.26 0.67 1.42

Table 3: T-value results of mixed effects models fit to eye-movement measures in Expt 3.
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Online processing of an elided r-expression 
Kathleen Hall & Masaya Yoshida (Northwestern University) 
KathleenHall2018@u.northwestern.edu 
Vehicle Change: Ellipsis constructions tolerate mismatch between the ellipsis site and the 
antecedent ([1]). For example, in (1), although the possessor NP in the antecedent is John's, 
the VP-ellipsis site (VPE-site) presumably contains his. This must be the case because, if the 
possessor NP in the VPE-site is John's, co-reference between the subject pronoun and the 
possessor NP should be impossible (*He1 loves John1's dog.) [2] 
(1) Mary [VP loves John's dogs] and he1 does [VP love his1 dog] too 
This particular mismatch is called Vehicle Change (VC) effect ([1,3]). The VC effect poses an 
interesting challenge to incremental parsing. In the resolution of the VPE-site, the parser needs 
to identity the antecedent and retrieve the content of that antecedent ([4]). In (1), the antecedent 
is the VP [VP loves John's dog]. However, to resolve and interpret the VPE-site in (1) (the VC-
reading), the parser needs to 'convert' the retrieved name John to a pronoun his. Is the VC-
reading accessed by the parser in the first place, and if so, how does the parser achieve this? 
This Study: How can we test the VC-effect in online reading? We propose to investigate the 
availability of the VC-reading to the parser by testing the backward VPE construction as in (2). 
(2) Since he didn't [VPE ø] loudly, the students [VP said Norman's name] clearly.  
In (2), the VPE-site is in the adverbial clause (Since...). In this configuration, the only 
appropriate antecedent for the VPE-site is [VP said Norman's name] in the second clause. If the 
parser recovers the content of the antecedent VP as is into the VPE-site [5] then it obtains [S he 
didn't [VP say Norman's name] clearly]. Importantly, the subject of the first clause is a pronoun 
he. [6] shows that in this backward pronoun configuration, the parser tries to link the pronoun to 
the name as soon as possible only when the pronoun does not c-command the name. In (2), the 
recovered VP includes the name Norman's and it is c-commanded by the pronoun. If Norman’s 
is present unchanged then the parser should not try to link the pronoun to the name. 
Alternatively, if the parser can convert the name to a pronoun to achieve the VC-reading, then 
the parser obtains [S he didn't [VP say his name] clearly], where linking is possible. Thus, if the 
VC-reading can be obtained online, it is likely that the pronoun is linked to the recovered 
pronoun. These processes should take place when the parser encounters the VP in the second 
clause. Thus, we should observe the effect of VPE-resolution in the area of the second VP. 
Experiment: An eye tracking while reading experiment was conducted, in which the position 
of a pronoun (Nominative vs. Possessive) and the gender congruency of the pronoun and a 
potential antecedent (Match vs. Mismatch) were manipulated in 2x2 factorial design. In 
conditions (3a/b) the pronoun is in a position to c-command the R-expression ‘Norman’, which is 
illicit if the R-expression remains as is. In conditions (3b/d) there is a gender mismatch between 
the pronoun and the R-expression of the elided material. Adopting [6]’s methodology ,if the 
parser attempts to link the pronoun to an antecedent of mismatching gender a slowdown is 
predicted (Gender Mismatch Effect, GMME) [7].If VC occurs, then a GMME is predicted for both 
(3b/d), however, if no VC has occurred, then ‘Norman’ should be unavailable to resolve the 
pronoun in (3a,b), and only a GMME in (3d) is predicted. 
3.a./b.Since he/she didn't loudly, the students said Norman's name clearly, and Nathan/Nancy... 
c./d.Since his/her teacher didn't loudly, the students said Norman's name clearly, and Nancy... 
Model comparison revealed a main effect of Gender at the second spillover region (“and 
Nathan/Nancy”) in first pass duration (X2 = 7.5, p<.01) and a marginal effect in first fixation time 
(X2 = 4.3, p=.08), such that gender mismatch elicited longer durations. 
Conclusion: The observation of a GMME in both (3b,d) indicates that the parser attempts to 
link the pronoun to the recovered material, providing evidence that VC has occurred. This result 
suggests that new material is introduced during the resolution of ellipsis, namely that the R-
expression becomes pronominal during online sentence processing. 
 

norielleadricula
Text Box
Poster Session C: Saturday, 2:55 - 4:40 PM, 
Location: East & West End Rooms, #C41



References:[1] Merchant (01) [2] Chomsky (81); [3] Fiengo and May (94); [3] Merchant (01);[4] 
Martin and McElree (08); Frazier and Clfton (01); [6] Kazanina et al. (07) JML; [7] Sturt (03) 
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Grammatical Factors in Morphological Processing: Evidence from Allomorphy 
Daniil Bondarenko, Onur Özsoy & Itamar Kastner (Humboldt-Universität zu Berlin) 

bondared@hu-berlin.de 
 
Introduction: Research into language processing often makes reference to two levels of            
analysis: the domain-general level characterised by quantitative-distributional factors        
(“subsymbolic” in Hay and Baayen 2005), and the domain-specific, grammatical level. Schools            
of thought differ in whether, and to what extent, the latter should be reduced to the former. Many                  
studies of lexical processing have taken a strongly distributional view (Baayen et al, 2011), in               
which grammatical factors are given little explanatory power. Understanding which grammatical           
factors do play a role beyond distributional effects has thus received limited attention (Marantz,              
2013). Here, we show how grammatical information, namely sensitivity of a stem to contextual              
allomorphy, can be integrated into a model of lexical processing, implying a role for both               
distributional and grammatical factors. 
Lexical processing: Work on the processing of morphology has identified a range of factors              
influencing lexical recognition. Many of these are quantitative-distributional factors such as           
Frequency (Taft 1979) and Inflectional Entropy of a lemma (Moscoso Del Prado Martín et al,               
2004), which are calculated over entire lexicons. Grammatical characteristics, such as           
(ir-)regularity, can be modeled as separate levels of representation in the mental lexicon             
(Crepaldi et al, 2010) or as points on a scale (Baayen and Moscoso del Prado Martín 2005,                 
Fruchter et al 2013). Our study focuses on allomorphy , where a morpheme has distinct              
variants in distinct environments, such as the phonological or sentential context. English            
irregular verbs have allomorphs like go~went~gone which are (morpho)-syntactically         
conditioned, e.g. by tense. This kind of allomorphy also extents to certain nouns and adjectives               
(e.g. good~better~best). Conversely, allomorphy of the indefinite article (a~an ) is          
phonologically conditioned: the first segment of the following word determines the shape of the              
allomorph. This type can also be seen in the realization of the plural suffix, cats ~dog s ~walruses               
(/ts/~/gz/~/səz/). Many other words show no allomorphy (e.g. to, walking , happy). The current             
study investigated how sensitivity to allomorphy, which is information that must be listed to              
different degrees along with each morpheme/lemma, influences lexical processing. We          
hypothesized the following cline, from least to most regular: Syntactic < Phono < None . 
Methods: A new variable coded for sensitivity to allomorphy among stems . It was introduced as               
HasAllos . Trials from the BLP lexical decision dataset (N = 78; 700,000 items; Keuleers et al,                
2012) were annotated for the most complex allomorphy type each item interacts with (Table 1).               
Mixed effects regression models were then fit to the full by-trial dataset with log-transformed              
Frequency, Orthographic Length, Orthographic Neighborhood, Inflectional Entropy and HasAllos         
as predictors. RTs and accuracy ratings were modeled (separately) as the dependent variables. 
Results: Items with allomorphy were reacted to faster overall than None items, and Syn items               
were reacted to faster overall than Phono (p < 0.001, Table 2). Accuracy scores showed the                
same pattern (p < 0.001, Table 3). Table 4 provides the regression results for RTs, revealing                
facilitatory effects for both levels of HasAllos (contrast coded); Accuracy patterned identically. 
Discussion: These findings indicate that not all information relevant to processing is            
distributional. In particular, the main result is unexpected on a purely distributional view: the less               
productive a process is (Syn < Phono < None), the more a given word receives a "boost" in                  
lexical recognition, perhaps in order to facilitate lookup in the mental lexicon. Such a finding               
stands in contrast to views under which the amount of information associated with a word is                
inhibitory, as measured by RT and accuracy on lexical decision tasks (e.g. Milín et al., 2009).                
Further investigation of allomorphic variables is needed, particularly in terms of their interaction             
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with other factors (Baayen and Moscoso del Prado Martín, 2005; Fruchter, 2013), replication in              
other languages, and an explicit model of irregular form lookup in the mental lexicon. 
Tables: 

Table 1: English Examples 
item and walking go went dog dogs 
HasAllos none none syn none phono none 

 
Table 2: Reaction Times (in ms) 
MNONE MPHONO MSYN 

639.5 624.5 556.2 
 

Table 3: Accuracy Scores 
MNONE MPHONO MSYN 

0.921 0.926 0.972 
 

Table 4: Regression Results for normalized RT 
 Estimate (SE) p-value 
Intercept 0.272 0.0041 <0.001  ** 
Frequency -0.123 0.0002 <0.001  ** 
Orthographic length 0.025 0.0003 <0.001  ** 
Orthographic neighborhood -0.003 0.0001 <0.001  ** 
Inflectional Entropy -0.086 0.0007 <0.001  ** 
HasAllos - phono VS none -0.039 0.0008 <0.001  ** 
HasAllos - syn VS phono -0.022 0.0002 <0.001  ** 
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Cost of ungrammatical predictions during online sentence processing: evidence 
against surprisal 

Apurva & Samar Husain(Indian Institute of Technology Delhi),apurva@hss.iitd.ac.in 

The surprisal metric (Hale, 2001; Levy, 2008) successfully predicts syntactic complexity in a 
large number of online studies (e.g., Demberg and Keller, 2009; Levy and Keller, 2013). 
Surprisal assumes a probabilistic grammar which drives the expectation of upcoming 
linguistic material. Consequently, wrong predictions lead to a processing cost, presumably 
due to reranking related computations (Levy, 2013). Critically, surprisal assumes that the 
predicted parses generated by the probabilistic grammar are grammatical. However, it has 
been found that syntactic predictions can be ungrammatical (e.g., Apurva & Husain, 2018). 
Consequently, similar to reranking costs incurred due to incorrect (grammatical) predictions, 
a cost should also appear for ungrammatical predictions. Evidence for such a cost during 
comprehension will not be explained by the surprisal metric. To test the ecological validity of 
the surprisal metric, it becomes critical to investigate if ungrammatical predictions incur a 
cost. In this study, we investigate this issue in Hindi (a verb-final language) using a cloze task 
followed by a self-paced reading (SPR) study. All analyses were carried out in R using linear 
mixed models. Log RTs (reading time) were used for the RT analyses. 

In the cloze study (N=30), participants were asked to complete the sentences (such as 1a, 
1b) meaningfully using the SPR paradigm. The two conditions differed in the case-markers 
on the three nouns. 12 sets of experimental items along with 64 fillers were used. 
Participants’ responses were coded for the predicted verb class and the overall 
grammaticality of the completion (grammatical prediction vs ungrammatical prediction). 

1a hari-ne  geeta-se  umesh-ko … 
Hari-ERG  Geeta=ABL  Umesh=ACC 

1b hari-ko  geeta-ne umesh-ko … 
Hari-ACC Geeta-ERG Umesh-ACC 

Grammaticality analysis of the completion data showed that participants make more 
ungrammatical completions in conditions (b) compared to (a) (z=5.25). The overall 
grammatical completions in condition (a) was 96% while in (b) it was 60%. In addition, the 
verb class analysis showed that in both conditions participants completed the sentences with 
a transitive non-finite verb followed by a ditransitive matrix verb (hereafter T.NF-DT.M) most 
frequently. T.NF-DT.M were predicted in 33% instance in condition (a) and 34% in condition 
(b) (z=0.18). Given the similar cloze probabilities, the surprisal metric will predict no 
difference in RT at T.NF-DT.M in the two conditions during online processing (cloze 
probabilities can be used to compute surprisal, see Levy and Keller, 2013). If the RTs at 
T.NF-DT.M in condition (a) is less than (b) that would be better explained by the higher cost 
due to the ungrammatical prediction (b) vs (a).  
    To ascertain this, we conducted an SPR study (n=50) using the items similar to the ones 
used in the previous experiment (see, 2a and 2b). The critical region was T.NF-DT.M. 24 set 
of items along with 72 fillers were constructed. 

2a hari-ne  geeta-se  umesh-ko  milne ko   kaha,  ... 
Hari-ERG   Geeta=ABL Umesh=ACC  meet-inf(T.NF)  told(DT.M)  

2b hari-ko  geeta-ne  umesh-ko  milne ko   kaha ,  ... 
Hari-ACC  Geeta=ERG Umesh=ACC  meet-inf(T.NF)  told(DT.M)  

While the prediction of T.NF-DT.M is same in the two conditions, % ungrammatical 
predictions is more in (b) vs (a). Results show that the RT in (a) < (b) at the critical region 
(t=2.32). This goes against the surprisal metric and shows the cost incurred due to 
ungrammatical predictions. 
    Our work establishes that the cost of ungrammatical predictions indeed appears during 
online processing. This processing cost is not predicted by a metric like surprisal and 
highlights its limitations. This study also provides evidence against the robust predictions in 
head-final languages. It suggests that the prediction mechanism in such languages is more 
nuanced and points to the need to study the nature of ungrammatical predictions during 
processing. 

mailto:apurva@hss.iitd.ac.in
bhuvananarasimhan
Typewritten Text
Poster Session C: Saturday, 2:55 - 4:40 PM, 
Location: The Ballroom, #C43



!  
Figure 1. Raw RTs for the two conditions in Experiment 2 
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Different effects of grammatical violations in Italian: An EEG study on Verb-Particle 
Constructions 

Federica Mantione, Patrizia Cordin, Francesco Vespignani (University of Trento) 
federica.mantione1@gmail.com 

Despite their widespread diffusion in Germanic languages (Booij & van Marle, 2003), Verb-
Particle Constructions (hereafter VPCs), ie complex predicates formed by a verbal base and a 
modifying post-verbal particle, seem to be scarcely attested in the major Romance languages 
(Masini, 2005). Italian represents an exception to this scenario, as it has a relatively rich system 
of VPCs (Cordin, 2011; Iacobini & Masini, 2006) that are more productive in northern dialects and 
almost absent in the varieties of central and southern Italy. Due to dialectal influences, Italian 
shows wide regional variations that go beyond superficial aspects, such as phonology, but also 
concern lexical and syntactic levels. 
The present ERP study was designed to analyse cognitive processes related to the 
comprehension of sentences with different types of VPCs by subjects born and living in Trentino 
Alto-Adige (a region of north-east Italy). Two different categories of VPCs composed by a verb  
and a locative particle were selected as stimuli based on their semantic function (Cordin, 2011) 
and on their geographical distribution (Iacobini, 2009): 

1) Italian (ITA) VPCs are constructions attested in all varieties of Italian. They have an 
idiomatic meaning which does not result from the composition of the meanings of the two 
parts and the particle does not preserve its original locative function (e.g., fare fuori “to 
kill”); 

2) Trentino (TRN) VPCs are constructions attested in the Trentino variety of Italian. They 
have compositional meaning and the particle has an aspectual function, acting as a 
“focalizer” of the dynamic element which, in many cases, emphasizes the final point of the 
action (e.g., raschiare via “*to scrape away”). 

Adults from Trentino (N=44, age range=18-30) were presented with 320 sentences containing 
VPCs. For each category of VPCs, participants read 160 sentences: 80 sentences contained the 
correct particle while the other 80 contained an incorrect particle, thus creating two (correct and 
violated) experimental conditions (see Table 1). Correct and violated items were counterbalanced 
across subjects. Sentences were visually presented word by word (SOA 600ms) and subjects 
were asked to read silently for comprehension. Questions about the sentences were randomly 
asked after 20% of the trials. 
Results show that the effects of violation differ for the two categories of VPCs, especially in terms 
of differential effects elicited by the critical word and by the word that follows it. In particular, a 
larger negativity, maximal around Pz, emerged for the violations of the ITA category in the 250-
350ms interval following the presentation of the critical word and can be classified as an early 
N400 (see Figure 1). Differently, violations of the TRN category elicited a negativity in the range 
1000-1100ms, an interval that corresponds to 400-500ms after the presentation of the word 
following the critical one (see Figure 2). 
Our results suggest that the violations of VPCs have an immediate impact, confirming previous 
studies on PVCs in other languages (Piai et al., 2013 for Dutch) demonstrating that particles elicit 
an N400 effect and that it is largest for particle forming non-existing PVCs. 
Moreover, the violation of aspectual VPCs interestingly impacts the processing of the following 
word confirming the impossibility of parsing, in our material, the particle as a head of an 
independent prepositional phrase. This latter finding could be due to the compositional nature of 
the aspectual VPCs with respect to the idiomatic ones. Notably, also this processing difficulty 
emerges in fact in terms of an N400, despite it is likely that syntactic factors are involved.  
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Table 1. Examples of the experimental stimuli by condition 

Condition Category Sentence 
Correct ITA VPCs Luigi ha fatto fuori una amica di sua moglie 

*Luigi made out a friend of his wife 
“Luigi killed a friend of his wife” 

Violated ITA VPCs *Luigi ha fatto via una amica di sua moglie 
*Luigi made away a friend of his wife 

Correct TRN VPCs Ho raschiato via la ruggine prima di dipingere 
*I scraped away the rust before painting 

“I scraped the rust before painting” 
Violated TRN VPCs Ho raschiato su la ruggine prima di dipingere 

*I scraped up the rust before painting 
Notes: Critical words are shown in bold. Particle-verb constructions are underlined. Literal English 
translations are presented in italics. Non-literal English translations are placed within the quotation 
marks and appear only in the correct conditions. The asterisk indicates ungrammaticality.  
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Figure 1. ERP waveforms at elctrode Pz for ITA 
sentences in the two conditions. The black line 
corresponds to correct condition and the red line 
to violated condition. Vertical lines are drawn at 
0ms, 250ms, 350ms, 600ms, 1000ms, 1100ms. 
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-200 0 200 400 600 800 1000 1200 

Figure 2. ERP waveforms at electrode Pz for 
TRN sentences in the two conditions. The blue 
line corresponds to correct condition and the 
purple line to violated one. Vertical lines are 
drawn as shown in Figure 1. 



Multimodal prediction in text + emoji sentences: an ERP study 
Benjamin Weissman (UIUC), Neil Cohn (Tilburg University), and Darren Tanner (UIUC) 

bpweiss2@illinois.edu 
Recent findings demonstrating that emojis can alter the on-line processing of a sentence 

(Weissman and Tanner, 2018) and interact with grammar (Cohn et al., 2018) suggest that these 
multimodal text-image interactions belong to an integrated system, as opposed to two separate 
ones. In this study, we address this issue by examining an important aspect of language 
processing: prediction. By examining how sentence context modulates the predictability of 
emojis, we explore how such interactions point towards an integrated multimodal 
communicative system and what aspects of emojis are anticipated during sentence processing. 

A set of ERP studies (e.g., DeLong et al., 2014, Brothers et al., 2015) have examined 
the neural mechanisms underlying prediction by comparing expected to unexpected yet 
plausible completions in high constraint sentences (“The chef carved the turkey with the 
knife/scissors”). This type of completion, which makes sense in the sentence but is nonetheless 
unexpected, elicits a classic N400 effect and an additional late (600-900ms) frontal positivity 
(LFP), compared to the expected completion. Anomalous, implausible completions in low-
constraint sentences (“Her favorite animal is the monkey/avocado”), in which prediction is less 
reliable and useful, elicit the N400 but not the frontal positivity. 

This study consisted of two ERP experiments using stimuli in the conditions described 
above (and see Table 1). Experiment 1 (n=20) substituted an emoji for the sentence-final word; 
Experiment 2 (n=20) presented the word.  

In high constraint sentences, participants demonstrated the same mis-prediction effects 
(N400, LFP; see Fig. 1, red) to emojis as to words, suggesting that they were predicting the 
upcoming emoji. This indicates that participants not only predicted upcoming lexical content 
(regardless of modality) but also were able to rapidly access that lexical content and update 
their discourse model (see e.g., Brothers et al., 2015). There was a significant correlation 
between N400 amplitude and cloze probability but not between N400 and visual similarity 
(between expected and actual emoji) nor between N400 and conceptual similarity, suggesting 
participants are rapidly accessing the form-meaning mappings and anticipating the lexical 
content of emojis. 

In low constraint sentences (Fig. 1, blue), words elicited the more classically-posterior 
N400 effect but anomalous emojis in low constraint sentences elicited an anterior negativity 
more alike that found in studies that substituted line drawings for words (e.g., Ganis et al., 
1996). We hypothesize that predictive/preparatory mechanisms active in high constraint 
sentences (e.g., Rommers et al., 2017; Wang et al., 2018) may be helping to facilitate the lexical 
access of emojis in high constraint, and that lessened activity of these mechanisms in low 
constraint may be reflected in the low-constraint differences.  

The results of these experiments constitute evidence that lexical content is anticipated 
cross-modally and prediction is modulated by contextual effects like sentential constraint. This 
work contributes both to the nascent program of research on the language processing of emojis 
and to continuing research on prediction processes during language comprehension. 
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Table 1 – Example stimuli from Experiment 1 (completions in Experiment 2 were words) 

 
Fig. 1 – Grand mean ERP waveforms from Fz and Pz in Ex. 1 (top) and Ex. 2 (bottom) with 
scalp topographies in two relevant time windows on the right. Negative is plotted up.  
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The effect of eventive verbs on children’s online argument representation 
Boyang Qin & Marieke van Heugten (University at Buffalo, The State University of New York) 

boyangqi@buffalo.edu 
 

Spoken language comprehension is an active process causing our mental representations 
of scenarios or events to be continuously updated as sentences unfold. For instance, upon 
hearing “The boy will eat”, children and adults alike orient towards an image of something edible 
(Borovsky & Creel, 2014; Mani & Huettig, 2012; Altmann & Kamide, 1999), suggesting that 
verbs help restrict the possible set of arguments. However, it is currently unclear how detailed 
these representations are. On the one hand, it is possible that children simply access the 
semantic prototypes of words. On the other hand, children’s argument representations may go 
beyond a word’s linguistic identity and include context-specific properties such that hearing “The 
man has eaten” causes them to expect a partially eaten (rather than intact) food item (similar to 
adults, Altmann & Kamide, 2007). To differentiate between these two possibilities, we here use 
eventive (e.g., “destroy”, “spill”) and stative verbs (e.g., “love”, ”own”), which are known to differ 
both in argument structure complexity (cf. Shapiro et al., 1987) and in the composition of the 
mental scene (Gennari & Poeppel, 2003). Should children have different argument 
representations for the two verb types, this would indicate that their online linguistic processing 
would be relatively fine-grained. 

To address this question, we tested native English-speaking 32- to 36-month-olds’ (N = 22 
out of 32 total) mental representations of eventive verb arguments (with stative verbs being the 
control condition). Using the Preferential Looking Procedure, children’s eye movements were 
tracked as they were presented with two images side-by-side on a screen. On experimental 
trials, these images depicted the same entities, but differed in object features (e.g., an intact 
bottle vs. a broken bottle). Following image onset, sentences were presented containing the 
entity label (e.g., “Susan dropped the bottle!” on eventive verb trials vs. “Susan noticed the 
bottle!” on stative verb trials, with the verbs being the only difference between the sentences). 
To prevent children from working out the goal of the experiment, we included filler trials in which 
the two images represented different objects. 
    If the mental representation of verb arguments is modulated by verb type, children should 
look more toward the images representing the eventive scenarios in eventive verbs trials than in 
stative verb trials. To this end, a bootstrapped cluster-based permutation analysis (based on 
Maris & Van Oostenveld, 2007) was employed on the proportion of looks to the eventive image. 
This revealed a divergence between the two conditions from 1200 to 2000 ms after verb onset 
(p = .02, see Figure 1), suggesting that children’s mental representations of objects in a 
scenario change upon hearing an eventive verb.  
  In follow-up work, using exclusively eventive verbs, we plan to employ verb tense (e.g., 
“Karen has dropped the bottle” vs. “Karen will drop the bottle”, c.f. Altmann & Kamide, 2007) to 
further assess the detail of argument representations. This would rule out any potential effects 
induced by differences between the eventive and stative verbs. Nonetheless, the current results 
tentatively show that children under three years of age possess basic verb type knowledge that 
they rapidly integrate in their argument representation during real-time language processing. 
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Figure 1. Proportion of looks to the eventive image following verb onset as a function of verb 
style. 
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Language dynamics across the life span: The comprehension of verbal jokes  
Evelyn C. Ferstl (Freiburg University, Germany) 

evelyn.ferstl@cognition.uni-freiburg.de 
 

Cognitive aging has attracted scholarly attention. Recently, it has been acknowledged that 
certain cognitive functions might be preserved or even improved as a function of age (Burko & 
Shafto, 2008; Diaz, Rizio, & Zhuang, 2016). A possible candidate for such a cognitive ability is 
text comprehension and situation model building (Radvansky & Dijkstra, 2007), prerequesites for 
the appreciation of verbal humor. The present study targets age-related differences in joke 
comprehension, an area not well studied yet (see Greengross, 2013, for review). Most verbal 
jokes are based on an incongruency whose resolution requires revising an initial interpretation 
(Attardo, 2001). This process puts demands on working memory and cognitive flexibility, and is 
expected to become more difficult with age (Ferstl, 2006). Using verbal jokes and non-funny 
revision texts, Hunger, Siebörger and Ferstl (2009) have been able to disentangle cognitive and 
affective aspects of joke comprehension (cf. Ferstl, Israel & Putzar, 2017). Here, we use the 
paradigm to evaluate the interplay between pragmatic knowledge use and cognitively 
demanding revision processes in older readers. 

Methods. Short stories which require a linguistic revision but are not funny, and jokes, which 
require a revision and elicit an affective response, were compared to coherent and incoherent 
control stories with identical target sentences (8 trials in each of these four conditions, from 
Ferstl et al., 2017; see Table 1). In the context of a larger project on language dynamics across 
the life span (Hanulikova et al., 2019, in preparation), 100 participants were tested, half senior 
citizens (M = 77.6, sd = 5.6; range 70-92), and half non-student adults (M = 35.9, sd = 4.5; range 
30-45). The groups were matched with respect to gender (2:1 female to male ratio) and 
educational level. For the joke comprehension experiment, the texts were presented sentence 
by sentence on a computer screen. The participants read the texts, rated their funniness (1 = not 
funny at all, to 9 = hilariously funny), and answered a 2-choice comprehension question. As a 
proxy of cristalline verbal intelligence, MWT-scores were assessed (Mehrfachwahl-Wortschatz-
Test: “Multiple-choice vocabulary test”; Lehrl, 2005): 37 words of decreasing frequency had to be 
picked out of a set of four similar pseudo-words each (e.g., iar, ear, jear, chear, eah). As a test of 
verbal flexibility and processing speed, phonemic and semantic verbal fluency scores were 
obtained (cf. Troyer, Moscovitch & Winocur, 1997). 

Results. Descriptive statistics are shown in Figure 1. As expected, the older participants had 
better vocabulary knowledge (M = 33.5, sd=1.9, range 26-36) than the younger participants 
(M=30.7, sd = 2.8 22-35), but the fluency scores did not differ. None of these variables predicted 
responses, but reading times were shorter for participants with higher semantic fluency scores (r 
= -.28, p = .005 for trial reading times). All reading and processing times were considerably 
longer for older participants (p’s < .001). However, accuracy was worse only for the revision 
stories (F(1,98) = 10.0, p = .002). While both groups rated the jokes funnier than the other text 
types, this difference was less pronounced for the older participants. In a multiple regression, the 
only variable predicting this score was age, but not MWT, fluency, error rates or reading times.  

Conclusions. These results indicate quantitative and qualitative differences between middle 
aged and older comprehenders. As expected, younger participants performed better on all time-
sensitive measures. The facilitation effects for jokes reported previously were replicated in both 
groups. In addition, in line with a decline of executive functions, revision processes were more 
difficult for older comprehenders (Ferstl, 2006), and their subjective ratings of funniness 
indicated less discrimination between jokes and the other texts. Further research is needed to 
investigate individual variability and the interaction between linguistic revision processes – as 
postulated in incongruency theories of humor -  and affective reactions. Importantly, the 
attenuated sensitivity to funniness in older comprehenders is relevant for humor based 
interventions in clinical and gerontological settings.   
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Table 1. Text examples for  
the comprehension task. The 
comprehension question for 
the joke story and its control 
texts was “Mark was  
a) a criminal, b) a womanizer”, 
for the revision story and its 
control texts: “The soup was 
cooked by ..  
a) the wife, b) the husband” 

 

 

Figure 1. Funniness ratings, comprehension question accuracy and reading times for the punchlines as a function 
of text condition and age group. Jokes are rated funnier (F(1,81)=484.2, p < .0001), they are as easy to comprehend 
as the other stories (F(1,81)=2.1, n.s.), and they take less time to read (F(1,81)=47.7, p < .0001). Older participants 
find revision and control texts funnier than younger participants (group*texttype: F(3,243) = 7.6, p < .0001), they 
make more errors to comprehension questions after revision stories (group*texttype: F(3,243) = 4.8, p < .003), and 
they take much longer to read the stories (group: F(1,81) = 28.2, p < .0001). 
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Sustained negativities for wh-movement may not extend to other types of syntactic predictions 
Aura A. L. Cruz Heredia (UMD), Bethany Dickerson (UMass, Amherst), Ellen Lau (UMD)  
acruzher@umd.edu  
     Previous behavioral work suggests that humans pursue a top-down structure-building 
strategy in online sentence comprehension. Crucially, such top-down approaches require 
maintaining a memory representation of predictively generated structures until they are 
confirmed by the upcoming input. Prior ERP work has observed a sustained anterior negativity 
(SAN) for constructions involving filler-gap dependencies (e.g., wh-dependencies: Fiebach et 
al., 2002; Phillips et al., 2005; Ueno & Kluender, 2003; relative clauses: King & Kutas, 1995; 
argument scrambling: Hagiwara et al., 2007; Yano & Koizumi, 2018) relative to sentences with 
no such dependencies. While SANs have been widely interpreted as indexing the working 
memory cost of processing such constructions, less is known about what exactly is being held 
online. Here, we explore the possibility that what is being maintained online is a structural 
prediction (e.g., predicting an object position in wh-dependencies like (1a)). In particular, we 
investigate whether the SAN indexes the maintenance of non-local syntactic predictions per se 
by focusing on the case of sentence-initial subordinating adverbials (2a, 2c).  
     If the SAN is an index of actively maintaining non-local syntactic predictions, we expect 
sentence-initial subordinating adverbials (2a, 2c) – which trigger a prediction for an eventual 
subsequent matrix clause – to elicit a SAN relative to temporal adverbials that do not impose 
such a requirement (2b, 2d). Across three ERP experiments, we: (i) replicated a SAN for 
wh-dependencies (WHs), (ii) observed no such response in subordinating contrasts, and  
(iii) confirmed the above dissociation in a within-subjects design. 
     Materials were presented using RSVP, 500ms/word. In Exps 1 and 3 participants had to 
indicate whether a subsequent sentence was congruent with the preceding (target) sentence, 
while in Exp 2 participants answered standard two-choice comprehension questions. All 
contrasts had 30 items/condition except for the subordinate contrast in Exp 3, which was limited 
to 15 items/condition to ensure a reasonably short experiment length. Sustained effects were 
evaluated across 20 scalp electrodes (10 anterior/10 posterior) throughout the dependency, 
beginning 750ms after the onset of the word signaling the non-local dependency (the auxiliary 
signaling a wh-object question or the adverb signaling the clause structure). A SAN was 
interpreted as a significant interaction between condition and electrode site, such that anterior 
electrodes appear more negative for the condition eliciting non-local predictions (1a, 2a below).  
     Exp 1 (n=14) replicated previous work showing a SAN for WHs compared to yes/no controls 
(interaction: p=.013) (Figure 1). In stark contrast, Exp 2 (n=25) revealed no SAN for subordinate 
adverbials relative to controls (interaction: p=.99) (Figure 2). While visual inspection suggested 
a broader negativity in the 1300-2000ms region, the interaction was not significant (p=.84). The 
dissociation between wh-dependencies and subordinates was then replicated within subjects in 
Exp 3 (n=17): we observed a SAN for the WHs (interaction: p=.0002) (Figure 3) but not for the 
adverb contrast (interaction: p=.10), which actually trended in the opposite direction in anterior 
electrodes (more positive for subordinates than controls) (Figure 4). Moreover, the WHs in Exp 
3 still yielded a significant interaction when analysis was limited to 15 trials/condition (p=.022). 
     These results suggest that the SAN observed for WHs does not necessarily extend to other 
constructions requiring the maintenance of syntactic predictions in memory. Notably, it is still 
possible that the SAN for WHs is involved in processes specific to representing a gap position, 
maintaining properties of the wh-filler, or actively constructing the conceptual properties of the 
filler as the intervening material is processed (e.g., ‘What is likely to be queried in relation to a 
commentary?’ in (1a)). The last is consistent with findings that the SAN associated with 
scrambling is eliminated when pragmatic support is available (Yano and Koizumi, 2018). 
Importantly, these results should not be taken as an argument against top-down parsing 
algorithms or syntactic prediction, but as an indication that ERP correlates of structural 
prediction in general have not been identified.  
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(1a) What did the commentary from the spokesman interrupt? 
(1b) Did the commentary from the spokesman interrupt the game? 
(2a) After Charlotte quit her boring job, she traveled to Rome like she always wanted to.
(2b) Today Charlotte quit her boring job and traveled to Rome like she always wanted to.
(2c) I think that after Charlotte quit her job, she traveled to Rome.
(2d) I think that today Charlotte quit her job.  

Figure 3: Exp3 WH > YN – Fz electrode plot and Scalp map (n=17)

Figure 4: Exp3 SUB > TEMP – Fz electrode plot and Scalp map (n=17)
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Turkish “unless” is not biconditional unless the pragmatic context allows it 

Hearing the utterance Unless you press the button, the alarm will not stop, one would infer 
that (i) the alarm should stop upon a button-press, and that (ii) somebody must have pressed 
the button upon hearing the alarm go off. This pattern of reasoning demonstrates that the 
connective unless receives a biconditional interpretation in this example. It has long been 
suspected that biconditionality of unless is not a lexically given semantic absolute, but a 
function of the broader syntactic/semantic organization of the hosting sentence. Particularly, 
while unless gets a biconditional interpretation in positive quantificational contexts (PQC) 
(e.g., every), it gets a uniconditional reading in negative quantificational contexts (NQC) (e.g., 
no).[1, 2] Yet, exceptive accounts take unless to be biconditional in all contexts.[3] To our 
knowledge, there exists no consensus on either the descriptive facts about unless or how to 
model its meaning.[4] We aim to contribute to this research with two experiments on the 
semantics of Turkish unless. Exp-1 explores the effect of pragmatic context on the 
interpretation of unless and Exp-2 investigates its interaction with quantifiers.  

Previous studies on English show that if, a uniconditional connective, can be interpreted 
biconditionally in inducement contexts (promises/threats).[5] We tested whether a similar 
contextual effect exists for unless, a connective logically modeled as biconditional. Exp-1 
employs an acceptability rating task based on a previous study[5] to test how Turkish unless 
is interpreted in rule vs. advice contexts (see A). Seventy-three participants saw an utterance 
with unless followed by an inference either requiring or not-requiring a biconditional reading, 
and rated the likelihood of each inference on a 7-point scale. Mann-Whitney U test showed 
that unless was significantly more biconditional in rule contexts (Mdn=49) than in advice 
contexts (Mdn=34) (U=193.5, p<.0001). Thus, the interpretation of unless (like if [5]) changes 
with the pragmatic setting, which is a novel finding supporting the claim that these 
connectives may not have a fixed semantic/logical contribution to the meaning but a 
pragmatically derived one.  
In line with this, a recent study showed that unless was not semantically biconditional in 
neither PQC nor NQC even in rule settings.[4] English speakers were presented with pictures 
of 20 marbles (either in red or blue; with or without dots) along with statements using unless 
and if not in PQC and NQC to decide whether the statements correctly described each 
picture. Exp-2 used a similar paradigm to see whether Turkish correlates of unless and if not 
(i.e., -mediği sürece and değilse) would behave similarly. We varied the connector (unless 
vs. if not) and quantifier-context (PQC/every vs. NQC/no) between subjects (see B), and 
varied within-subjects the ratio of target-color-marbles with dots among 0, 0.2, 0.4, 0.6, 0.8 
and 1 to see whether the degree of acceptability vary in line with this ratio. There were 12 
test and 8 filler items. We used participants’ responses (True/False) as our dependent 
variable. Mixed-effects logistic regressions including connector, quantifier-context, and ratio 
as the fixed effects, and participant and item as random intercepts showed a three-way 
interaction between connector, quantifier-context, and ratio [X2(4)=31,75; p<.0001], and a 
separate analysis for each connector produced a quantifier-ratio interaction [unless: 
X2(1)=14,02; p=.00018; if-not: X2(1)=10,92; p=.0009] Pairwise comparisons between unless 
and if not for each quantifier and for each ratio showed: (i) for the PQC, unless was more 
biconditional than if not in all ratios except for ratio-0 (where only the non-target marbles 
have dots), and for the NQC, unless did not differ from if not in any ratios except for ratio-1 
(where no marbles had dots) (Table & Figure). This pattern is similar to the pattern for 
English, except that Turkish speakers were more likely to accept the cases where no 
marbles have dots in NQC condition, which is a puzzle we try to solve. Overall our findings 
clearly contradict with the logic-based exceptive accounts of unless while concurring with 
recent studies showing that biconditionality arises as a result of pragmatic requirements.[4, 5]   
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References: [1] Higginbotham (1986). [2] Leslie (2008). [3] von Fintel (1991). [4] Nadathur & 
Lassiter (2014). [5] Evans, Neilens, Handly & Over (2008). 

A. Sample Test Items (Experiment 1) 
 Rule context Advice context 

 Düğmeye basmadığın sürece alarm 
susmaz. 
Unless you press the button, the alarm 
will not stop. 

Kahve içmediğin sürece uyanık 
kalamazsın. 
Unless you drink coffee, you will not 
stay awake. 

Biconditionality 
required 

Düğmeye bastım; o halde alarm sustu. 
I have pressed the button; therefore, 
the alarm has stopped. 

Kahve içtim; o halde uyanık kalabildim. 
I have drunk some coffee, therefore, I 
am awake.  

Biconditionality 
not required 

Alarmım sustu; o halde düğmeye 
bastım.  
The alarm has stopped, that mean’s I 
have pressed the button. 

Uyanık kalabildim; o halde kahve içtim. 
I am awake, that mean’s I have drunk 
some coffee. 

 
B. Sample Test Items (Experiment 2) 

 

 

 

 

Table: Pairwise comparisons between “unless” and “if not” using Wilcoxon-signed rank test 

Ratio PQC Condition (Every) NQC Condition (No) 

1  W= 1082.00, z=-3.97, p<0.001, r= -0.46 W=1353.00, z=-1.35, p=0.18, r=-0.16 

0.8  W=1231.00, z=-2.15, p=0.03, r=-0.25 W=1299.00, z=-1.28, p=0.20, r=-0.15 

0.6  W=1208.00, z=-2.65, p=0.008, r=-0.31 W=1276.00, z=-1.78, p=0.07, r=-0.21 

0.4  W=1210.00, z=-2.54, p=0.01, r=-0.29 W=1312.00, z=-1.20, p=0.23, r=-0.14 

0.2  W=1212.00, z=-2.44, p=0.01, r=-0.28 W=1265.00, z=-1.73, p=0.08, r=-0.20 

0 W=1370.00, z=-0.947, p=0.34, r=-0.11 W=1165.00, z=-2.93, p=0.03, r=-0.34 
 

Figure: Proportion of responses agreeing with the statement in both connectives in both 
quantifiers 

1 2 
(1) Mavi (olmadığı sürece/değilse) her bilyede nokta var. 

“Every marble has a dot (unless/if) it is (not) blue” 
(2) Kırmızı (olmadığı sürece/değilse) hiçbir bilyede nokta yok. 

“No marble has a dot (unless/if) it is (not) red” 



The Impact of Stereotypes and Noun Endings on Processing Gender in English: 
Comparing Native and Non-Native Performance 

Julia Müller, Verena Haser & Lars Konieczny (University of Freiburg) 
julia.mueller@pluto.uni-freiburg.de 

 
This study aimed at establishing whether the perception of the noun ending “-er” as masculine 
carries over into English for native speakers of German. Since German is a language with a 
grammatical gender system (Hellinger & Bußmann, 2003), professions which end in “-er” identify 
a person as male in German (e.g. der Gärtner – “the (male) gardener”) while in English, they are 
not grammatically marked for gender. Thus, it is possible that Germans might still perceive 
professions ending in “-er” in English as more male. Alternatively, they might switch to an English 
native speaker view and judge professions based on their stereotypical associations instead, a 
phenomenon that has been established in various studies (e.g. Gygax, Gabriel, Sarrasin, Oakhill, 
& Garnham, 2009). 
 
Participants read short texts while their eye movements were recorded. 60 stimuli with three 
sentences like (1) each were constructed. The first sentence introduced an occupational noun 
which varies in its stereotypical association (with males or females) between conditions. The third 
and final sentence then either included “men” and “women”, referring back to the occupational 
noun in the first sentence.  
 

(1) During the last month, the stockbrokers/hairdressers tried to get the business going. 
Recently, it had gotten a bad reputation. But two of these men/women had a brilliant idea 
that would turn the ship around.  

 
Professions were taken from Misersky et al. (2014) who had native speakers of seven languages 
rate them for stereotypicality. Beyond that, professions ending in “-er” in English were contrasted 
with those that ended in “-or” and those that had endings which rarely occur in German (such as 
“-ian”). Additionally, 24 items from another reading experiment were used as distractors. Results 
from 64 participants (40 German, 24 English native speakers) indicate that “-er” may slightly, but 
“-or” more considerably, slow down processing for German speakers when used with women. 
This effect is visible in longer trial reading times (figure 1) and regressions on the second spill-
over region, i.e. three to four words after the critical region (figures 2 and 3). Therefore, our study 
suggests slight transfer effects for -er (as in Scheutz & Eberhard, 2004) and additionally for “-or”. 
 
As expected, stereotypical associations significantly influenced reading behaviour, with 
incongruent combinations leading to longer trial reading times. The differences were more 
pronounced for native speakers of German, suggesting a more pronounced male bias in German. 
 
Moreover, first pass reading times for stimuli that included women were significantly higher than 
those that contained men, especially for native speakers of German (figure 4). These reading 
times decreased as the experiment progressed, however, suggesting that the exposure to 
incongruent stereotype-person combinations seemed to facilitate the acceptance of people in 
professions which do not correspond to the stereotype (as in Finnegan, Oakhill, & Garnham, 
2015). 
 
Future research on this topic should verify (or falsify) the perception of “-or” along with exploring 
other endings (e.g. “-ent”/”-ant”, “-ist”, “-ian”). Ideally, the incongruity in the stimuli should not 
immediately be obvious, e.g. clothing or biological characteristics instead of pronouns or 
“men”/”women” (as in Garnham, Gabriel, Sarrasin, Gygax, & Oakhill, 2012). 
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Figure 1: Trial dwell time by role noun ending and native language Figure 2: Regression path duration by native language, “-er” 

  
Figure 3: Regression path duration by native language, “-or” Figure 4: First pass reading time by native language 
 



Alternative constructions and scope ambiguities: What counts as an alternative? 
Barbara Hemforth (CNRS-Univ. Paris Diderot) and Lars Konieczny (Univ. Freiburg) 
Barbara.hemforth@linguist.univ-paris-diderot.fr 
 
The availability of alternative constructions has been suggested to underlie processing biases 
across languages for a variety of ambiguous constructions (Hemforth & Konieczny, 2019; 
Schulz et al., submitted). If an unambiguous alternative for one interpretation exists in a 
language, a cooperative speaker will be more likely to use the other interpretation for the 
ambiguous construction, according to the Gricean conversational maxim of manner  (be clear 
and unambiguous; Grice 1975).  We hypothesized that the existence of an accessible 
alternative plays a role in crosslinguistic differences in the interpretation of “all...not” 
constructions, such as (1). If the wide scope interpretation of the negation can be obtained by 
simply fronting the negation (“not all my friends went to the Marvel movie”), the narrow scope 
interpretation corresponding to linear scope will be preferred for the “all...not” construction. This 
preference should increase with the accessibility of the “not all” construction. The “not all” 
construction exists in English and German but is to the very least highly stigmatized in standard 
French. This predicts a narrow scope interpretation preference of the negation in English and 
German (linear scope interpretation) and a wide scope preference in French (inverse scope 
interpretation). 

(1) All my friends did not go to see the movie. 
a. linear scope: None of my friends went to see the movie. 
b. inverse scope: Some of my friends went to see the movie. 

(2) Tous mes amis ne sont pas allés voir le dernier film de Marvel. 
a. linear scope : Aucun de mes amis n'est allé voir le  film. 
b. inverse scope : Certains de mes amis sont allés voir le film. 

(3) Alle meine Freunde sind nicht in den letzten Marvel-Film gegangen. 
a. linear scope: Keiner meiner Freunde ist in den letzten Marvel-Film gegangen. 
b. inverse scope: Manche meiner Freunde sind in den letzten Marvel-Film gegangen. 

These preferences were confirmed in a crosslinguistic experiment where participants (57 
German, 57 English, 49 French) had to judge the acceptability of two continuations such as 
(1,2,3a,b) on a 5-point scale (see Fig. 1; mixed linear model analyses showed significant 
language*interpretation interactions, p<.001).   

However, all three languages have another syntactic alternative (4-6) that 
unambiguously signals the interpretation in (1,2,3b). While this should only strengthen the wide 
scope preference for German and English, it is not clear why this alternative does not trigger the 
wide scope reading for the “All…not” construction in French. 

(4) My Friends did not all go to see the movie. 
(5) Mes amis ne sont pas tous allés voir le dernier film de Marvel. 
(6) Meine Freunde sind nicht alle in den letzten Marvel-Film gegangen. 

We suggest that at least for French, (2) and (5) have not the same interpretation and are thus 
not alternatives. The two constructions refer to different subset sizes, i.e. more friends went to 
the movies in (2) than in (5). To test this assumption, we ran an experiment with 40 French 
participants who had to judge continuations like  

(7) a. Beaucoup de mes amis sont allés au cinema./Many of my friends went to the movies. 
b. Certains de mes amis sont allés au cinéma. / Some of my friends … 

Figure 2 shows that our hypothesis was confirmed. A significant construction*interpretation 
interaction shows that the two constructions are not interpreted in the same way. While the 
“many” interpretation is generally less preferred, it is more acceptable for (2), while the “certain” 
interpretation is more acceptable for (5). At least for French, constructions like (5) are thus not a 
clear alternative. 
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Figure 1: Acceptability judgments for linear scope and inverse scope  
 

 
Figure 2: Acceptability judgments for different  
subsets of the reference set 
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Facilitation vs. inhibition as mechanisms for syntactic constraints on word recognition 
Phoebe Gaston, Ellen Lau & Colin Phillips (University of Maryland, College Park) 

pgaston@umd.edu 
 There is broad agreement that context affects language comprehension, but less 
attention has been paid to the mechanisms that integrate contextual and perceptual information. 
During auditory word recognition, one obvious possibility is that context could block sensitivity to 
perceptual matches by completely inhibiting lexical candidates that don’t fit the context so that 
they are eliminated from the cohort and don’t compete for recognition. An alternative considered 
less often is that context facilitates items that match its constraints, without affecting items that 
don’t. We consider this issue through the lens of syntactic category, whose constraints should 
be relatively straight-forward: when context predicts a verb, either verbs could be facilitated or 
non-verbs could be inhibited. As predicted by the total inhibition account, two recent studies 
report no competition from words whose categories don’t fit the context (Magnuson et al., 2008; 
Strand et al., 2018), but this is in conflict with earlier work that has shown the opposite (e.g. 
Tanenhaus et al., 1979; Tyler, 1984). To investigate this, we ran simulations in jTRACE (Strauss 
et al., 2007) that then informed a new experiment in the visual world paradigm designed to 
distinguish between an inhibitory and a facilitatory mechanism for category constraint. This 
experiment provides clear evidence against top-down precedence over perceptual information.  
 Our simulations explored the role of the response candidate set in measures of word 
recognition, and suggested that the extent to which we can expect correspondence between 
activation and response probability for a given item depends very much on the activity of the 
other items in that set. This is a first step toward explaining the apparent conflict between 
methods whose candidate sets vary in size, and provided us with insight into what experimental 
design properties would maximize the chances of detecting cross-category phonological 
competition if it were occurring. In the visual world paradigm, this includes not displaying 
pictures for the auditory targets in critical trials (following Huettig & McQueen, 2007) so that only 
the activation of the competitor can be expected to change in response to the input (see Figure 
1a). It is also critical that advance cues to noun or verb status do not allow a pictured item to be 
ruled out as a referent before target auditory input even begins (an issue in Strand et al. (2018)).  

In our visual world experiment (N=144, after 21 exclusions), we presented displays 
containing four pictures of objects with noun-only names (Figure 1a). These were presented 
while participants listened to noun-constraining (“They hated the gremlin in the haunted house”) 
or verb-constraining (“They hated to greet rude visitors”) sentence contexts containing an 
auditory target word for which one of the pictures (grapes) was a phonological competitor. Only 
filler trials contained pictures matching their auditory targets. For verb-context fillers this meant 
using noun-biased (and therefore picture-able) noun-verb homophones (“She chose to frame 
her diploma”) so that across the experiment there was always a reason to look for a referent, 
regardless of the context, and there were no visual cues distinguishing noun and verb referents. 
Participants were instructed to indicate after each trial whether they had seen anything related 
to the sentence. We tested for increased fixations to the competitor picture relative to baseline 
using temporal cluster tests in the window 100-550 ms after auditory target onset. In the verb-
constraining context, the proportion of fixations should not increase over baseline if wrong-
category candidates are inhibited. However, a significant increase occurred in both noun (264-
550 ms) and verb (317-454 ms) contexts (Figure 1b), and there was no significant difference in 
competition between the contexts. A parallel manipulation used noun-verb homophones (e.g. 
frame, plant) as competitors. Because their frequencies were noun-biased, we anticipated more 
competition in noun context than verb context in the case of a facilitatory constraint, but this 
result was not supported statistically. Future work will aim to clarify this as well as the timing of 
the constraint. We conclude that wrong-category lexical candidates do demonstrate 
phonological competition, ruling out complete inhibition as the mechanism for the syntactic 
category constraint.  
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Figure 1: Design and results of visual world experiment 
 

(a) Noun and verb sentence contexts presented auditorily with four noun-only pictures, one 
of which (grapes) is a cohort competitor of the auditory target (gremlin or greet). Critical 
trials do not contain a picture for the auditory target. 
 

“They hated the gremlin in the haunted house.” 
“They hated to greet rude visitors.” 

 

 
 

(b) Competitor advantage, or increase in proportion of fixations to the noun-only competitor 
picture (grapes) relative to baseline, in noun (gremlin) and verb (greet) contexts.  
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Turn-taking differs between parents and therapists speaking to
children with ASD

Micha Elsner & Benjamin Allen (OSU) & Elizabeth Kryszak (Nationwide) & Kiwako Ito (OSU)
elsner.14@osu.edu

Children with Autism Spectrum Disorder (ASD) often lag behind their typically-developing (TD)
peers in communication skills and educational outcomes. These deficits appear to reflect inherent
differences in language processing, but may also be influenced by differences in language input
from caregivers. Indeed, the two can operate in a feedback loop in which parents find it harder
to communicate with ASD children and this leads them to provide less useful input. The right
input can be a critical factor in determining the course of development; Early Intensive Behavioral
Intervention (EIBI), an intervention in which a child spends up to 40 hrs/week interacting with a
treatment team, has been shown to lead to signnifcant gains in language, cognitive, and adaptive
skills in young children with ASD [4]. Yet the precise differences between parental input to TD
vs. ASD children, and the impact of specific language used in EIBI on changes in language and
cognitive skills, have yet to be evaluated.

In this study, we evaluate differences in conversational turn-taking, a critical skill for early social
interactions [5], in three groups (n=10/group): parent-ASD child interactions (avg. age 2;09);
EIBI therapist interactions with the same childen; age-matched parent-TD child controls (3;03).
Recordings of child-therapist interactions represent the first 5 weeks of EIBI. We use samples
from LENA recordings to assemble a large corpus of comparable recordings (30 min/subj, avg
592 utterances, std 172), which are transcribed by hand in the CHAT format.

We follow previous work [2] in analyzing the length of pauses between utterances; we also look
for differences in interruptions (where two transcribed utterances overlap). Unlike in previous work
[3], pause durations and interruption rates do not differ significantly between groups.

We extend our analysis by constructing a shallow dialogue act tagger based on automatically-
produced dependency parse trees [1]. Utterances by adults are categorized as non-sentential
(discourse particles and bare NPs), declarative, imperative, polar question or WH-question. Ut-
terances by children cannot be reliably parsed and are treated as a single category. Proportions
of utterance types across groups of adult speakers are shown in Fig 1. Therapists use more
non-sentential utterances than the other adults.

Table 1 shows matrices of (first, second) utterance, normalized to show the distribution of
continuations after each utterance type. The pattern differs across groups (likelihood ratio of multi-
nomial logit with random effects, p< .001). TD children often speak after parental utterances,
especially questions. ASD children do so less frequently overall, but more often after their parents
than to therapists. Therapists respond more often to child utterances than either group of parents.
They use non-sentential utterances more after all utterance types. Examination of the transcripts
suggests that therapists emphasize their full sentences using repeated non-sentential utterances,
especially discourse markers, filled pauses and exclamations, to retain the child’s attention, co-
ordinate the conversation and reinforce the topic of the discussion. However, perhaps due to
the unfamiliarity of the therapist, this strategy is unsuccessful in eliciting linguistic responses to
questions.

Children with ASD are known to have trouble with conversational coordination [3], a finding
replicated here. Our study goes beyond earlier work by using dialogue acts to find specifically that
ASD children respond poorly to questions, and by comparing conversations between parents and
therapists. We find evidence that therapists use more non-sentential utterances such as discourse
markers. Therapist speech patterns do not approximate TD parental speech but are adapted to
meet the attentional needs of children with ASD.
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Figure 1: Utterance types by speaker category.

Parent - TD child
Counts nsent decl imp polarq whq child

nsent 48 (26-62) 0.20 0.15 0.07 0.08 0.05 0.39
decl 106 (72-148) 0.16 0.22 0.06 0.08 0.04 0.35
imp 76 (46-101) 0.18 0.19 0.07 0.07 0.03 0.44
polarq 88 (46-105) 0.09 0.08 0.02 0.11 0.03 0.66
whq 84 (30-185) 0.05 0.06 0.02 0.08 0.02 0.70
child 64 (40-89) 0.23 0.14 0.06 0.14 0.06 0.33

Parent - ASD child
Counts nsent decl imp polarq whq child

nsent 76 (48-107) 0.36 0.11 0.09 0.10 0.03 0.25
decl 122 (94-190) 0.23 0.22 0.10 0.11 0.03 0.26
imp 52 (47-85) 0.36 0.10 0.18 0.07 0.01 0.24
polarq 68 (55-113) 0.23 0.09 0.08 0.17 0.06 0.27
whq 66 (42-199) 0.15 0.09 0.04 0.11 0.12 0.27
child 34 (15-81) 0.28 0.11 0.07 0.11 0.04 0.39

Therapist - ASD child
Counts nsent decl imp polarq whq child

nsent 152 (96-186) 0.48 0.19 0.10 0.07 0.03 0.08
decl 71 (22-134) 0.37 0.26 0.13 0.10 0.02 0.11
imp 80 (54-109) 0.34 0.15 0.24 0.08 0.01 0.08
polarq 53 (28-101) 0.34 0.15 0.10 0.16 0.03 0.14
whq 104 (45-179) 0.31 0.14 0.04 0.18 0.08 0.10
child 48 (40-61) 0.38 0.14 0.10 0.10 0.05 0.20

Table 1: Dialogue act pair statistics. Row shows first utterance, column second. “Count” col-
umn shows median raw count and quartile range; table shows median probability p(second|first).
(Because they are medians, rows do not sum to exactly 1.)
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Same sized sisters: Relative clause attachment to conjoined NPs  
Antoine Hedier, Peijia Su, Fahima Maouche and Barbara Hemforth (CNRS-Univ. Paris Diderot) 
Barbara.hemforth@linguist.univ-paris-diderot.fr 
 
In a seminal paper, Janet D. Fodor (2002) stated that “psycholinguistics cannot escape 
prosody”. In her so-called Same Size Sister (SSS) principle (“Find a sister of your own size”, 
Fodor, 1998: 302), she claims that syntactic analysis and in particular structural ambiguity 
resolution are affected by metrical aspects of prosody. The central point here is the direction of 
influence: Fodor assumes that prosodic contours are computed very quickly and are used to 
inform syntactic processes, thus directly influencing syntactic phrasing decisions. According to 
the Implicit Prosody Hypothesis (IPH), Fodor further assumes that this prosodic explanation can 
also be applied to silent reading since readers automatically compute a prosodic representation 
of the sentence even while reading silently. Therefore, even in reading experiments, 
psycholinguistics cannot escape prosody because it always plays an important role in informing 
syntactic analysis. 

We applied this hypothesis to the attachment of relative clauses to conjoined relative 
clauses in French sentences like (1-3). 

(1) Les romans et les films qui parlent d'amour m'intéressent. 
Lit.: Novels and movies that talk about love interest me. 
I am interested in novels and films that talk about love. 

(2) Les romans étrangers et les films qui parlent d'amour m'intéressent 
Lit.: Foreign novels and movies that talk about love interest me. 
I am interested in foreign novels and films that talk about love. 

(3) Les romans étrangers du 19ème siècle et les films qui parlent d'amour m'intéressent. 
19th century foreign novels and movies that talk about love interest me. 
I am interested in 19th century foreign novels and films that talk about love. 

RC-Attachment is ambiguous in these sentences in that the relative clause can attach to the 
conjoined NP les romans et les films (high attachment) or to the local NP les films (low 
attachment). Incremental processing predicts a preference for attaching the relative clause to 
the conjoined NP. The SSS, however, predicts that this preference can be modified by the 
length of the constituents. Attachment to the local NP should become more acceptable with a 
long first NP (3). In our Experiment, we asked participants to judge the acceptability of high 
attachment and low attachment interpretations of sentences like (1-3). 30 native French 
participants judged both interpretations (4a,b) for 15 sentences distributed across 3 lists 
following a Latin Square design.  

(4) a. Les romans et les films parlent d’amour./ The novels and films talk about love. 
b. Seuls les films parlent d’amour. / Only the films talk about love. 

As shown in Figure 1, we found a significant interaction between attachment (high/low) and 
length of the first constituent, both in maximal linear mixed models as well as in Cumulative Link 
Mixed Models which are better suited for ordinal scales (all ps < .001). These data provide a 
clear confirmation of a Same Sized Sister principle while a preference for balanced 
semantic/pragmatic weight may play a role as well (Hemforth et al., 2013). 
Another open question is whether these results may be due to 1. the experimental paradigm, 
where participants judge both interpretations for each item; 2. specifics of French prosody. We 
therefore ran a second questionnaire on 16 English sentences (15 translation equivalent plus 
one additional item) with 42 native English speakers recruited on Amazon Mechanical Turk. 
Only the short (1) and the long (3) versions were used in this experiment. Participants only 
judged one interpretation per item on a 7-point scale. Items were distributed across 4 lists. As 
shown in Figure 2, we found the same pattern including a statistically significant interaction of 
length and attachment in English (p<.001).  
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Figure 1: Acceptability judgments for the French experiment  
 

 
 
Figure 2: Acceptability judgments for the English experiment 
 
 
Fodor, J.D. 1998. Learning to Parse? Journal of Psycholinguistic Research 27 (2): 285-319. 
Fodor, J.D. 2002. Psycholinguistics Cannot Escape Prosody. In B. Bel & 
I. Marlien (eds.), Speech Prosody 2002: Proceedings, Aix-en-Provence, France, 11-
13 April 2002. Aix-en-Provence: Laboratoire parole et langage – SProSIG: 83-88. 
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The agent preference in sentence planning is modulated by case marking: Eye tracking 
evidence from Hindi, Basque and Swiss German 
 
Aitor Egurtzegi, Sebastian Sauppe, Damián E. Blasi (U Zurich), Kamal K. Choudhary (IIT 
Ropar), Yingqi Jing (U Zurich), Nathalie Giroud (Concordia U), Shikha Battamishra, Mahima 
Gulati (IIT Ropar), Ina Bornkessel-Schlesewksy (U South Australia), Itziar Laka (U Basque 
Country), Martin Meyer and Balthasar Bickel (U Zurich) 
aitor.martinezegurcegui@uzh.ch 
 
A well-established principle of cognition is a preference for agents. It is instantiated in sentence               
comprehension [1–5], gesture production [6], and in global distributions of grammatical patterns            
[7,8]. However, little is known about the role of the agent preference in sentence planning. While                
standard models of sentence production assume that the first arguments that speakers plan are              
subjects [9], which are most often agents, the degree to which the time course of planning is                 
shaped by how a language’s grammar marks agents is unknown. We tested whether and how               
speakers’ visual attention in the earliest planning stages is modulated when languages use             
special “ergative” markers on agents, either generally or conditionally. In Hindi, ergatives are             
conditioned by transitive syntax and perfective aspect, with all other agents and all intransitive              
subjects appearing in the nominative. In Basque, ergatives are used generally on agents             
(transitive or intransitive), while patients appear in the nominative. We contrasted this with Swiss              
German as control that lacks ergatives. In two eye tracking studies, participants described             
pictures of agent-patient events with SOV sentences [10]. We made two predictions: (1) the              
agent preference is upheld despite the difference between case marking and we thus expected              
speakers to direct their initial attention primarily towards agents because these are the             
instigators of events [11] and therefore central for relational encoding [10]. (2) In conditional              
case marking systems, initial agent attention is reduced by more extensive relational encoding             
when speakers plan ergative-initial sentences which contrast with nominative-initial sentences          
because more event information encoding is necessary to decide between producing an            
intransitive or a transitive sentence. By contrast, identification of an agent may be sufficient for               
deciding on the case marking in unconditional systems. 
The first study focused on the language-internal contrast in Hindi. In a between-subjects design,              
we compared the allocation of early visual attention to agents during the planning of sentences               
with nominative agents and ergative agents (25 participants in each group). Hierarchical            
Bayesian growth curve regression [12,13] (statistically controlling for speech onset latencies and            
NP length) revealed that while agents were preferentially fixated from the outset of planning,              
independent of case marking, speakers directed less visual attention to agents in early planning              
(200-800 ms after picture onset) when they planned ergative-initial sentences. The second            
study contrasted Basque (transitive subjects always ergative-marked, 40 speakers) with Swiss           
German (subjects always unmarked, 26 speakers). In both languages, speakers also           
preferentially fixated agents but we did not find differences based on the different case marking               
systems (the bulk of posterior probability masses of relevant predictor coefficients laid around             
zero). In sum, the agent preference is generally confirmed by our studies, since in all three                
languages speakers allocated most of their visual attention to the agents in the pictures for early                
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relational encoding. This preference is modulated, however, by whether speakers need to make             
a decision about producing an ergative- or a nominative marked agent (Hindi) or whether              
transitive agent subjects are consistently marked (Basque and Swiss German). 
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Maze Made Easy: Better and easier measurement of incremental processing difficulty
Veronica Boyce (MIT), Richard Futrell (UCI), Roger Levy (MIT)
vboyce@mit.edu

The Maze task (Freedman & Forester, 1985) has shown promise as a way to measure
incremental processing difficulty with high sensitivity and accuracy. In particular, it has been claimed
to avoid the spillover effects endemic to self-paced reading (SPR) (Witzel et al., 2012). Here we
demonstrate that the Maze task can be run reliably over the web, and that it is a substantially more
sensitive instrument for measuring incremental processing difficulty than SPR on Mechanical Turk.
Furthermore, we demonstrate and validate a method for automatically generating materials which
dramatically reduces the effort involved in preparing a Maze task experiment while yielding the
same sensitivity and accuracy. The resulting “Auto-Maze” task provides all the advantages of Maze
while being as easy to prepare and run as SPR.

In the Maze task, participants read a sentence word by word (see Figure 1). For each word
position, they see two words, one of which is the next word in the sentence and one of which is a
distractor. In G(rammatical)-maze, the distractor is a real word, but not a grammatical continuation.
In L(exical)-maze, the distractor is a nonce word. Participants press a key to indicate which word
continues the sentence, and then see the next pair of words. The time between key presses is the
dependent measure. If a participant makes a mistake, the sentence terminates, and they continue
to the next sentence.

Our Experiment 1 is a replication of the G-maze, L-maze, and SPR portions of Witzel et al.
(2012) using crowdsourced participants. Witzel et al. (2012) compared the performance of G-maze
and L-maze with SPR and eye-tracking on three types of temporary structural ambiguities: relative
clause attachment height, adverb clause attachment height, and sentence versus noun phrase
conjunctions (S v NP) (see Figure 2 for examples). They found that G-maze was the most sensitive
for the Relative and Adverb conditions, localizing the slowdown strongly on the critical word, but
only eye-tracking was sensitive to the S v NP ambiguity. We replicated the G-maze, L-maze, and
SPR results successfully over Amazon Mechanical Turk with 50 participants for each task, using
the same distractor words as Witzel et al. (2012). Each participant saw 8 practice items, and then
24 sentences of each type (half in each condition) mixed in with 24 filler items. Comprehension
questions were used for the SPR task, but not for either Maze task. Figure 3 shows that G-maze
had the largest and most immediate, localized effects, although none showed significant effects on
the S v NP condition.

Next we introduce A(uto)-maze: a version of G-maze in which distractor words are generated
automatically, thus massively reducing experimenter effort and preparation time. We generate
distractors by harnessing recent advances in NLP. Distractor words are chosen to be matched
in frequency and length with target words, but with much lower probability under state-of-the-art
LSTM language models (Jozefowicz et al., 2016; Gulordava et al., 2018). In Experiment 2, we use
A-maze to successfully replicate the G-maze results. As shown in Figure 3, the A-maze results
are even stronger than the results using the original hand-crafted distractors: using distractors
from one of the LSTM language models, we even find a significant and localized effect for the
S v NP ambiguity, previously detectable only by eye-tracking. The strength of A-maze effects
makes high-powered studies possible with fewer participants (see Figure 4 for results of a power
simulation).

Our results unlock the potential of the Maze task by removing three hurdles to its adoption: (1)
we show that it can be run reliably in a crowdsourced format; (2) we show how to automatically
generate distractors; and (3) we show that the results are relatively invariant to the choice of
distractors. We make our A-maze generation code, as well as the Ibex code for the web-based
Maze task, freely available online at github.com/vboyce/Maze.
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Figure 1: Sample Maze

��7KH���������[�[�[
�����RI���������GRJ
SUHWW\�����FKDVHG
����WKH�������HDW
����JR��������FDW�WLPH

Participants see two words at a
time and have to select the cor-
rect word. They then see the
next pair of words.

Figure 2: Sample Stimuli (disambiguating words are highlighted):

Relative Clause– Low attachment:

The son of the lady who politely introduced herself was popular at the party.
Relative Clause – High attachment:

The son of the lady who politely introduced himself was popular at the party.
Adverb clause – Low attachment:

James will fix the car he drove yesterday, but he will need some help.
Adverb Clause – High attachment:

James will fix the car he drove tomorrow, but he will need some help.
Sentence v Noun Phrase conjuction (S v NP) – With comma:

The swimmer disappointed her coach, and her mother tried to console her.
Sentence v Noun Phrase conjuction (S v NP) – No comma:

The swimmer disappointed her coach and her mother tried to console her.

Figure 3: Results
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Penalty for high attachment or no comma conditions Figure 3 shows the mean difference in
reading time between the dispreferred
conditions (high attachment or no comma)
and the preferred conditions. For the
Relative and Adverb conditions, G-maze
and both A-mazes show a significant
difference at the disambiguation word
(word 0).

Figure 4 shows the estimated power for dif-
ferent participant numbers. As SPR has
spillover effects, power for SPR was calcu-
lated on the summed 0-3 word region. G-
maze and A-maze have much higher power
than SPR or L-maze in Relative and Adverb
conditions.

References: Witzel, N., Witzel, J.,
& Forster, K. (2012). J Psycholin-

guist Res 41(2): 105-128.• Freedman,
S. and Forster, K. (1985). Cognition

19. • Gulordava, K., Bojanowski, P.,
Grave, E., Linzen, T., & Baroni, M.
(2018). Proceedings of NAACL-HLT

2018. 1195-1205. • Jozefowicz, R.,
Vinyals, O., Schuster, M., Shazeer, N.,
& Wu, Y. (2016). Exploring the limits
of language modeling. arXiv preprint
arXiv:1602.02410.

Figure 4: Power Simulation
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EEG signatures of perceptual reversals of bistable visual and linguistic stimuli
Kevin Ortego, Michael Pitts, and Enriqueta Canseco-Gonzalez (Reed College)
ecanseco@reed.edu

 The brain is constantly faced with ambiguous information, both in sensory and linguistic 
domains, and its ability to effortlessly interpret these ambiguities is one of its most impressive 
features. The study of ambiguous visual stimuli has provided a wealth of knowledge about how 
the visual system creates coherent representations of the world from inherently noisy and 
overwhelmingly dense sensory inputs.  The Reversal Negativity (RN) is an event-related 
potential (ERP) elicited when one’s subjective perception of a bistable ambiguous figure, such 
as the Necker Cube or Rat-Man drawing, switches from one of its possible interpretations to the 
other.  The RN is thought to reflect a change in the perceptual configuration of a stimulus’ 
current representation in the brain, and has been observed in response to other forms of 
perceptual switching, such as binocular rivalry, as well as in the auditory modality.  The current 
study investigates whether ambiguous sentences having two valid interpretations (e.g. “The 
chicken is ready to eat”) are represented in a similar bistable fashion as these ambiguous 
figures and whether a similar reversal signature is present when one’s interpretation of these 
sentences switches.
 To investigate this question, we recorded brain activity from 24 participants using EEG 
while presenting them with ambiguous figures followed by disambiguated variants, and 
ambiguous sentences followed by line drawings depicting one of the sentence’s two possible 
meanings.  The ambiguous figures consisted of Schroeder’s Staircase, a Necker lattice, and the 
Rat-Man, along with their disambiguated variants.  The sentences consisted of “The chicken is 
ready to eat,” “I saw her duck,” and “She hit the man with the umbrella,” with corresponding 
drawings depicting each possible interpretation of these sentences.  On each trial, participants 
indicated whether or not the disambiguating stimulus matched their subjective interpretation of 
the previously seen ambiguous figure or sentence.  We then compared ERPs elicited by these 
disambiguating stimuli in mismatching (reversal) reports vs. matching (stable) reports.  
Replicating previous findings, we observed the typical RN associated with reversals of the 
bistable visual figures.  In response to reversals of our “bistable” ambiguous sentences, we 
identified a large, frontally-distributed negativity effect occurring over a similar time-course as 
the visual RN.  We interpret this finding as evidence that the brain may engage in similar types 
of processing and perceptual switching across different types of bistable ambiguities, in this 
case for more abstract “conceptual” ambiguities such as those present when forming 
representations of sentences.

mailto:ecanseco@reed.edu
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Language control in habitually code-switching bilinguals: Does cognitive control decline 
with code-switching 
Souad Kheder (University of Florida) 
skheder@ufl.edu 
 
Bilinguals use cognitive control processes to restrict interference and resolve language conflict 
resulting from the simultaneous activation of both languages (Wu and Thierry, 2010). It is 
assumed that the constant control for languages enhances the bilinguals’ general cognitive 
control even for non-verbal interference (Bialystok et al., 2009). However, bilinguals from code-
switching communities may not control for interference since they use both languages in the same 
sentence, suggesting that code-switchers may not have enhanced control abilities. In addition, 
bilingual experience is better determined by both the daily usage of languages and language 
proficiency. Therefore, in order to untangle the effect of bilingualism from the effect of weaker 
proficiency, we examine the interaction between the frequency of daily code-switching and 
proficiency in the non-dominant language (L2 French). 134 Algerian bilinguals who codeswitch 
between Arabic and French took a language survey to assess code-switching frequency and 
completed the Simon task to evaluate their ability to control for non-linguistic interference. We 
examined whether reaction times (RTs) from the Simon trials in a high-monitoring condition (50% 
congruent-50% incongruent) are modulated by code-switching frequency. If code-switching does 
not exercise cognitive control, there should not be a difference between bilinguals who code-
switch more often and those who rarely code-switch.  
 
Simon task procedure: bilinguals saw a series of boxes on the computer’s screen, one box at a 
time. The boxes varied in color (red or blue) and location (left or right of fixation point). Participants 
had to respond based on the color of the box disregarding its location, by pressing a button to the 
left when they saw the blue box, and a button to the right when they saw the red box. Trials were 
congruent (the stimulus and response locations matched e.g., both left), or incongruent (the 
stimulus and response locations did not match, e.g., one left and the other right). Differences 
between RTs to congruent trials versus incongruent trials reflect the ability to inhibit irrelevant 
information.  

 
As expected, bilinguals responded faster to congruent than to incongruent trials. However, RTs 
changed over the course of the experiment leading to a smaller Simon effect depending on the 
bilinguals’ level of proficiency in L2 French and on their daily frequency of code-switching. While 
bilinguals of all proficiency levels became slower over time in the congruent trials, RTs to 
incongruent trials remained rather stable or numerically slightly faster. However, the interaction 
between proficiency and the frequency of code-switching showed that the high proficient 
bilinguals who were also frequently code-switching performed faster over time in the incongruent 
trials and consequently had the smallest Simon effect. Although high proficiency seems to have 
a bigger effect, group comparisons showed that high proficiency bilinguals who were not 
frequently code-switching did not perform differently from low proficient bilinguals who were 
frequently code-switching suggesting an effect of the frequency of code-switching. The interaction 
between proficiency and the frequency of code-switching emphasizes the role of code-switching 
in exercising cognitive control and monitoring abilities in bilingual speakers. 
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Verbs retrieve subjects, not clausal attachment sites 
Netta Ben-Meir, Nick Van Handel, & Matt Wagers (University of California, Santa Cruz) 

nbenmeir@ucsc.edu 
 

Similarity-based interference can cause difficulty in processing subject-verb dependencies: 
when an intervening subject matches the retrieval cues of the matrix verb, the parser may 
erroneously retrieve the intervener [1, 2]. Previous studies have identified the relevant 
dimensions of similarity for subjects [1, 2, 3], but none have explicitly attempted to disentangle 
the contribution of tensed clauses from their subjects. These clauses could lead to interference 
if the parser retrieves the embedded clause as the attachment site for the matrix verb [1]. In two 
experiments, we replicate previous findings of subject interference but fail to find evidence for 
interference from embedded clauses. 
Design. To probe the sources of interference we manipulated the complexity of potential 
interveners by elaborating them with additional modifiers. This makes the intervener a stronger 
competitor during retrieval by raising its baseline activation; when it matches the retrieval cues 
of the verb, it is relatively more accessible in memory [3, 4]. In COMPLEX SUBJECT conditions, the 
modifier attached to the subject, while in COMPLEX CLAUSE conditions it attached at the clause 
level (Table 1). In the BASELINE condition we elaborated the embedded object, because it should 
be minimally targeted by the matrix verb’s retrieval cues [3, 5]. 
Experiment 1. We first conducted a word-by-word self-paced reading study (N = 61) using 
prepositional phrase (PP) modifiers with matched content. At the site of retrieval, the matrix 
auxiliary verb (was), we found that the COMPLEX SUBJECT condition was read more slowly than 
the BASELINE condition (22 ms ± 11 ms; p = .057). Moreover, at the spillover preposition (in), the 
COMPLEX CLAUSE condition was read faster than BASELINE (-21 ms ± 10 ms; p < .05; Figure 1). 
We conclude that intervening subjects of tensed clauses can generate interference, but 
intervening clauses do not. However, faster reading times may stem from an antilocality effect 
[6]: additional clause-final modifiers increase the expectation of exiting the embedded clause, 
which facilitates reading and could mask any interference-based difficulty. Experiment 2 
addresses this issue with a different modification strategy. 
Experiment 2. A follow-up phrase-by-phrase self-paced reading study (N = 58) kept the number 
of clause-final modifiers constant across conditions by using pre-head modifiers instead of PPs 
(Table 2). Preverbal and prenominal modifiers were matched for frequency. At the spillover PP 
(in the streets), COMPLEX CLAUSE conditions were read faster than BASELINE (-33 ms ± 18 ms; p 
= .065) or COMPLEX SUBJECT (-32 ms ± 19 ms; p = .091). The BASELINE and COMPLEX SUBJECT 
conditions were not significantly different in this region, nor were there any significant 
differences between conditions at the retrieval site (was celebrating). We conclude that clausal 
interference, if it occurs, does not slow processing to the same extent as elaborated noun 
phrases (NPs). 

Our results provide evidence that similarity-based interference may be triggered by subjects 
but not by clauses. The difference between BASELINE and COMPLEX CLAUSE in Experiment 2 
suggests that complex objects may give rise to interference, contra Experiment 1 and previous 
studies [3, 5]. This could be due to the difference between pre- and post-nominal modification: 
elaboration prior to encountering the head could lead to deeper encoding. A less interesting 
possibility is that the BASELINE was spuriously inflated by phrase-by-phrase reading. Further 
investigation is needed to determine whether clausal interference was not observed because 
English has limited verbal morphology to cue clausal attachment sites (a language-specific 
property) or because the verb’s retrieval cues target argument structural properties rather than 
phrase structural properties. 
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Initially, the bookie who expected that  …  was celebrating in the streets. 

Baseline the fighter would defeat the challenger from the city on Saturday  

Complex Subject the fighter from the city would defeat the challenger on Saturday 

Complex Clause the fighter would defeat the challenger on Saturday in the city  

 Table 1. Sample Item from Experiment 1.          

 
Figure 1. Experiment 1 word-by-word reading times at retrieval site and surrounding regions. 
 

Initially, | the bookie | who expected that |  …  | was celebrating | in the streets | joyfully. 

Baseline  the fighter | would defeat | the very determined challenger | on Saturday  

Complex Subject the very determined fighter | would defeat | the challenger | on Saturday 

Complex Clause the fighter | would very likely defeat | the challenger | on Saturday  

Table 2. Sample Item from Experiment 2 with regions. 

 
Figure 2. Experiment 2 region-by-region reading times at retrieval site and surrounding regions. 
 
References. [1] Van Dyke, J. A., & Lewis, R. L. (2003). Journal of Memory and Language [2] Van Dyke, 
J. A. (2007). Journal of Experimental Psychology: Learning, Memory, and Cognition  [3] Arnett, N., & 
Wagers, M. (2017). Journal of Memory and Language [4] Hofmeister, P., & Vasishth, S. (2014). Frontiers 
in psychology  [5] Van Dyke, J. A., & McElree, B. (2011). Journal of Memory and Language [6] Vasishth, 
S., & Lewis, R. L. (2006). Language  



Computing object agreement in Georgian is easier than computing subject agreement 
Steven Foley & Matt Wagers (UC Santa Cruz) 

srfoley@ucsc.edu 
 Introduction • Verbal agreement is well studied in sentence processing, but research has 
focused almost exclusively on agreement dependencies between verbs and their subjects. Just 
a handful of studies have compared subject–verb and object–verb agreement (all on Basque). 
Results from both production [1] and ERP studies [2, 3] suggest that the two types of 
dependencies are processed qualitatively differently in that language. 
 The present study explores this claim in Georgian, to test whether asymmetries in processing 
subjects vs. objects are grounded in the syntactic representation per se, or from the mapping of 
morphological cues to argument features. This language makes for a particularly good testing 
ground, since its agreement morphemes ‘invert’ their roles in certain contexts: affixes that usually 
index subjects will occasionally index objects, and vice versa. It is thus possible to tease apart 
whether perceptual difficulty arises from an agreement dependency’s syntactic properties (if it 
tracks a subject or object), or from its morphological properties (if it involves a more or less 
frequent mapping between morphemes and syntactic roles). Based on a speeded acceptability 
task, we find that processing difficulty seems to depend on both these factors: intuitively, 
agreement errors are harder to detect if they involve the rarer morphosyntactic mapping; and, 
counterintuitively, harder if they track subjects. 
 Design • Georgian verbs agree with both their subjects and objects, but agreement 
morphemes can be mapped to syntactic roles in two different ways, depending on the verb’s 
tense. Most tenses exhibit the Normal Mapping (1): one set of affixes (‘Set A’, including the prefix    
v–) indexes subjects, and another (‘Set B’, including m–) indexes objects. In contrast, the perfect 
tenses exhibit the Inverse Mapping (2): now Set A morphemes indicate objects, and Set B 
morphemes indicate subjects. We tested Georgian speakers’ sensitivity to agreement in an 
acceptability judgement study (NSUBJ=55). 64 item-sets were constructed in a 2×2×2 design, 
crossing agreement Controller (1st/2nd-person Subject, Object), agreement Mapping (Normal, 
Inverse), and Grammaticality (✓Grammatical, *Ungrammatical). A sample itemset is given in (3). 
Word order (SOV or OSV) was counterbalanced across itemsets. Stimuli were presented via 
RSVP; and participants gave a speeded judgement, followed by a confidence rating. 
 Results • There were more errors in Inverse Mapping conditions (p < .01), and — perhaps 
surprisingly — there were also slightly more errors in Subject Controller conditions (p < .10). In 
judgment times, we found that ungrammatical conditions were fastest to be judged correctly            
(t = 3.5), and that ungrammatical object conditions were recognized even faster (t = 3.3). An ROC 
curve analysis [4] showed that da, a robust measure of sensitivity, is highest for normal object 
agreement, and lowest for inverse subject agreement (full details omitted; see Table 1). 
 Discussion • The fact that speakers are less sensitive to grammaticality when inverse 
agreement is used is genial to many approaches, because the Inverse Mapping is less common 
and more morphosyntactically marked. But, the fact that object agreement is more reliably 
processed than subject agreement in Georgian is prima facie a challenge for existing findings, 
where subject agreement often seems to be easier. Yet we remain skeptical of positing inherent 
complexity differences between subject/object agreement. In further analyses, we examined the 
effects of temporary ambiguities in our stimuli stemming from word order and case syncretisms 
in pronouns. We found that object agreement was overall best discriminated in SOV clauses       
[da: 1.47], and subject agreement in OSV clauses [da: 1.44] — both orders in which the argument 
that controls an agreement prefix is linearly most local, and/or where uncertainty due to 
pronominal case syncretism may be alleviated by morphological cues from a preceding co-
argument. Generally, we conjecture that object agreement will be correctly computed more often 
because there are fewer case values compatible with being an object [cf. 5]. There are thus fewer 
incremental hypotheses to resolve, rightly or wrongly. This is an open area for future investigation 
in Georgian. 
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(1) Normal Agreement Mapping — Set A (v– …) = S.AGR; Set B (m– …) = O.AGR  
 a. me datv-s v-naxav. b. datv-i me m-naxavs. 
  1SG(.NOM) bear-DAT 1SG.SET.A-see.FUT  bear-NOM 1SG(.DAT) 1SG.SET.B-see.FUT 
  ‘I will see see the bear.’         ‘The bear will see me.’ 
(2) Inverse Agreement Mapping — Set A (v– …) = O.AGR; Set B (m– …) = S.AGR  
 a. me datv-i m-inaxavs. b. datv-s me v-unaxivar. 
  1SG(.DAT) bear-NOM 1SG.SET.B-see.PERF  bear-DAT 1SG(.NOM) 1SG.SET.A-see.PERF 
  ‘I have seen see the bear.’  ‘The bear has seen me.’ 
(3) Sample Stimuli 
 a. 1st/2nd-person subject, Normal agreement 
  me kal-s ṭq̇e-ši {✓vnaxav, *mnaxavs}. 
  1SG(.NOM) woman-DAT forest-in {see:FUT.1>3, *see:FUT.3>1} 
  ‘I will see the woman in the forest.’ 
 b. 1st/2nd-person subject, Inverse agreement 
  me kal-i ṭq̇e-ši {✓minaxavs, *vunaxivar}. 
  1SG(.DAT) woman-NOM forest-in {see:PERF.1>3, *see:PERF.3>1} 
  ‘I have seen the woman in the forest.’ 
 c. 1st/2nd-person object, Normal agreement 
  kal-i me ṭq̇e-ši {✓mnaxavs, *vnaxav}. 
  woman-NOM 1SG(.DAT) forest-in {see:FUT.3>1, *see:FUT.1>3} 
  ‘The woman will see me in the forest.’ 
 d. 1st/2nd-person object, Inverse agreement 
  kal-s me ṭq̇e-ši {✓vunaxivar, *minaxavs}. 
  woman-DAT 1SG(.NOM) forest-in {see:PERF.3>1, *see:PERF.1>3} 
  ‘The woman has seen me the forest.’ 

Controller Mapping Gram. Accuracy RT da 

Subject 

Normal (3a) 
✓ 63% 1059 (36) 1.2  

[1.1, 1.4] * 83% 1019 (34) 

Inverse (3b) 
✓ 60% 1016 (34) 

0.9  
[0.7, 1.1] * 79% 1059 (35) 

Object 

Normal (3c) 
✓ 65% 1046 (35) 1.3  

[1.1, 1.5] * 86% 901 (31) 

Inverse (3d) 
✓ 64% 1071 (34) 

1.2  
[1.0, 1.4] * 82% 956 (33) 

Table 1: Percent correct, mean judgement reaction time in ms (SEs), 
and da calculated from an unequal-variance binormal ROC curve (95% C.I.s, via bootstrap) 

References • [1] Santesteban, M., et al. 2013. JML, 68:160–179. [2] Zawiszewski, A., & A. D. 
Friederici. 2009. Brain Research, 1284:161–179. [3] Chow, W. Y., et al. 2018. Cortex 99, 319–
329. [4] Macmillan, N.A. & Creelman, C. D. 2005. Detection theory: A user’s guide. Psychological 
Press. [5] Skopeteas, S., et al. 2012. In Case, Word Order and Prominence. Springer. 



 

Evidence for integration of noisy linguistic evidence and prior expectations depends on 
the task 
Eli Kane & L. Robert Slevc (University of Maryland, College Park) 
Eli.mikane@gmail.com 

 
Psycholinguistic work on sentence processing has traditionally assumed “clean” error-

free input to the processor and parsing has often been viewed as a modular process that is 
unaffected by non-syntactic factors such as context or plausibility (e.g., Frazier & Fodor, 1978). 
However, other work suggests that parsing and interpretation rely on rational integration of 
“noisy” language input (i.e., prone to error in transmission) with the likelihood of that perceived 
input (e.g., Levy 2008). An influential set of experiments that support this idea of a noisy 
channel parser comes from Gibson et al. (2013), who presented participants with sentences 
such as (1), which crossed plausibility and syntactic structure. Participants were likely to answer 
questions like (2) based on plausibility rather than literal syntax for implausible sentences, 
especially for sentences like (1d), where one need only assume a deletion (i.e., having not 
perceived an intended “for”) compared to (1c) where one need assume an insertion (i.e., having 
perceived a non-intended “for”).  

 
(1) a. Plausible/PO: The cook baked a cake for Lucy. 

b. Implausible/PO: The cook baked Lucy for a cake. 
c. Plausible/DO: The cook baked Lucy a cake. 
d. Implausible/DO: The cook baked a cake Lucy. 

 
Because this research assessed listeners’ interpretation via questions, the integration of 

plausibility with noisy input may not have occurred during parsing/interpretation of the sentence 
itself, but instead when evaluating the plausibility of answers to the following questions. To 
assess this possibility, we conducted two pre-registered experiments: first to replicate the 
effects shown by Gibson et al., and then to evaluate these effects when assessing listeners’ 
sentence interpretations without asking questions (cf. Patson et al., 2009). Statistical power was 
estimated using simulations (Green & MacLeod, 2016) based on data from Gibson et al. (2013) 
and evidence for or against effects was assessed with Inclusion Bayes Factors (BF) on matched 
models using default priors. In both experiments, participants heard plausible and implausible 
variants of datives as in (1). In Experiment 1, following Gibson et al., participants answered a 
yes/no question following each sentence as in (2), where a non-literal interpretation was 
indicated by an incorrect answer to the question. We replicated those previous results: “literal” 
responses (based on the syntax) were less common for implausible than plausible sentences, 
especially for DO datives (Fig. 1; interaction BF = 4.90), suggesting that listeners integrated 
plausibility with the likelihood that the input parse was corrupted by noise.  

 Experiment 2 asked to what extent this integration of plausibility with the perceived input 
structure reflects processing of the parse/interpretation of the initial sentence versus processing 
of the question. Participants heard the same sentences, but instead of responding to yes/no 
questions, were simply instructed to type the sentence they heard. Here, a non-literal 
interpretation was indicated by a repetition using the opposite dative structure. Plausibility 
influenced repetition (BF = 6,790), but there was no evidence that this interacted with structure 
(Fig 2; interaction BF = 1.00). A cross-experiment comparison yielded strong evidence that the 
effect of plausibility differs across tasks (a plausibility-by-experiment interaction BF = 167,000).  

 These data suggest that comprehenders may indeed integrate syntactic parses with 
prior plausibility, however reliance on plausibility is more likely when an implausible parse is 
highlighted, for example when evaluating a previous interpretation while answering a question.  

(2) Did the cake receive something? 
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Figure 1: Proportion of yes/no question 
answers based on literal syntax as a 
function of plausibility and structure. Error 
bars indicate standard errors.  
 

Figure 2: Proportion of sentence repetitions 
using the literal structure (compared to the 
alternate dative form) as a function of 
plausibility and structure. Error bars indicate 
standard errors.  
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Fixation measures as a function of comprehension accuracy 
Maria Varkanitsa & David Caplan (Massachusetts General Hospital - Harvard Medical School) 
dcaplan@partners.org 
This study explores real time processing of sentences containing temporary syntactic 
ambiguities. The question we aimed to answer is whether different eye movement patterns are 
associated with correct and incorrect responses. 

Thirty-eight English speaking young adults (3 males; mean age = 25.08, mean education 
level = 17.13 years) participated in an eye-tracking during reading experiment. Linguistic stimuli 
consisted of temporary ambiguous sentences along with their unambiguous version (see Table 
1). The distance between the critical noun phrase and the disambiguating region was also 
manipulated by modifying the noun phrase with a relative clause. There were 20 items per 
sentence type; each participant read all four versions of each item, across four experimental 
sessions. Participants were instructed to read carefully and answer specific comprehension 
questions that followed each target sentence. We asked questions directed at the attachment 
site of the critical noun phrase and the disambiguating verb. Statistical analyses were carried 
out in R, using linear mixed effect models. In order to answer our experimental question, 
accuracy was included in the analyses as a factor. 

We here report data from trials associated with the questions regarding NP attachment. 
Participants incorrectly replied YES to the critical question 33% of the time. There were different 
eye movement patterns in correct and incorrect trials. In correct trials, participants exhibited 
longer first pass times on the disambiguating verb in short ambiguous sentences than in short 
unambiguous sentences (Fig.1), and longer go-past times on the same region in long sentences 
than in short sentences (Fig.2). In incorrect trials, short unambiguous sentences elicited longer 
first pass times on the disambiguating verb than short ambiguous sentences (Fig.1), and short 
ambiguous sentences elicited more regressions into the ambiguous region than long ambiguous 
sentences (Fig.3). The effects of ambiguity and length associated with accurate responses can 
be interpreted as effects of processing load. The findings associated with errors cannot be 
attributed to processing load, since longer fixations and more regressive eye movements 
occurred in the less demanding versions of the sentences. They do not appear to reflect speed-
accuracy trade-offs, since error rates were not higher in the sentence versions in which shorter 
fixations and fewer regressions occurred. The reason for longer fixation durations in easy 
structures in which participants make errors is unclear.  

The implications of this study are primarily methodological. Amalgamating responses to 
trials that are and were not understood correctly may obscure on-line behaviours associated 
with only one type of trial. Since inferences about parsing operations based on on-line 
behaviours are based on the assumption that the postulated operations contribute to accurate 
parsing and interpretation, it is important to base such inference on on-line behaviours in trials in 
which there is evidence that participants understood the aspect of the sentence to which the 
postulated parsing operation is thought to contribute. Therefore, it is important both to ask 
questions about specific aspects of sentences and to examine behaviours as a function of 
accuracy in responding to such questions. In practice, this will complicate experimental design. 
It will usually require asking questions about each sentence, as well as questions about other 
aspects of the sentence to avoid drawing participants’ attention to part of the stimulus and 
developing an ad-hoc processing strategy. 
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Table 1 Experimental design details 

Experimental conditions: 
1. While the man | hunted | the deer | | ran | into the woods. 
2. While the man | hunted,| the deer | | ran | into the woods. 
3. While the man | hunted | the deer | that was brown and graceful | ran | into the woods. 
4. While the man | hunted,| the deer | that was brown and graceful | ran | into the woods. 
 
Comprehension probes: 
(a) Did the man hunt the deer? 
(b) Did the man run into the woods? 
(c) Did the deer run into the woods? 
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Pragmatic inferences are modulated by informativity across cultures 
Rachel Ryskin 1 , Miguel Salinas 1 , Steven Piantadosi 2 , Paula Rubio-Fernández 1  & Ted Gibson 1 

ryskin@mit.edu ; 1. MIT, 2. UC Berkeley 
Listeners routinely make sophisticated pragmatic inferences during real-time comprehension. 
For instance, when they hear “Hand me the big…,” they anticipate the referent to be one of a 
pair that differ in size (e.g., big cup and small cup; [1]). This inference is thought to reflect the 
listener’s expectation that speakers aim to be optimally informative --saying enough to deliver an 
unambiguous message, but no more than necessary [2]. However, contra this Gricean 
explanation, English listeners appear not to anticipate a contrast when they hear a color modifier 
(e.g., “Hand me the blue…” [3,4]; cf. [5]). Here,  we study pragmatic (contrastive) inference in 
the   Tsimane’,  an indigenous people of the Bolivian lowlands, in order to 1)  probe whether 
informativity expectations are fundamental to language processing or an adaptation specific to 
industrialized cultures , and 2) test the pragmatic inference account by  analyzing modifier 
interpretation in a language that differs from English in the use of size and color modifiers .  

English speakers use size modifiers informatively (they include them when a bare noun 
would be ambiguous and they usually omit them when they are not required for disambiguation) 
but, they use color modifiers redundantly   (e.g., “Show me the blue shirt” even if there is no other 
shirt; [6,7]). Use of size modifiers is not well-documented in Tsimane’ (relevant production data 
are forthcoming) but they are known to use color modifiers at a much lower rate than English 
speakers, perhaps because they are less likely to refer to objects that differ exclusively in color 
than people in industrialized cultures [8]. Thus, we predict that the presence of both size and 
color modifiers should be informative in Tsimane’ and both should elicit contrastive inferences. 

Methods:  Eye-gaze data were collected from 60 Tsimane’ participants (data collection 
ongoing for English-speaking controls) in a visual world paradigm experiment modeled on [1]. In 
120 trials, participants observed a 4-picture display (Fig. 1) and followed auditory instructions in 
Tsimane’ (recorded by a translator), such as “Show me the blue cup.” We manipulated contrast 
(presence vs. absence of a size- or color-contrasted pair in the display) and modification type: 
size  (big, small),  color word properties  (“low-entropy” colors are used consistently and reliably 
by Tsimane’ speakers and “high-entropy” colors are used inconsistently; [8]) and  target 
properties  (color modifiers preceded either natural or artificial [industrialized] objects).  Results: 
Looks to the Target in a 1.4s (mean duration of modifier + noun) time-window starting 200ms 
after modifier onset (see Fig. 2) were analysed with autoregressive logistic mixed-effects 
models. We observe a size contrast effect (Target looks more likely in Contrast than No Contrast 
condition; odds ratio [OR]: 1.16) and color contrast effects (high-entropy natural OR: 1.06, 
high-entropy artificial OR: 1.04, low-entropy artificial OR: 1.04). Only the low-entropy natural 
color contrast effect (OR: 0.97) was significantly reduced relative to size, though inspection of 
the timecourse suggests that target items in that category were unintentionally more predictable, 
which may have reduced the need for inference or the ability to detect it. 

Discussion:  First, Tsimane’ speakers made anticipatory looks consistent with contrastive 
inference while listening to size-modified references, pointing to a  universal expectation that 
speakers typically choose their utterances to be optimally informative . Second,  the contrast 
effect was not significantly smaller for color modifiers relative to size, except in the case of 
low-entropy color modifiers followed by natural objects.  The latter corresponds to the color 
modification situation most likely to elicit redundancy expectations in Tsimane’, which may 
account for the lack of inference (but see above for alternative explanation). Control data with 
English speakers (forthcoming) are needed in order to make strong comparative claims, but the 
current data suggest that listeners’ inferences may be tuned to the informativity of modifier use 
particular to their linguistic and cultural experience. 
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Figure 1. Example display corresponding to “Show me the big 
cup.” (Contrast condition - Size modification).  Top left:  Target. 
Top right:  Target pair (replaced with a small distractor image 
in No Contrast condition).  Bottom left:  Competitor.  Bottom 
right:  Distractor. 

 
 

Figure 2.  Average timecourse of looks to Target and Competitor images by Condition, 
separately for each modifier category. Grey lines indicate beginning of analysis window (200ms 
after modifier onset). Error bars are bootstrapped 95% CIs. 
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How do repeated result states fare in sentence comprehension and production? 
Sarah Hye-yeon Lee & Elsi Kaiser (University of Southern California) 

sarahhl@usc.edu 
Prediction mechanisms used in comprehension have been claimed to resemble or overlap 

those involved in production (e.g. [2], [6]). To explore this in the domain of event structure, we test 
how discourse level information and verbs’ lexical semantics guide expectations/predictions in 
comprehension (Exp.1) and production (Exp.2). Specifically, we investigate the processing and 
production of result states after change-of-state events (e.g. hitting, breaking). Crucially, these 
events can be described with verbs that do or do not semantically encode result states. This 
allows us to compare production/comprehension of result states that are either already lexically 
encoded in the preceding verb (i.e. repeated result states) or pragmatically inferred. 

Background: Lexical semanticists (e.g. [7]) have identified two verb classes based on what 
the lexical meaning of the verb encodes: result verbs (e.g. break, shatter) encode the result state 
of an action; manner verbs (e.g. hit, strike) encode the manner, but not the result, of the action. 

Questions: (i) How do verb type and discourse context guide expectations about an 
upcoming result state during comprehension? (ii) Do we observe similar effects in production?  

Exp. 1 (N=40, self-paced reading) manipulated (i) context type (result-supporting vs. neutral) 
and (ii) verb type (mannerV vs. resultV) (2×2, Table 1). The result-supporting context focuses on 
the 'fate'/result state of the object, unlike the neutral context. Nonce nouns were used to avoid 
noun semantics influencing the plausibility of result attainment. All targets contain a result phrase 
(e.g. damaged). How do context and verb type influence how quickly the result phrase is read? 

Results (Fig. 1): The result phrase (e.g. damaged) was read faster after resultV (lmer, 
t=2.71). There was also a significant interaction (t=2.05): in result-supporting contexts, RTs for 
result phrases in the mannerV and resultV condition do not differ (t=0.19). In neutral contexts, 
RTs for result phrases in the mannerV condition are longer than in the resultV condition (t=3.14).  

Discussion: Lexical (verb class) and discourse-level information both guide comprehenders' 
expectations for an upcoming result phrase, thereby facilitating processing. To probe whether this 
expectation pattern is shared with the production system, we conducted Exp. 2. 

Exp. 2 (N=40) investigates the role of lexical (verb type) and discourse level information in 
mentioning result in the upcoming discourse. We adapted the stimuli from Exp.1, truncating them 
before the result phrase (Table 2). Participants wrote completions for these clause fragments. 
The continuations were analyzed for (i) whether or not they describe a result and (ii) if so, what 
kind (ex. in Table 3): Direct result describes an immediate result state that follows directly from 
the action. Indirect result describes an indirect consequence/event that follows the result state. 

Results: Overall, people produce more result-related continuations after resultV than after 
mannerV (|t|=3.93), regardless of context (no context effect, no interaction, Fig.2). However, when 
we look more closely at the subtypes of result-related continuations (Fig 3), the proportion of direct 
results is higher in the mannerV conditions (|t|=2.03). There is no context effect and no interaction. 

Discussion: Mentioning a direct result is less preferred after a resultV than after a mannerV. 
Studies investigating the establishment of co-reference with repeated names have often found 
processing costs on the repeated noun—the repeated name penalty (e.g. [3], [5]), which has been 
attributed to general pragmatic principles (e.g. [1]). Our results are in line with this general idea 
that unnecessary repetition is dispreferred due to pragmatic principles. 

Overall, we find that both the comprehension and production systems have a stronger 
preference for a result-related linguistic expression after encountering a resultV than a mannerV. 
Our study provides new insights on the processing and production mechanisms related to 
repetition: we find no processing costs related to repeating a result state in comprehension, but 
in production, repeating a result state entailed by the verb is less preferred. We conclude that 
although comprehension and production may be closely related, some biases (e.g. dispreference 
against repetition) are reflected more in production than in comprehension because production 
often involves deciding between options and can trigger more engagement (see e.g., [4]). 
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Figure 1: Reading Times at the Result Phrase Region Figure 2: Proportion of Result-related Continuations 

Table 1: Sample Target Item for Exp. 1 (34 targets, 48 fillers) 
Trevor called and asked Mary what happened tores.supp.Context/aboutneutralContext the merick. 
She replied that she hitmannerV/brokeresultV it in the morning on Monday.  
She said that it is damagedresult-phrase and that she feels very sorry about this. 

 
Table 2: Sample Target Item for Exp. 2 (24 targets, 24 fillers) 
Trevor called and asked Mary { what happened to / about } the merick. 
She replied that she { hit  / broke } it in the morning on Monday.  
She said that it is … 

 
Table 3: Examples of Types of Continuations from Experiment 2  
Jim called and asked Jessica [what happened to/about] the crail. She answered that she 
jabbed it at noon on Wednesday. She also said that it is … 
Direct result full of holes now. 
Intermediate result leaking a little bit. 
Indirect result going to be replaced later this afternoon. 
Non-result a bit rusty and probably was about to cave in anyway. 
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Figure 3: What kind of result? 



Semantic predictability of implicit causes affects referential form choice 
Kathryn C. Weatherford & Jennifer E. Arnold (UNC-Chapel Hill) 

kaycew@live.unc.edu 
In discourse, certain event roles are more likely to be mentioned again. In Gary scared Anna 

or Anna feared Gary, most people assume that Gary is the cause of the event, so after the word 
“because”, they expect Gary to be mentioned. Similarly, in John threw the ball to Sue or Sue 
caught the ball from John, people expect the goal character, Sue, to be involved in the following 
discourse (Stevenson et al., 1994). In both examples, one referent is more predictable. How 
does this affect the speaker’s word choice? It is well established that speakers tend to use 
attenuated word forms for predictable information, for example shorter pronunciations (Bell et 
al., 2009; Lieberman, 1967), or shortened words (e.g., “info” vs. “information”; Mahowald et al., 
2013) when the context makes a word predictable. This work predicts that when the referent is 
predictable, speakers should prefer pronouns as compared with longer and less frequent 
names. In addition, predictability may contribute to accessibility (Chafe, 1976; Prince, 1981), 
which is thought to drive the use of pronouns (Ariel, 1990; Gundel et al., 1993).  

Consistent with this line of work, speakers do use pronouns more when referring to goals 
than sources (Arnold, 2001; Rosa & Arnold, 2017). Yet there is remarkably robust evidence that 
for emotion verbs like scared/feared, the implicit cause is not more likely to be pronominalized 
than the non-cause (Fukumura & van Gompel, 2010; Kehler et al., 2008; Kehler & Rohde, 2013; 
Kravtchenko et al., CUNY 2016). Instead, speakers in these studies tended to use pronouns for 
reference to the subject, and names for the object. This creates a puzzle: why does the 
predictability associated with implicit causality not affect pronoun choice? 

One possible explanation stems from the primary method used in these studies: passage 
continuation. Subjects are given a fragment, e.g.“Gary feared Anna because…”, and are asked 
to continue the sentence. Researchers examine the continuation to see who is referred to, and 
with what form (pronoun vs. name). One problem is that typical stimuli for this paradigm may not 
provide enough discourse support for predictability to have an effect. In comparison with 
transfer events, emotion events may be more difficult to conceptualize as they describe a 
psychological state, and are not easily imageable. This may disrupt conceptualization of the 
discourse context, especially for decontextualized stimuli. Passage continuations also require 
participants to invent a continuation on the spot, so they may not activate the causal coherence 
relation until they read the word “because”, possibly after they choose the referring expression.  

Across two experiments (Exp 1: 56 ppts.; Exp 2: (replication) 45 ppts.), we tested whether 
predictability would affect pronoun production in a paradigm more similar to natural language – 
i.e. with greater contextual support, and where participants already knew the content of their 
contribution. In each trial, participants were given 2 facts to learn about a single character, 
where only one was a highly plausible continuation for the following story (Fig. 1, left fact). They 
then read a fragment of a story about 2 same-gendered characters, which included a prompt 
with either a subject-biased or object-biased emotion verb. The plausible fact was either about 
the implicit cause or non-cause, leading to a 2 (subject vs. non-subject) x 2 (implicit cause vs. 
non-cause) design. Instructions emphasized that participants should communicate the gist, but 
not the verbatim fact. Our critical question was: would people use more pronouns when referring 
to the predictable implicit cause than the less-predictable non-cause? 

Surprisingly, both studies found greater pronoun use for the implicit cause than the non-
cause, although for Exp. 1 this was qualified by a significant interaction with subject-hood, 
where the implicit cause effect only occurred for object references. In Exp. 2 there was a main 
effect of implicit cause, with no interaction. This study provides the first evidence that under 
some circumstances, implicit causality can affect pronoun use. We hypothesize that our 
paradigm supported the impact of predictability by 1) providing greater discourse context, which 
may have strengthened representations of predictability, and by 2) allowing speakers to plan 
their response earlier, incorporating their knowledge of coherence relations. 
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Figure 1. Novel story re-telling paradigm 

 
                Figure 2.                                  Figure 3. 

 

References 
Ariel, M. (1990). Accessing Noun-Phrase Antecedents. Routledge. � Arnold, J. E. (2001). The 
effect of thematic role....Discourse Processes, 31, 137-162. � Bell, A., J. Brenier, M. Gregory, 
and C. Girand. (2009). Predictability effects on durations….JML, 60. 92–111. � Chafe, W. 
(1976). Givenness, contrastiveness….In Li (Ed.), Subject and Topic, (pp. 25-56). Academic 
Press. � Fukumura, K. & van Gompel, R.P.G. (2010). Choosing anaphoric expression….JML, 
62, 52-66. � Kehler, A., Kertz, L., Rohde, H. & Elman, J.L. (2008). Coherence and coreference 
revisited. Journal of Semantics, 25, 1-44. � Kehler, A. & Rohde, H. (2013). A probabilistic 
reconciliation….Theoretical Linguistics, 39, 1-37. � Kravtchenko, E., Modi, A., Demberg, V., 
Titov, I., and Pinkal, M. (2017). Does referent predictability affect rate of pronominalization? 
CUNY talk, MIT. �  Lieberman, P. (1967). Intonation, perception, and language. M.I.T. 
Research Monograph, 38, xiii, 210. � Mahowald, K., Fedorenko, E., Piantadosi, T., & Gibson, 
E. (2013). Info/information theory….Cognition, 126, 313-318. � Prince, E.F. (1981). Toward a 
Taxonomy….In P. Cole (Ed.), Radical Pragmatics, (pp. 233–255). New York: Academic Press. 
� Rosa, E. C., & Arnold, J. E. (2017). Predictability affects production….JML, 94, 43-60.  
�Stevenson, R.J., Crawley, R.A., & Kleinman, D. (1994). Thematic roles….LCP, 9, 519-548. 



1 
 

Word Skipping in Deaf and Hearing Bilinguals:  Cognitive control remains with increased 
perceptual span. 
Matthew J. Traxler (UC Davis), Pilar Pinar (Gallaudet University), David Corina (UC Davis), Kurt 
Winsler (UC Davis), Liv J. Hoversten (Basque Center on Cognition, Brain, & Language), & 
Trevor Brothers (Tufts University) 
 
 Deaf readers face a number of challenges in developing literacy skills (Allen, 1986; CB 
Traxler, 2000).  Deaf readers must simultaneously learn a second language (e.g., English) at 
the same time they are learning to interpret print. Prior studies indicate that sensitivity to 
syntactic and semantic cues in relative clause processing look similar in deaf and hearing 
readers (Anible et al., 2015; Traxler et al., 2014).   
 Prior studies indicate that deaf participants have an advantage in detecting peripheral 
visual targets (Parasnis and Samar, 1985; Bosworth & Dobkins, 2002; Dye et al., 2007; 
Seymour et al., 2017).  Enhanced performance on some visual tasks seems to be driven by an 
increased ability to allocate visual attention to peripheral space (e.g. Bosworth et al., 2013; 
Neville and Lawson, 1987; Bavelier et al., 2000).  Redistribution of attention towards the 
periphery may offset the absence of auditory cues in target detection (Bavelier, 2006).  
Differences in the allocation of visual attention may affect the perceptual span during reading.  
The perceptual span is the region of visual space from which readers extract information that 
affects their eye-movements (Rayner & Pollatsek, 1989).  Perceptual span varies with a number 
of factors, including reading experience, reading proficiency, and text difficulty.  Because the 
same reader can demonstrate a larger perceptual span on a given text and a smaller span on 
another text, span size and shape is thought to be affected by a combination of attentional and 
acuity factors, rather than being a fixed characteristic of a given reader. 
 Recent studies have indicated that deaf readers have larger than predicted perceptual 
spans (Belanger & Rayner, 2015; Belanger et al. 2012, 2013).  In moving window eye-tracking 
experiments, Belanger and colleagues showed that reading speed for deaf participants reached 
asymptote at a larger window size than comparably skilled hearing readers.  In addition, less 
skilled deaf readers demonstrated perceptual spans that were as large as more skilled hearing 
readers.  Belanger formulated the word processing efficiency hypothesis to explain larger spans 
in deaf readers.  According to this account, deaf readers may be taking up more information 
more quickly from parafoveal regions than hearing counterparts.  Alternatively, they may have 
stronger orthographic-to-semantic associations than other readers. 
 This study was conducted to test further predictions derived from the word processing 
efficiency account.  We conducted two eye-tracking experiments, each with three groups of 
participants – deaf ASL-English bilinguals (N = 80 & 80), hearing Chinese-English bilinguals (N 
= 48 & 60), and native English speakers (N = 48 & 60).  In both experiments, participants read 
sentences while having their eye-movements monitored.  We analyzed skip rate, first-pass,and 
total time for seven scoring regions.  We also analyzed accuracy on comprehension questions. 
 The results from both experiments showed that deaf readers skipped scoring regions 
more often than the other two groups, while achieving comparable (Experiment 1) or greater 
(Experiment 2) comprehension accuracy than the hearing bilingual comparison group (see 
Tables 1 and 2).  Within-group comparisons showed generally negative correlations between 
skip rate and comprehension.  Deaf readers also had shorter first pass and total fixation times 
than the other two groups of readers, although fixation times varied with lexical frequency for all 
groups.  Subsidiary analyses that evaluated performance in light of non-verbal IQ (K-BIT 
matrices), reading experience (author recognition test), and vocabulary (Nelson-Denny) 
indicated that none of these accounted for differences in skipping rate and comprehension 
accuracy across groups (see Table 3).  The results as a whole are compatible with the word 
processing efficiency account. 
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Table 1:  Experiment 1  Average comprehension accuracy rate, average skip rate for interest 
areas 2-6, and the Pearson r correlation between skip rate and accuracy by group.  *indicates p 
< .05 

Group Accuracy Skiprate Within-Group  
Correlation 

Deaf 91.3% (5.5%) 34.3% (11.3%) -.24* 

Chinese-English Bilingual 91.2%  (5.6%) 17.6% (10.5%) -.34* 

Native English Reader 94.1% (3.4%) 24.0% (10.6%) -.12 

 
Table 2. Experiment 2, Average comprehension accuracy rate, average skip rate for interest 
areas 2-6, and the Pearson r correlation between skip rate and accuracy by group for 
Experiment 2.  *indicates p < .05 

Group Accuracy Skiprate Correlation 

Deaf 86.6% (8.2%) 18.2% (8.9%) -.21 

Chinese-English Bilingual 83.5% (7.2%) 8.5% (5.3%) -.43*  

Native English Reader 92.6% (4.3%) 9.9% (4.9%) .16 

 
Table 3: Experiment 1, means and standard deviations for Nelson-Denny vocabulary, author 
recognition, KBIT test scores, gender, and age by group. 

Group Nelson-
Denny 

Author 
Recognition 

KBIT %Female Age 

Deaf 50.0 (16.47) 
 

13.5 (12.64) 
 

40.1 
(4.18) 
 

68.8 
 

24.7 
(5.20) 
 

Chinese-English 
Bilingual 

44.0 (12.78) 3.7 (4.09) 42.5 
(2.37) 

64.6 20.3 
(2.77) 

Native English 66.0 (6.98) 12.8 (6.85) 41.2 
(4.90) 

74.5 19.3 
(1.14) 

 



Syntactic Structure aids Learning of Grammatical Dependencies in Neural Networks 
Ethan Wilcox1, Peng Qian 2, Richard Futrell 3, Miguel Ballesteros4, Roger Levy2 
1Harvard University, 2MIT, 3UC Irvine, 4IBM 
Contact: wilcoxeg@g.harvard.edu 
 
Recurrent Neural Networks (RNNs: Elman, 1990, 1991) have state-of-the-art performance on a 
range of linguistic tasks (Jozefowicz et al., 2016), but the nature of the representations they 
learn is poorly understood. A recent line of work assesses the grammatical competence of 
RNNs by treating them like human subjects in psycholinguistics experiments. In this paradigm, 
the network is fed hand-crafted sentences designed to draw out behavior that reveals 
underlying representation. For example, Linzen et al. (2016) and Gulordava et al. (2018) found 
that RNN language models learn to represent subject/verb number agreement. When they fed 
the prefix “The keys to the cabinet…” the models robustly preferred “are” over the 
ungrammatical “is”. Here, we investigate whether explicit representations of syntactic structure 
help such models learn long-distance grammatical dependencies. We comparatively evaluate 
two different types of RNN language models, one that computes explicit parse trees and one 
that does not, both trained on the Penn Treebank Corpus. We find that explicit representation of 
syntax aids the learning of structurally-adjacent dependencies, but that both models have 
difficulty threading word expectations through embedded clauses. 

The two RNN-based models we test are Long Short Term Memory networks (LSTMs), 
sequential models with no obvious hierarchical bias; and Recurrent Neural Network 
Grammars  (RNNGs) (Dyer et al., 2016), which are trained on syntactically-annotated data and 
represent the joint probability of an upcoming word and a syntactic parse. We use the neural 
network’s surprisal at a word (-log p (word |context)) (Hale, 2001; Levy, 2008) in order to 
investigate the model’s expectation for covariance between an upstream licensor and a 
downstream licensee. A grammatical licensor should set up an expectation for a licensee, 
reducing the licensee’s surprisal compared to minimal pairs with no licensor. 

NPI Licensing. We find that the LSTM doesn’t learn the licensor-NPI relation at all (Fig. 
1). However, the RNNG model does: it is sensitive to the polarity of the c-commanding licensor, 
and although it can be misled by non-c-commanding linearly-proceeding “distractors” (as can 
humans: Vasishth et al, 2008), the effects from the licensor position are stronger than those 
from the distractor position.  

Filler-gap dependencies. We used the technique from Wilcox et al. (2018), who 
quantify whether large-data LSTM models learn the dependency by calculating the 
wh-licensing interaction, which is the size of the 2x2 interaction between the presence of both 
a filler and a gap on the total surprisal of a post-gap critical region. RNNGs and LSTMs both 
learn the flexibility of the constraint (Fig. 2); the RNNG also learns that the dependency is robust 
to intervening PP and relative clause modification (Fig. 3), and is hierarchically constrained (Fig. 
4). However, neither model can thread the dependency through embedded clause modification 
(Fig. 5). Finally, we investigate whether the models have learned island constraints, looking for 
a significant reduction in wh-licensing interaction as an indication that the model has learned the 
island constraint (Fig 6-7). RNNG exhibits more humanlike behavior than the LSTM, but the 
tests were inconclusive: island-like behavior may merely be sensitivity to general syntactic 
complexity. Thus, while the syntactic structure in the RNNG aids dependency learning in 
structurally tree-local contexts, it does not provide enough information for the neural network 
component to learn fully robust and human-like filler-gap dependencies from 1-million words 
alone. 
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Fig 1. Negative Polarity Item Licensing for “any” and “ever.”          
NPI Licensing at left: Y-axis shows surprisal at the NPI, x-axis           
indicates polarity of the c-commanding licensor, and color        
indicates distractor polarity. Licensing accuracy at right: Y-axis        
shows classification accuracy, or % of time NPI surprisal in (b)           
is lower than in (c) x-axis indicates the NPI tested, and color            
indicates the model. Error bars represent 95% binomial        
confidence intervals. 
(a) [Pos Licensor, Pos Distractor ] *The senator that         
supported  the  measure  has  ever found support.. 
(b) [Neg Licensor, Pos Distractor ] No senator that         
supported the measure has ever found support.. 
(c) [Pos Licensor, Neg Distractor ]* The senator that         
supported no measure  has  ever found support.. 
(d) [Neg Licensor, Neg Distractor] No senator that supported         
no measure has ever found support from her constituents 

 
Fig 2 - 7: Filler-Gap Dependencies. Y-axis is wh-licensing interaction, which measures the strength of the filler-gap dependency in                   
each condition. ✓ indicates high expected wh-licensing interaction, ✘ indicates low expected wh-licensing interaction. Error bars                
are 95% confidence intervals with within-item means subtracted, as advocated in by Masson and Lotfus (2003). 
 

 

 
Fig 2. Flexibility of the Filler-Gap      
Dependency.  
[Subj] I know who __ gave the gift to Alex          
yesterday. 
[Obj] I know what Mary gave ___ to Alex         
yesterday. 
[Goal] I know who Mary gave the gift to ___          
yesterday. 

 
Fig 3. Robustness to intervening material 
[No Mod] I know who the man insulted __         
yesterday. 
…. 
[Long Mod] I know who the man in the straw          
hat who recently arrived from New York       
insulted __ yesterday. 
 

 
Fig 4. Sensitivity to Syntactic Hierarchy 
[Subject] The policeman who the criminal      
shot with his gun __ shocked the jury        
during the trial. 
[Matrix] *The policeman who the criminal      
shot the politician with his gun shocked __        
during the trial. 
 

 
Fig 5. Unboundedness of the filler-gap      
dependency, indicating whether models can     
thread filler-gap expectation through    
embedded clauses.. 
[No Emb] I know who your aunt insulted __ at          
the party. 
... 
[4 Layers] I know who the hostess believed        
the butler reported his friend heard your aunt        
insulted __ at the party. 

 
Fig 6. Adjunct Islands. 
[Object] I know what the librarian placed ___        
on the wrong shelf. 
[Adjunct Back] I know what the librarian got        
mad after the patron placed ___ on the        
wrong shelf. 
[Adjunct Front] I know what, after the patron        
placed __ on the wrong shelf, the librarian        
got mad. 

 
Fig 7. Wh Islands. 
[Nul-Comp] I know what Alex said Sam       
bought __ yesterday. 
[That-Comp] I know what Alex said that       
Sam bought __ yesterday. 
[Wh-Comp] I know what Alex said whether       
Sam bought __ yesterday. 
 

 



Inferring sentence comprehension from eye movements in reading 
Yunyan Duan (Northwestern U.: yduan@u.northwestern.edu), Yevgeni Berzak (MIT),  
Klinton Bicknell (Northwestern U.; Duolingo), Roger Levy (MIT)                              
A large body of work in sentence processing suggests that eye movements in reading reflect 
how readers process the text and engage with it mentally ([1,2], among many others). This 
conclusion is largely supported by evidence from the effect of systematic targeted manipulation 
of linguistic characteristics of the text on reading time measures across multiple subjects and 
items. However, little is currently known about how much information can be obtained about the 
cognitive state of a specific reader from their eye movements over an individual sentence. 
Considering that reading is a multifaceted and text contingent process which requires dynamic 
integration of information from multiple sources, the link between eye movements and readers’ 
cognitive state may be stronger than currently known.  

In this study we focus on the connection between eye movements and reading 
comprehension. Prior work has demonstrated a potential link between the two by using 
supervised classification methods to predict comprehension from eye movements with above 
chance accuracy [3,4]. Here we adopt a similar classification based methodology, but differently 
from that work we predict comprehension on the granularity level of an individual sentence 
rather than a page length text sample, and crucially, we propose a challenging evaluation setup 
in which both the test reader and the test sentence are unseen in training. 

To this end, we introduce a new dataset comprising eye movement records of 54 native 
English speakers reading 58 sentences. The sentences contain a target word (Target) which is 
crucial for comprehending the sentence, and has a high-frequency neighbor (HFN) [5] which is 
also contextually more plausible. Sentence comprehension is tested using a multiple choice 
question with four answers: one for correct comprehension of the Target (chosen in 74.8% of 
the trials), one consistent with the HFN (20.2%), and two unrelated answers (5% combined).  

Our classification task consists of predicting whether a reader answered the 
comprehension question correctly based on their eye movements while reading the sentence. 
We experiment with two classifiers. The first is a Logistic Regression (LR) model which uses 
word properties and eye movement interaction features for the Target and HFN as well as 
global text and reading time statistics commonly used for this task. We contrast this model with 
a state of the art Convolutional Neural Network (CNN) [6] classifier which encodes text and 
reading times for each individual word in the sentence without information about the Target and 
its HFN. We test the informativity of the eye movement signal for our prediction task by 
comparing each model to baseline models which have access only to text and reading speed 
information. We perform Leave One Out (LOO) cross validation evaluation, in which the training 
set of each split does not contain trials from the test subject nor the test sentence, using 60% of 
the subjects and 60% of the items (1,060 trials) of our dataset.  

Our results are summarized in Table 2 and Table 3. First, in the LR model, both Target 
specific and global eye movement features improve performance over the baselines, with the 
combination of the two yielding the strongest results. Similarly, eye movement features improve 
the performance of the CNN. Second, the CNN performance is substantially better than LR, 
highlighting the importance of an architecture that encodes the entire sentence and effectively 
captures feature interactions. Overall, these results suggest that eye movements contain 
substantial signal about reading comprehension at the individual sentence and subject level.  
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Table 1: Example Item. The Target is marked in bold. The Target’s HFN is “minute”. 
 
Sentence: I'm really glad that the last minuet went by so quickly and I could finally go home.  
Question: What was I probably watching to look for cues that I could leave? 
A. an orchestra (correct)                                  B. a clock (incorrect; HFN consistent) 
C. the president (incorrect; unrelated)             D. a weather report (incorrect; unrelated) 
 
Figure 1. Structure and features of Logistic Regression and Convolutional Neural Network. 

 
Table 2. ROC-AUC of Logistic Regression and Convolutional Neural Network. 
 
  

 Logistic Regression Convolutional Neural Network 
Text 0.56 0.75 
Text + Speed 0.55 0.78 

Text + Speed + Eye 
Target 0.57   

  
0.80 

Global 0.61 
Both 0.63 

 
Table 3. Comparison of different models’ likelihood using Wilcoxon signed-rank test. Bonferroni-
corrected p-values are reported.   
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Studying Morphological Computation and Storage via Lexical Decision Data 
Gregory Theos & Timothy O’Donnell (McGill University) 
gregory.theos@mail.mcgill.ca  

 
A basic question for theories of morphology is what parts of words are stored in memory and 
which structures are composed on the fly. A number of theories make differing predictions in 
these regards (O’Donnell, 2015; Yang, 2016; Goldberg, 2006). One potential source of evidence 
about computation and storage is lexical decision data (Baayen et al , 1997; Sereno & Jongman, 
1997; New et al , 2004). Within this lexical decision data, it is well known that reaction times 
exhibit frequency effects. Generally, the more frequent the stimulus, the quicker a participant will 
react to it. When stimuli are morphologically complex, however, several different kinds of 
frequency are relevant, including the frequency of whole word forms and the subparts of words. 
It is widely assumed that frequency has a facilitatory effect on processing time because 
processing time is dependent on the strength of a memory trace, and this trace will only become 
stronger when used more frequently. Since composition and storage entail different memory 
usage (access to the whole word form in the case of storage, and access to the parts in the 
case of composition), it has been assumed that the measure of frequency which better 
correlates with reaction time is indicative of how a word has been assembled. Thus, lexical 
decision data has often been used to test theories of morphological storage and computation 
(Alegre & Gordon, 1999; Baayen  et al , 1997). 

 
One popular class of hypotheses about storage and computation posits that absolute 
whole-form frequency is the determinant of storage. More frequent forms will be stored as 
wholes, while less frequent forms will be composed on the fly. Lignos & Gorman (2012) call this 
assumption into question with a detailed analysis of lexical decision data from the English 
Lexicon Project (ELP; Balota et. al. 2007). Analyzing this corpus while controlling for a number 
of factors, they show that there is a whole form frequency effect at all frequency ranges. 
Additionally, they show that this effect is stronger for low frequency words than high frequency 
words — contra the hypothesis above. This work is notable for its methodological innovations, 
such as the use of a larger lexical decision corpus, improved word frequency estimates, and 
newer statistical methods than earlier work. However, we use simulated reaction time data to 
find that despite these improvements, Lignos & Gorman’s results are likely an artefact of their 
analytical techniques. Particularly, we find that when simulating reaction time data in which a 
simple threshold of whole-form frequency for storage exists, the L&G model produces the same 
results as on the actual data, even when the effect of frequency is pushed to implausible levels 
(See figure 1). This suggests that Lignos & Gorman’s model is liable to type II error.  
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Figure 1: A table showing effect of whole-form frequency in various species of simulated 

data. Lignos and Gorman make much of the fact that the effect size is higher below the 
threshold; yet this is true even when we simulate the threshold existing and have its effect be 

quite large. 
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How do readers adapt to unfamiliar syntax?: Evidence from needs+past participle 
Rachel Peters & Scott Fraundorf (University of Pittsburgh) 
sfraundo@pitt.edu 
 
A fundamental challenge for comprehension is that language varies across contexts, disrupting 
the use of prior linguistic experience. One solution may be for the comprehension system to 
adapt to the current environment. Indeed, comprehenders rapidly adapt to novel or unfamiliar 
syntactic constructions [1,2]. Here, we investigate if the mechanism underlying this adaptation is 
(a) probabilistic prediction of the specific novel structure [3], (b) broadened acceptance of 
anomalous input [4], or (c) preparation for certain input types without specific predictions [5].  

Method.  We examine this question in the context of the needs+past participle 
construction (Dialectal Need, example 1a) in some English dialects [6]. For people unfamiliar 
with Dialectal Need, it receives a garden-path interpretation (modifier, 1b) that initially makes the 
structure slow to read [1], but speed quickly improves with repeated exposure [1]. Here, we use 
moving-window self-paced reading to test the consequences of that adaptation for other 
constructions. In an initial exposure phase, participants encountered either Dialectal Need or a 
conventional control (1c) embedded within 4- or 5-sentence texts and intermixed with 50% filler 
texts. (A post-experiment questionnaire confirmed participants’ prior unfamiliarity with Dialectal 
Need.) Then, participants transitioned invisibly to a test phase in which we tested the effects of 
that exposure on other syntactic constructions, as measured in length- and position-corrected 
reading times. 

In Experiment 1 (N=119), the test phase contained either Dialectal or Conventional 
Need (Fig. 1). Replicating [1], participants read Dialectal Need in the test phase more quickly 
with previous exposure to it (as compared to Conventional Need exposure). This effect was 
specific to the spillover word following the disambiguation of the critical construction, t = -2.16, 
lmerTest p = .03, and did not affect filler items, suggesting it reflected processing of Dialectal 
Need. By contrast, participants did not read Conventional Need more slowly after Dialectal 
Need exposure, p = .60. Given that Dialectal Need also does not impair processing the garden-
path modifier structure [1], these results indicate a lack of support for probabilistic prediction, in 
which adaptation to Dialectal Need should impair processing of other, competing structures. 

If comprehenders were not predicting particular structures, why did exposure to Dialectal 
Need facilitate its subsequent processing? One possibility is that comprehenders simply relaxed 
their standards for unfamiliar or “erroneous” input rather than adapting to Dialectal Need per se. 
If so, exposure to Dialectal Need should facilitate processing of any unfamiliar construction. In 
Experiment 2 (N= 64, Fig. 2), the test phase contained a dissimilar dialectal construction: 
Positive Anymore (example 2); Dialectal Need can be interpreted as the absence of “to be” 
(e.g., “needs to be washed” à “needs washed”), but Positive Anymore involves the presence of 
the unexpected word “anymore” [7]. Relative to Conventional Need, exposure to Dialectal Need 
significantly slowed reading of the spillover word after the disambiguation of Positive Anymore, t 
= 2.57, p = .01. The negative effects of Dialectal Need on Positive Anymore show that adapting 
to one unfamiliar construction does not facilitate processing of all unfamiliar constructions. 

Discussion. Replicating [1], reading times displayed rapid adaptation to an unfamiliar 
syntactic construction. This adaptation did not impair processing of conventional structures with 
the same meaning, suggesting it was not probabilistic prediction (since increasing the 
probability assigned to one construction must decrease that assigned to others). Nor did 
adaptation generalize to dissimilar dialectal constructions, suggesting that it did not reflect 
general accommodation to unfamiliar or “erroneous” input. Rather, we hypothesize the 
comprehension system adjusts to processing certain structures (or classes of structures) 
without generating advance predictions. This concords with the proposal [5] that the 
comprehension system prepares to receive kinds of certain syntactic (or other linguistic) 
features without always making specific predictions.   
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EXAMPLE SENTENCES (underline = disambiguation; double underline = spillover) 
(1a) The science book needs edited because there are still typos.  [Dialectal Need] 
(1b) The science book needs edited chapters…   [Modifier Garden-Path] 
(1c) The science book needs editing because there are still typos. [Conventional Need] 
 (2) Everyone drives a car anymore instead of walking.  [Positive Anymore] 
 (gloss: ‘Everyone drives a car nowadays instead of walking.’) 
 
 
FIGURES 

 
 
 
 
 
Figure 1. Experiment 1 design (left panel) and results (right panel). 
 
 
 

 
 
 
 
Figure 2. Experiment 2 design (left panel) and results (right panel). 
 



Context effects in the interpretation of Haddock descriptions

Helena Aparicio Roger Levy Elizabeth Coppock
haparici@mit.edu

The interpretation of definite descriptions (e.g. the rabbit) has been claimed to involve pragmatic
context accommodation, such that a sub-portion of the maximally available context may be con-
sidered for their interpretation (Evans 2005; Frazier 2008; Muhlstein 2015). This mechanism
ensures that reference resolution is successful, even when the maximal context would violate the
uniqueness presupposition of the definite article. Here we address the cost of context accommo-
dation using complex descriptions such as the rabbit in the (big) box, also known as ‘Haddock
descriptions’ (Haddock 1987). In two reference-resolution studies, we address whether context
accommodation of Haddock Descriptions is less felicitous when the embedded description (e.g.
the (big) box) would successfully refer to a different object in the maximal context.

The phenomenon: In Figure 1, Panel A, there are multiple bags, so the bag fails to refer. Yet
the Haddock description (HD) the rabbit in the bag refers to R2; suggesting the bag is evaluated
relative to a restricted context here. In Panel B, the big bag refers to R3 when evaluated against
the maximal context, yet the modified HD the rabbit in the big bag refers to R2. With the positive-
form modifier (big), there is a conflict between the interpretation in the maximal context (R3) vs.
the restricted context (R2). Comparative modifiers (the rabbit in the bigger bag) resemble the
unmodified case; there is a failure of reference in isolation, as the bigger bag requires two bags,
not three, while the HD refers to R2. Our experiments take advantage of this distinction.

Experiment 1 (N = 41) tests unmodified HDs. Participants heard definite descriptions while
looking at visual contexts containing five pictures. The embedded noun was masked using static
noise, so the instruction was always ambiguous between two potential referents (Target 1 and 2
in Figure 2). Participants clicked on the target they thought was intended by the speaker. Two
types of contexts were tested (see Figure 2, middle panels): 1) contexts where the potential tar-
gets were also the referent of the embedded DP when interpreted isolation in the maximal context
(�competitor); 2) contexts where one of the resolutions of the embedded DP would be undefined if
interpreted in isolation in the maximal context (+competitor, e.g. contexts containing two bags but
only one box). Results did not reveal any differences in the target selection rates in the two condi-
tions tested (p > 0.05, see Figure 2 rightmost panel), suggesting that undefined interpretations of
the embedded DP in the maximal context do not interfere with reference resolution of HDs.

Experiment 2 (N = 75) tests HDs modified by a positive or comparative adjective (e.g., the
rabbit in the big/ger box) using the same method described in Exp. 1. Besides the competitor
manipulation, Exp. 2 also manipulated the informativity of the instruction (i.e., whether the modifier
was necessary to identify the referent of the HD). This resulted in two types of displays: displays
where only one or both potential targets required the use of the modifier for successful reference
(contrast:mixed vs. contrast:both, see Figure 3). Results are presented in Figure 4. A significant
competitor ⇥ adjective interaction was found for contrast:mixed conditions such that the presence
of a competitor object increased clicks to Target 1 for the positive form adjective but not for the
comparative (p < 0.05). The same effect occurred in contrast:both, compared to chance: presence
of a competitor acted as a deterrent, with the positive form but not for the comparative form.

Conclusion: Our findings show that context accommodation for HDs is more difficult when
the embedded definite would refer to a different individual in the maximal context. These findings
suggest that listeners assign non-trivial probability mass to maximal contexts even when they are
ruled out by independent linguistic constraints. We also present results from a computational
Rational Speech Model (e.g. Frank Goodman 2012) that derives our experimental findings from
pragmatic context coordination and uncertainty about how to resolve the adjectival threshold.

1
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Panel A Panel B

the bag: Undefined the big bag: R3 / the bigger bag: Undefined
[the rabbit in] the bag: R2 [the rabbit in] the big/ger bag: R2

Figure 1: Accommodation-requiring contexts for Haddock descriptions.

Instruction: “Click on the rabbit in the [***].”

�competitor +competitor
Figure 2: Example item for Exp. 1 (left); Exp. 1 results (right).

Instruction: “Click on the rabbit in the big/ger [***].”

contrast:mixed/�comp. contrast:mixed/+comp. contrast:both/+comp.
Figure 3: Example item for Experiment 2.

Figure 4: Experiment 2 results (yellow line indicates chance).
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Antecedent search for Turkish reflexive kendi: Evidence from eye tracking 
Hasan Sezer (Cornell University) 

hs687@cornell.edu 
 
Intro. The study addresses online reflexive resolution in Turkish using eye tracking during reading 
methodology. Cross-linguistic work have reported mixed results on whether the parser 
implements an intelligent antecedent search strategy for reflexives by ruling out binding 
incompatible antecedent candidates. The current study aims to add on the debates by bringing 
evidence from Turkish anaphor kendi ‘self’. This anaphor is often reported as a local reflexive 
hence needs a c-commanding licensor. Also, the referents must be animate. Considering these 
constraints, experimental trials consisted of object relative clauses where only animate subject in 
main clause is legitimate antecedent:  
  
(1)        Accessible match/Inaccessible mismatch 

a. Medyanın gösterdigi çocuk geçen hafta kendinden odada korkmuş, ifadelere göre.  
“Last week, the kid that media reported was afraid of kendi in the room, according to 
statements.” 

Accessible match/Inaccessible match 
b. Öğretmenin çağırdığı çocuk geçen hafta kendinden odada korkmuş, ifadelere göre.  

“Last week, the kid that the teacher talked to was afraid of kendi in the room….” 
Accessible mismatch/ Inaccessible match 
c. Psikoloğun yazdığı reçete geçen hafta kendinden odada korkmuş, ifadelere göre.  

“Last week, the prescription that the psychologist wrote was afraid of kendi in the 
room….” 

Accessible mismatch/Inaccessible mismatch 
d. Medyanın gösterdiği tablo geçen hafta kendinden odada korkmuş, ifadelere göre.  

“Last week, the portrait that media reported was afraid of kendi in the room…..” 
 
Design & Analysis & Results. A norming study for the main verbs was conducted  to obtain only 
verbs that are equally felicitous for reflexivity (N=35, Mean Age=22, SD=5.56). 16 verbs were 
selected (i.e., response rate of 80% and over). 40 native students were recruited at Middle East 
Technical University in Ankara, Turkey and data from 36 subjects were entered into analysis. SR 
EyeLink 1000  was used for data collection. A linear mixed effects analysis was performed in R 
(R Core Team, 2012)  and lme4 (Bates, Maechler & Bolker, 2012) platform. Accessible 
antecedent and inaccessible antecedent were the fixed effects while items and participants were 
the random slopes. Each predictor has match and mismatch levels yielding a 2x2 factorial design. 
P-values were obtained by likelihood ratio tests of the full model with the effect in question against 
the null model. A pairwise comparison analysis was performed for significant predictors. Eye 
movement measures consisted of first pass measures (e.g., first-fixation, first-pass, regression 
path) and second pass-times, reflecting early and later stage of processing, respectively. 
 
Table1 shows model results. Only first pass times in early stage of processing reveal the effect of 
accessible antecedent (i.e., longer fixation times when binding compatible antecedent was 
inanimate than when it was animate). This suggests the filtering mechanism of BT. This effect 
emerges after the reflexive regions, which is expected under verb-finality of Turkish. Similar 
pattern for accessible antecedent was found in second-pass times. Further, in later processing 
stage, there was a significant interaction effect on the reflexive. A contrast analysis for this region 
showed that longer fixations were made in accessible match and inaccessible match conditions 
than in accessible match and inaccessible mismatch conditions. This suggests that processing is 
influenced by BT incompatible antecedent in later stages. 
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References(selected). Badecker, W., & Straub, K. (2002). The processing role of structural 
constraints on interpretation of pronouns and anaphors. • Sturt, P. (2003). The time-course of the 
application of binding constraints in reference resolution. • Phillips, C., Wagers, M., & Lau, E. F. 
(2010). Grammatical illusions and selective fallibility in real-time language comprehension.  
 
 
Table1. 

 
Measure  

 
Region 

 
Effect 

p-value 
(Chi-Squared) 

 
 
 
 
 
First Fixation 
     

Reflexive 

 
 
Reflexive spill-over 

 
 
Main verb 

 
 
Main verb spill-over  

 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

0.55 
0.24 
0.45 

                  0.19 
0.77 
0.29 

0.67 
0.42 
0.86 

0.64 
0.74 
0.45 

 
 
 
 
 
First-pass 
 

Reflexive 

 
 
Reflexive spill-over 

 
 
Main verb 

  
Main verb spill-over 

Accessible match 
Inaccessible match 
Interaction 
Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 
Accessible match 
Inaccessible match 
Interaction 

0.90 
0.72 
0.83 

0.04* 
0.51 
0.77 

0.05* 
0.18 
0.06 

0.26 
0.69 
0.79 

 
 
 
 
 
Regression-path 
 

Reflexive 

 
 
Reflexive spill-over 

 
 
Main verb 

 
 
Main verb spill-over 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

0.13 
0.52 
0.13 

0.59 
0.59 
0.39 

0.17 
0.58 
0.59 

NA 
NA 
NA 

 
 
 
 
 
Second-pass 
 

Reflexive 

 
 
Reflexive spill-over 

 
 
Main verb 

 
 
Main verb spill-over 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

Accessible match 
Inaccessible match 
Interaction 

0.0001* 
0.081 

0.0071* 

0.0001* 
0.17 
0.22 

0.0001* 
0.95 
0.79 

0.00057* 
0.28 
0.33 

 



Different Types and Qualities of Fillers: Maintenance and Retrieval  
Nayoun Kim (Northwestern University), Laurel Brehm (Max Planck Institute for Psycholinguistics), 
Patrick Sturt (University of Edinburgh) & Masaya Yoshida (Northwestern University) 
NayounKim2018@u.northwestern.edu 
 
Online wh-filler-gap dependency (WhFGD) resolution can be characterized as the maintenance of a 
wh-filler ([1,2]), an active search for the gap ([3]) and the retrieval of the wh-filler at the gap site 
([4,5]). We uncover the mechanisms working behind both maintenance and retrieval components by 
testing what aspects of a filler are retrieved in different WhFGD constructions: "reactivated" WhFGD 
formation (1a) (the filler that is linked to the verb once, and is reactivated later) and "active" WhFGD 
formation (1b). (1a) involves a WhFGD and coordination structure where the wh-filler is linked to the 
verb in the first conjunct, but the wh-phrase must be "reactivated" at the coordinating connective and 
("Reactivated Filler") ([1]). (1b) involves a wh-word directly linked to the main verb (“Active Filler”). 
Specifically, maintained information is easier to retrieve but unmaintained information is more 
difficult to retrieve when the gap is recognized ([1]). If some information from the filler is maintained 
and is less susceptible to decay, we expect the information to be retrieved easily. On the other hand, 
if some information from the filler is more susceptible to decay, we expect retrieval of decayed 
information to be harder. When the wh-phrase is reactivated, some of the filler's information can be 
reactivated (e.g., the category information) ([1]). Assuming that the filler is "released" from memory 
once linked to the gap ([1]), the wh-filler in (1a) might be released from memory and decayed and 
thus, when retrieved at the gap position, only the coarse-grained information could be retrieved 
(features that match the retrieval cues of the verb). If actively maintained, detailed information from 
the wh-filler can be retained and easier to retrieve ([1,2]). Thus, the detailed content of the whole 
wh-NP in (1b) could be retrieved, such as the grammatical information. We use agreement attraction 
as a probe to understand what information is retrieved at the gap position. Taken together, the 
wh-phrase in (1b) would be more likely than (1a) to trigger an illusion of grammaticality, such that the 
grammatically inaccessible yet feature-matching noun erroneously agrees with the verb (the 
agreement attraction effect) in the ungrammatical sentences [6,7,8,9].  
Experiment 1: A self-paced reading experiment (SPR) (n=80) tested sentences like (1). The SPR 
study (Log-transformed) showed a significant interaction local noun x grammaticality at the region 
immediately following the verb and a three way interaction between local noun x structure x 
grammaticality where ungrammatical verbs following plural local nouns were read significantly 
faster than singular local nouns in both constructions with the significantly larger effect in (1b) than in 
(1a). The larger attraction effect in the active filler conditions suggests that the actively maintained 
information of the wh-fillers is indeed easier to retrieve at the gap position.   
Experiment 2: We further compared wh-NP vs. Definite-NP to examine if agreement attraction 
occurs even when the presence of a filler-gap dependency is not signaled. A SPR experiment 
(n=80) tested sentences like (2). There was a significant interaction local noun x grammaticality at 
the verb region, yet a subset analysis revealed the effect only for the wh-filler NP, not in Definite-NP. 
This suggests that the reader can recognize the movement structure only when the gap in the 
subject position of the second conjunct is recognized. This suggests that in non-wh constructions, 
the filler should not be maintained, and information about the filler will be harder to retrieve, leading 
to less agreement attraction.   
Taken together, information associated with the active wh-filler is well-preserved compared to the 
reactivated wh-filler that is linked to the gap once, released from memory and later reactivated, 
leading to the retrieval of detailed information and stronger agreement attraction. We argue for the 
position that posits both maintenance and retrieval playing a role in the processing of whFGD. If we 
posit that both retrieval and maintenance plays a role in the reactivated wh-filler cases, release from 
maintenance leads to the retrieval of the decayed information, where the detailed information could 
be lost at the second gap, leading to weaker retrieval. Conversely, active wh-filler gap dependencies 
involve an active filler where the wh-filler needs to be kept until the matrix verb to resolve the 
dependency. If the parser could avoid releasing information from maintenance and is less 
susceptible to decay, we expect stronger retrieval where more fine-grained information can be 
retrieved.  
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Example: Sample stimuli of Experiment 1 and 2.  
(1) a. Which key to the cells/cell __can be used for front doors and unsurprisingly __is/are used for two 
doors?   
b. Which key to the cells/cell [RC that can be used for front doors] unsurprisingly __is/are used for two doors?  
: The number of the local noun in the wh-NP (Plural: cellsvs. Singular: cell), the grammaticality of the second 
verb (Grammatical: is vs. Ungrammatical: are) and the structure (Coordination vs. RC) were manipulated in a 
2x2x2 factorial design, where the head noun of the wh-NP was always singular.  
  
(2) a. Which key to the cells/cell __can be used for front doors and unsurprisingly __is/are used for two 
doors?  
b. The key to the cells/cell __can be used for front doors and unsurprisingly __is/are used for two doors?  
: The number of the local noun in the wh-NP (Plural: cells vs. Singular: cell), the grammaticality of the 
second verb (Grammatical: is vs. Ungrammatical: are) and the Type of the displaced element (wh-Filler vs. 
The Definite-NP) manipulated in a 2x2x2 factorial design.  
 

 
Table 1: Statistics of Experiment 1 (verb spillover region 1 

 
Table 2: Statistics of Experiment 2 (verb region)  
 
 
 
References: [1] Wagers & Phillips 2014. QJEP. [2] Warren & Gibson 2002. Cognition. [3] Stowe 1986. LCN. [4] Lewis & 
Vasishth 2005. Cognitive Science. [5] Van Dyke & Mc Elree 2006. JML. [6] Wagers, Lau, & Phillips 2009. JML. [7] Tanner, 
Nicol, & Brehm 2014. JML. [78 Lago, Shalom, Lau, & Phillips 2015. JML. [9] Parker & Phillips. 2017. JML.  
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Structure  Local Noun x 
Grammaticality  

Subset Analysis  
(Local Noun x 
Grammaticality)  

Local Noun x 
Grammaticality x 
Structure  

Reactivated Filler  
Vs. Active Filler  

β=-0.04,   
t=-3.12  
  

β=-0.01, t=-0.59 
(Reactivated Filler); 
yet at the verb 
spillover region 2: 
β=-0.06, t=-3.32  
β=-0.07, t=-3.82 
(Active Filler)  

β=-0.06, t=-2.40  

Structure  Local Noun x 
Grammaticality  

Subset Analysis  
(Local Noun x 
Grammaticality)  

Grammaticality  

Wh-NP  
Definite NP  

β=-0.04,  
t=-2.49  
  

β=-0.06, t=2.53 
(Wh-NP) β=-0.05, 
t=-1.15 (Definite NP)  

β=-0.02, t=-2.16  
  



Emotion Regulation through Irony: Evidence from Behavior and ERPs 
Valeria A. Pfeifer & Vicky Tzuyin Lai (University of Arizona) 
vpfeifer@email.arizona.edu 

Verbal irony is when a speaker uses words that mean the opposite of what the speaker 
intends to say. What does this convey about the speaker’s mental state? While Roberts & Kreuz 
(1994) claim that irony is primarily used to convey negative emotions, Filik et al. (2017) suggested 
that irony is perceived as less negative, meaning less hurtful and more amusing than literal 
statements. The current study used behavioral ratings and ERPs to investigate the role of irony 
in perceived emotional states. We hypothesized that a speaker using irony is perceived as being 
in a less negative mental state, and that this depends on how emotional the context is. We 
predicted that the effect of irony is enhanced only when a context is not strongly negative. 

Stimuli consisted of 121 short stories in a 2 (emotion; high, low) x 2 (literality; literal, irony) 
design. In each story, a social context is described, where something more (high emotion) or less 
(low emotion) negative happens to one person. In the target sentence, the person makes an either 
literal or ironic comment. All stories were normed for valence, arousal and literality in a previous 
norming task. All critical words were used for both, literal and ironic conditions across contexts to 
control for psycholinguistic factors (see Tab.1). 

Experiment 1 was a web-based rating study. 83 participants were asked to judge the 
emotional state of the speaker for valence and arousal on 5-point Likert-scales, respectively. A 
RM-MANOVA with valence and arousal as DVs revealed significant main effects of emotionality 
(F(2,119)=48.5, p<.001) and literality (F=35.9, p<.001), but no interaction (p=.74). Given the 
significance of the overall test, univariate main effects were examined with RM-ANOVAs. 
Significant main effects were obtained for literality in valence (F=7.34 (476), p=.007) and arousal 
ratings (F=32.59, p<.001), and a main effect of emotionality for arousal (F=9.47, p=.002).  

In Experiment 2,19 right-handed, native-English participants with a mean age of 18.8 read 
stimuli while their EEG was recorded. The story context was presented as a whole and read in a 
self-paced manner. The target utterance was presented word-by-word, with each word presented 
for a length-dependent duration (average: 386ms) followed by a 500ms blank. Comprehension 
questions after 20% of trials verified participation. ERPs were time-locked to the critical word, 
which was either literal or ironic. A RM-ANOVA revealed that ironic statements elicited a larger 
negativity from 450-650ms at the posterior sites than literal statements (F(1,18)=4.76, p=.0426), 
identified as a late N400. An interaction of literality and emotionality over the posterior sites in an 
P200 time-window from 200 to 300ms reached marginal significance (F=3.98, p=.0615). Given 
this result, we did pairwise comparisons and found ironic statements eliciting a marginally larger 
P200 than literal statements over central sites in the low emotion condition (F=3.21, p=.09). 

Results from the behavioral rating task confirm our hypothesis that a speaker using irony 
is perceived as being in a less negative mental state, consistent with Filik et al. (2017). Similarly, 
regardless of literality of the utterance, a speaker in a more negative situation is perceived as 
being in a more negative state of mind compared to a speaker in a less negative situation. Results 
from ERPs suggest that in mildly negative situations only, ironic meaning receives more 
attentional resources early on, as reflected in a (marginally) larger P200. This shows that irony is 
perceived differently in mildly negative situations compared to strongly negative situations and 
could imply that the emotionality of the situation modulates when in the processing stream irony 
is detected. In addition, we found a larger N400 effect for ironic relative to literal statements, 
inconsistent with studies that found a P2-P6 complex for irony (e.g. Regel et al., 2010). This may 
be due to the overall negative valence of our stimuli, which may have created a global positivity 
that pulled waveforms more towards positive polarity. Our results are consistent with Baptista et 
al. (2018), who identified N400 as a marker of irony through its disruption via tDCS. In conclusion, 
speakers using irony are perceived as being in a less negative mental state compared to the 
same speaker using literal language. ERPs suggest that how emotional a context is can modulate 
irony perception, with low emotional situations facilitating irony detection.  
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Emotionality Literality 
Example 1: 
High: Max is helping Jenny with her computer when he accidentally spills a 
glass of water over the open computer. Jenny says:  

Literal: How clumsy of you! 

Low: Max is helping Jenny with her computer when he accidentally spills a 
glass of water over the closed computer. Jenny says: 

Ironic: How considerate of you! 

Example 2: 
High: When getting into the car, Ricarda accidentally sits on her boyfriend’s 
new expensive sunglasses. Ricarda’s boyfriend says:  

Literal: I knew you were not as 
considerate as you said! 

Low: When getting into the car, Ricarda accidentally sits on her boyfriend’s 
new expensive scarf. Ricarda’s boyfriend says: 

Ironic: I knew you were not as 
clumsy as you said! 

Table 1: Example of stimuli with critical words in bold. While paired with one context, words 
were used as literal, paired with a second context, words were used as ironic and vice versa.  

 

 
Fig. 1: Grand averaged waveforms for ironic and literal statements 
in low emotion condition at Cz. 
 

200-300ms: irony 
minus literal in low 
emotion (P200) 

  
Fig. 2: Grand averaged waveforms at CPz. Ironic statements in red, 
literal statements in blue. 

450-650ms: irony 
minus literal across 
conditions (N400) 

 
References: 
Baptista, N. I., Manfredi, M., & Boggio, P. S. (2018). Medial prefrontal cortex stimulation 
modulates irony processing as indexed by the N400. Social neuroscience, 13(4), 495-510. 
Filik, R., Brightman, E., Gathercole, C., & Leuthold, H. (2017). The emotional impact of verbal 
irony: Eye-tracking evidence for a two-stage process. Journal of Memory and Language, 93, 
193-202. 
Regel, S., Coulson, S., & Gunter, T. C. (2010). The communicative style of a speaker can affect 
language comprehension? ERP evidence from the comprehension of irony. Brain research, 
1311, 121-135. 
Roberts, R. M., & Kreuz, R. J. (1994). Why do people use figurative language?. Psychological 
science, 5(3), 159-163. 
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Grammatical and pragmatic cues guide temporal comprehension in discourse 
Kelsey Sasaki (University of California, Santa Cruz) 

kmsasaki@ucsc.edu 

The discourses in (a) and (b) are ambiguous—the event in the first sentences (S1) could be                

interpreted as preceding that in the second (S2), or vice versa. However, (a) is usually               

interpreted as  progression  (S1 before S2) and (b) as  backshift  (S1 after S2).  

(a) Maxine fell. Joanna helped her up. (b) Maxine fell. Joanna pushed her. 

There is a large body of formal linguistic work on these intersentential temporal relations [1-5],               

but little work has investigated (i) what factors modulate on-line temporal comprehension, or (ii)              

how strongly each factor is leveraged [6,7]. [7] argues that backshift is more costly than               

progression because progression is the default in discourse. This work provides self-paced            

reading evidence which suggests that (i) backshift may not be inherently more costly, (ii)              

pragmatic factors can modulate on-line temporal comprehension fairly strongly, and (iii) overt            

aspect marking may not be a strong modulator, despite being a highly valid cue for backshift. 

Three phrase-by-phrase self-paced reading studies were run on Mechanical Turk and           

analyzed with linear mixed-effects models fit to residualized reading times (residualization by            

region length and position). Item sets were constructed so that each S1 had an S2 normed for                 

High (H) Plausibility of backshift and one for Non-high (N) Plausibility (Plausibility = Plaus). 

Expt. 1 (N=36) crossed AdvP position (Initial, Final) with Temporal Disambiguation (=TD)            

(Backshift (=Back), Progression (=Prog)), for 32 experimental items with N Plaus (Table 1). The              

design is comparable to [7], but [7] found that Backs were read slower than Progs at Spillover 1                  

(fig.A) for Initial and Final. This study found no difference between Initial conditions, and only a                

trend towards Final Backs being slower at Spillover 1 (t=1.87). This suggests that backshift is               

not inherently more costly, or at least that its cost is not especially large or robust. 

Expt. 2 (N=43) crossed Plausibility of backshift interpretation (H, N) with TD (Back, Prog), for 32                

experimental items (Table 2). All AdvPs were Final, to isolate any early effects of Plaus from                

effects of TD. At V+1, N-Backs were read slower than H-Backs (t=2.95). At AdvP, N-Backs and                

H-Progs were slower than H-Backs (t=3.23 & t=2.06). At Spillover 2, H-Progs were slower than               

H-Backs (t=2.34). The items in Expt. 1 and [7] had N Plaus; manipulating Plaus shows that                

pragmatic cues modulate temporal relation comprehension. Since H-Backs were faster than           

H-Progs, and since N-Backs were not slower than N-Progs, backshift is not necessarily costlier              

than progression. Given a sufficiently valid backshift cue, comprehenders may commit to a             

backshift interpretation before AdvP, resulting in a slowdown if they encounter a Prog AdvP.              

Plaus seems to be such a cue, though it does not unequivocally disambiguate. 

Expt. 3 (N=48) crossed Aspect (Perfect  had , Simple) with TD (Back, Prog), for 35 experimental               

items (Table 3). The  had -Prog condition was omitted because it is ungrammatical. All items had               

Final AdvPs and N Plaus. At SubVerb,  had -Backs were read faster than Simple Backs and               

Progs (t=3.3 & t=3.91). This may be due to the residualization overcompensating for the greater               

length of  had -Backs at this region. At V+1,  had -Backs were slower than Simple Backs (t=2.29).               

At Spillover 1,  had -Backs were slower than Progs (t=2.04). Though  had was a highly valid               

backshift cue in these items, its effects do not clearly suggest that it led to an early commitment                  

to a backshift interpretation. Again, Simple Backs and Progs were not different from each other. 

All three experiments suggest that backshift may not have an inherently higher            

comprehension cost than progression, or at least that the cost difference is not very large or                

robust. There seems to be a difference in how strongly pragmatic cues and grammatical cues               

are leveraged. Expt. 2 suggests that pragmatic cues can be leveraged fairly quickly and              

strongly, though they are not completely unambiguous. Expt. 3 does not clearly suggest that  had               

is leveraged strongly, or at all, even though it is an unambiguous backshift cue in these items. 
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Materials.  (‘|’ indicates phrase boundaries. Critical regions—i.e., TD regions—bolded.) 

Note:  All experiments had 72 fillers. 

Fig. A:  Region label schema 

SubVerb V+1 AdvP Spillover 1 Spillover 2 Spillover 3 

He fell asleep in biology class a moment earlier, in his seat near the back of the lecture hall. 

 

Table 1:  Sample item from Experiment 1—AdvP Position x Temporal Disambiguation 

S1:  Lianne poked Eric. |  

S2: Initial, Backshift A moment earlier, | in his seat | near the back | of the lecture hall, | he                  

pinched | her on the arm. 

Initial, 

Progression 

A moment later, | in his seat | near the back | of the lecture hall, | he                  

pinched | her on the arm. 

Final, Backshift He pinched | her on the arm |  a moment earlier,  | in his seat | near the                  

back | of the lecture hall. 

Final, 

Progression 

He pinched | her on the arm |  a moment later, | in his seat | near the                  

back | of the lecture hall. 

 

Table 2:  Sample item from Experiment 2—Plausibility x Temporal Disambiguation 

S1:  Lianne poked Eric. |  

S2: High, Backshift He fell asleep | in biology class |  a moment earlier,  | in his seat |                

near the back | of the lecture hall. 

High, Progression He fell asleep | in biology class |  a moment later, | in his seat | near                 

the back | of the lecture hall. 

Non-high, Backshift He pinched | her on the arm |  a moment earlier,  | in his seat | near                 

the back | of the lecture hall. 

Non-high, 

Progression 

He pinched | her on the arm |  a moment later, | in his seat | near the                  

back | of the lecture hall. 

 
Table 3:  Sample item from Experiment 3—Aspect x Temporal Disambiguation 

S1:  Lianne poked Eric. |  

S2: Simple, Backshift He pinched | her on the arm |  a moment earlier,  | in his seat | near                 

the back | of the lecture hall. 

Perfect  had , 

Backshift 

He had pinched | her on the arm |  a moment earlier,  | in his seat |                 

near the back | of the lecture hall. 

Simple, Progression He pinched | her on the arm |  a moment later, | in his seat | near the                  

back | of the lecture hall. 

 

References. [1] Dowty, D.R. 1986.  Linguistics and Philosophy 9. [2] Kamp, H., & U. Reyle.               

1993.  From discourse to logic. [3] Kratzer, A. 1998.  Semantics & Linguistic Theory 8. [4] Kehler,                

A. 2002.  Coherence, reference, and the theory of grammar. [5] Asher, N., & Lascarides, A.               

2003.  Logics of Conversation. [6] Bestgen, Y. & W. Vonk. 2000.  Journal of Memory and               

Language  42.  [7] Dickey, M.W. 2001.  The Processing of Tense.  



Investigating the costs of intra-sentential code-switching for lexical processes  
Anthony Yacovone, Emily Moya, & Jesse Snedeker (Harvard University) 
*anthony_yacovone@g.harvard.edu 

 

When bilinguals speak to one another, they often engage in code-switching or switching 
between languages within a single utterance. Prior studies have found that code-switched words 
are harder to process1 resulting in longer reaction times in naming tasks2 and larger N400 
responses in lexical decision and reading tasks.3,4 However, the majority of these code-switched 
EEG tasks have used single words or single sentence contexts. We reasoned that these code-
switching difficulties might be facilitated by top-down expectations developed over the course of 
a spoken discourse. In this study, we take advantage of new naturalistic EEG techniques to see 
how code-switches are perceived in rich contexts. We also compared the N400 responses for 
code-switched words with those for other within-language lexical switches to see if there are any 
savings to retrieving code-switched words that strongly fit with the context.  

The N400 response is an index of the ease of lexical processing,5-8 in particular two sub-
processes: lexical access9-10 and lexical integration,11 which occur at different times within the 
N400 window.12 Lexical access occurs in the earlier interval of 250-350ms when the N400 is 
sensitive to contextual expectations (e.g. cloze probabilities) and forms of lexical pre-activation.13 
Lexical integration occurs later (350-450ms) when lexico-semantic processes begin and 
integration difficulties are indexed by robust N400 modulations.14 Again, the EEG studies showing 
reliable N400 modulation for code-switched words used primarily isolated words and sentences.1 

Recent accounts have argued that N400 modulation in these isolated word tasks index lexical 
access difficulties—as bilinguals inhibit their native language (L1) to better retrieve L2 words.1 
Alternatively, N400 modulation in tasks with more context are argued to reflect lexical integration 
difficulties—as bilinguals must adjust activation of both languages to help build up context.1 Thus, 
we can interpret N400 effects to reflect difficulties with accessing a less-expected lexical form13 
and/or integrating meaning across multiple languages.14  

In this study, we investigated how enhanced discourse contexts influence the ease of these 
lexical processes during code-switching. Spanish-English bilinguals passively listened to oral 
narratives told by a bilingual speaker while EEG signals were recorded. Our participants largely 
reported hearing code-switching in their everyday lives (Table 1). Passive listening tasks have 
been used in recent EEG studies; however, these approaches have only been correlational.15-16 
To circumvent this limitation, we successfully grafted experimental controls onto this paradigm, 
preserving its ecological-validity while reaping the benefits of having factorially-manipulated 
variables. We manipulated the contextual fit of the words (strong, weak) and the language 
(English, Spanish). The story-original English words and their translations had strong contextual 
fits, whereas the English alternatives and their translations had weaker fits. We quantified 
contextual fit as cloze probabilities (strong: 97.5-12.5%; weak: 0%) and naturalness ratings out 
of 7 (strong: 6.38; weak: 3.28). We then embedded our selected targets by identity-splicing and 
cross-splicing the material into the discourse—this process resulted in sentences like “The wig is 
so hot and heavy on my (head | cabeza | cranium | craneo).” We reasoned enhanced top-down 
expectations could facilitate lexical access (early differentiations between Spanish conditions at 
~300ms) and lexical integration (late differentiation at ~450ms) for code-switched words.  

Our analyses (N=32) replicate the previous findings that contextually-weak English words and 
code-switched words elicit N400 effects within 300-500ms (Figure 1). Furthermore, we find an 
interaction such that contextual fit only significantly affects English targets early on (i.e. Spanish 
conditions show similar N400 amplitudes). These findings suggest that the initial access of both 
Spanish conditions show similar degrees of difficulty to each other and to the contextually-weak 
English condition. However, despite these initial difficulties, there is rapid facilitation for 
contextually-strong Spanish words (~400ms), which is consistent with evidence that code-
switches can be less costly to process than within-language switches in certain contextually-rich 
contexts.17 Taken together, these data support a two-factor model of the N400 response with early 
form-based and late context-based effects, and that enriched top-down expectations in spoken 
discourses can facilitate code-switching when the word makes sense in the given context.  
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Figure 1: Grand averaged N400 responses to both within-language lexical switches (cranium) 
and Spanish translations for both strong (cabeza) and weak (craneo) English targets at midline 
electrodes Cz and Pz. 
 
Table 1: Participant responses to how often they hear code-switching in their everyday lives.  
Often  22 participants 
Sometimes 9 participants 
Never 1 participant 

 
Model outputs from linear mixed effects model and pairwise comparisons (lme4): 
 
Main Model:  
Predictability (β = -3.37, SE = 0.68, t = -4.86, p < .001),  
Language (β = -2.62, SE = 0.58, t = -3.84, p < .001), 
Predictability*Language (β = 2.58, SE = 0.85, t = 3.00, p < .01)  
 
Pairwise 1:  
Within English: High vs. Low (β = -4.19, SE = 1.06, t = -3.96, p < .001);  
Within Spanish: High vs. Low (β = -0.78, SE = 0.66, t = -1.19, p = .55) 
 
Pairwise 2:  
Within High: English vs. Spanish (β = -6.84, SE = 1.43, t = -4.79, p < .001);  
Within Low: English vs. Spanish (β = -0.04, SE = 0.50, t = -0.07, p = 1.00) 
 

References:  
1Van Hell, Litcofsky, & Ting, 2015; 2Bobb & Wodniecka, 2013; 3Van der Meij et al., 2011; 
4Proverbio et al., 2004; 5Van Hell & Witteman, 2009; 6Petten, 1993; 7Kutas & Federmeier, 2009; 
8Kutas & Federmeier, 2011; 9Kutas & Federmeier, 2000; 10Lau, Almeida, Hines, & Poeppel, 2009; 
11Brown & Hagoort, 1993; 12Grainger & Holocomb, 2009; 13Lau, Holcomb, & Kuperberg, 2013; 
14Molinaro & Carreiras, 2010; 15Brennan, Cantor, Eby, & Hale, 2016; 16Levari & Snedeker, 2018; 
17 Moreno, Federmeier, & Kutas, 2002.  



Gender mismatch and possession type effects on interpretation of VP ellipsis 
Jesse Storbeck & Elsi Kaiser (University of Southern California) 
jstorbec@usc.edu 

Pronoun interpretation can occur via discourse-level coreference or semantic-level 
binding (e.g. Heim, 1982; Reuland, 2001). These mechanisms yield different interpretations of 
the ellipsis in a sentence like (1) Mark walked his dog, and Larry did […], too. If the overt his 
represents Mark, (1) can mean either that a) Larry walked his own dog (semantic-level bound 
variable [“BV”]; elided his=Larry) or b) Larry walked Mark’s dog (discourse-level coreference 
[“CR”]; elided his=Mark). What guides selection of one interpretation over the other? 

Prior work suggests variable binding is preferred (e.g. Frazier & Clifton, 2000), as it 
operates on the semantic level and does not access discourse-level memory (Reuland, 2001). 
However, we have previously claimed that the nature of the possession relation matters 
(Storbeck & Kaiser, 2018). We found that inanimate possessed nouns (e.g. her bicycle) trigger 
more BV responses than possessed animates (e.g. her father). We argued that animate nouns 
are more likely to be processed as independent discourse referents, while inanimate nouns are 
more likely to be dependent on the discourse representations of their possessors. According to 
this view, animate possessions’ independent discourse status makes them more available for 
CR in ellipsis, but inanimates’ dependent representations tend to elicit more BV interpretations. 

However, a competing possibility is that animate nouns are encoded in memory in a 
more prominent, semantically richer way than inanimates (e.g. Gelin et al., 2017), independently 
of the discourse model, simply on the lexical level. Under this memory-prominence view, 
animacy effects should persist even in contexts that rule out the possibility of an independent 
discourse referent for the possessed noun: for instance, if the matrix-clause subject is a 
quantified noun phrase (“QuNP”), e.g. every woman, which does not introduce a discourse 
referent (Reinhart, 2000). In contrast, under our model, lack of an available independent 
discourse representation should make CR impossible, regardless of animacy. 

We tested these conflicting predictions in four experiments, all of which used the same 
forced-choice ellipsis-interpretation task as in Storbeck & Kaiser (2018) and similar materials but 
for the presence of a QuNP as the matrix-clause or elided-clause subject. We probed four 
possession types (Table 1). We also tested the claim that there is an acceptability penalty for 
gender mismatch between overt and elided pronouns in BV interpretations of sentences like (2) 
Mary walked her dog, and Larry did [walked her his dog], too. – especially if an overt feminine 
pronoun conflicts with an elided masculine (e.g. Kitagawa, 1991; Oku, 1998; Sag, 1976). 

Exp.1 modified Storbeck & Kaiser’s (2018) materials (Table 1) by replacing matrix-
clause subjects with every man/woman; Exp.2 made the same substitution for the elided-clause 
subjects. Exp.3 and 4 used the same items as Exp.1 and 2 but the gender of all QuNPs was 
switched to introduce mismatch. When the QuNP is in the matrix clause (Exp.1 and 3), building 
an independent discourse representation for the possessed noun is not possible. In contrast, 
when the QuNP is in the elided clause (Exp.2 and 4), processing of the matrix clause should 
proceed as in the original sentences, which always used two [gender-matched] names. 

Results: Exp.1 and 3 exhibit a strong BV bias in all conditions (Figure 1, p<.001), there 
is no effect of animacy (p>.1 for all comparisons). However, in Exp.2 and 4, inanimate 
conditions received more BV interpretations than animates (p<.001). These results support our 
model and go against the discourse-independent memory-prominence view. We also found 
more CR (i.e. fewer BV) responses due to gender mismatch with elided-clause QuNPs (Exp.4, 
p<.001), but not with matrix-clause QuNPs (Exp.3, p=.7), where our model prohibits CR. We 
attribute the gender-mismatch penalty to an integration conflict that arises when retrieving a 
memory representation of the antecedent VP which conflicts with the VP representation 
activated by the BV discourse representation. We find no interaction between the gender 
mismatch effect and overt pronoun gender (contra Oku, 1998). As a whole, our studies support 
a discourse-based account of why animacy modulates preferences in ellipsis resolution.  
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Figure 1. The proportion of BV responses in Experiments 1-4 (left to right, top to bottom) 
 

Possession type Example target sentence 

Part-whole (inanimate) Every woman chabbed her nose, and Amanda did, too. 

Ownership (inanimate) Every woman chabbed her jacket, and Amanda did, too. 

Relational (animate) Every woman chabbed her boss, and Amanda did, too. 

Kinship (animate) Every woman chabbed her son, and Amanda did, too. 

Bound variable choice Coreferential choice 
Amanda chabbed her own [noun]. Amanda chabbed every woman's [noun]. 

Table 1. An example target sentence from Experiment 1 in each possession-type condition 
 
References: Frazier, L. & Clifton, C. (2000). On bound variable interpretations: The LF-only 
hypothesis. Journal of Psycholinguistic Research ■ Gelin et al. (2017). Are animacy effects in 
episodic memory independent of encoding instructions?. Memory ■ Heim, I. (1982). The 
semantics of definite and indefinite noun phrases. Doctoral dissertation, UMass Amherst ■ 
Kitagawa, Y. (1991). Copying identity. Natural Language & Linguistic Theory ■ Oku, S. (1998). 
A theory of selection and reconstruction in the minimalist perspective. Doctoral dissertation, 
UConn ■ Reinhart, T. (2000). Strategies of anaphora resolution. Interface Strategies ■ Reuland, 
E. (2001). Primitives of binding. Linguistic Inquiry ■ Sag, I. A. (1976). Deletion and logical form. 
Doctoral dissertation, MIT ■ Storbeck, J. & Kaiser, E. (2018). Possession type affects resolution 
of possessive pronouns in English VP ellipsis. Proceedings of the 92nd Annual Meeting of the 
Linguistic Society of America. http://dx.doi.org/10.3765/plsa.v3i1.4346 



Contrastive informativity strength drives real-time language variation and change: an 
online study of the Spanish habitual in three dialectal varieties 

Martín Fuchs & María Mercedes Piñango (Yale University) 

martin.fuchs@yale.edu   
Introduction. Language variation is partially constrained by unidirectional grammaticalization paths 

([1]). The Spanish Progressive-to-Imperfective shift evidences it: Spanish went from having only 

one general imperfective marker (the Simple Present (PRES)), expressing both habitual and 

progressive meanings to having two markers: PRES and a (newer) Present Progressive, PROG: 

[estar + V-ndo], which expressed only the progressive meaning (emergence stage). Over time, 

PRES and PROG became restricted to mutually exclusive meaning domains (categoricalization 
stage). This stage is expected to last until the new marker PROG gets reanalyzed as a general 

marker of imperfectivity (generalization stage) ([2]). Currently, Spanish is said to be in the 

categoricalization stage. However, are there specific contexts of use that already allow PROG 
to convey a habitual meaning, thus pushing the shift towards the generalization stage? 

We take the context constraints pushing towards generalization to be rooted in the lexicalized 

presuppositional content independently associated with estar, the auxiliary verb in the Present 

Progressive marker. Estar’s presupposition restricts the predicate to a specific circumstance of 

evaluation. In doing so, it triggers the construal of alternative situations at which the embedded 

proposition does not hold ([3], [4]). When PROG conveys a progressive meaning, the meaning 

contrast is absolute: now vs. “not now”. But if a new, habitual meaning is to arise in this marker, 

contextual support that enables the construal of alternatives is needed. Why would this more 

involved, contextually-supported use ever take hold? Greater informativity. The use of PROG 

conveys both the habitual meaning and the set of rejected alternatives. This maximizes context 

set restriction, thus proportionally increasing the informativity of the expression containing PROG, 

and making it overtime preferable to PRES use, which only conveys the habitual meaning. 

Greater informational value thus drives use preference of PROG over PRES, resulting in 

generalization. Is this change observable in real-time? As comprehension unfolds? 
The study. We tested sentences containing three markers: PRES, PROG, and the Simple Past 

marker (PRET), as a baseline condition. Sentences were preceded either by an alternative-
supporting or by an alternative-neutral context, in three Spanish varieties: Iberian, Argentinian, 

and Mexico City Spanish, using a Self-Paced Reading task. Subjects: 120 adult native speakers 

(40/variety). Materials: 180 test stimuli (2 Contexts x 3 Markers, 30 items per condition), and 90 

fillers. See Table 1. Predictions: (a) an alternative-supporting context —that satisfies the 

presuppositional content of estar— favors PROG use vis-à-vis alternative-neutral contexts; (b) 

cross-variety differences are observable only in the direction of less context modulation for PROG. 

Results. A GLMM on word-number and letter-length corrected residual reading times revealed: 

1) longer RTs for PRET over PRES/PROG across all varieties in both context types, evidencing 

that participants were understanding the intended habitual meaning; 2) A Context*Marker 

interaction one word after the verb for Argentinian (p<.001) and Iberian (p<.05), due to a 

significant effect favoring Supporting Contexts only for PROG. No such effect was found in the 

case of Mexican, but 3) a marginally significant main effect of Marker was found at the verb, 

favoring PROG over PRES/ PRET (p=.066). (See Figures)  

Discussion. When contextual information satisfies the presuppositional demands of estar, PROG 

comprehension is facilitated in Argentinian and Iberian. Mexican does not show this facilitating 

effect, indicating that in that variety PROG is no longer dependent on context support, and might 

be even preferred over PRES. This pattern is consistent with a generalization process already 

underway in the three varieties, with the Mexican variety appearing further along the 

grammaticalization path. Crucially, this process of change is observable during real-time language 

comprehension, and, as we propose, is driven by the contrastive informativity strength of the 

combined lexico-semantic properties associated with the Present Progressive marker. 
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Table 1 (stimuli examples, contexts presented only in English for brevity) 
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Shared 
Context Context Type Sentence with PROG/PRES 

or Pretérito (PRET) Marker 

‘Anna and 

John go to 

high 

school 

together...’ 
 

Neutral:  Anna is always late because there is a 

lot of traffic, but John always makes it on time. 
When Anna asks him how he gets there on time, 

he tells her: 

Estoy viniendo en bicicleta 

‘I am coming by bike’ 

 
Vengo en bicicleta 

‘I come here by bike’ 

 
*Vine en bicicleta 

‘I came here by bike’ 

Supporting: Both of them are always late 

because there is a lot of traffic, but lately John 
makes it on time. When Anna asks him how he 

gets there on time, he tells her:' 



Plausibility in Chinese concession and causality: Evidence from self-paced reading and 
eye-tracking 
Siqi Lyu (Beihang University), Jung-Yueh Tu (Shanghai Jiao Tong University) & Chien-Jer 
Charles Lin (Indiana University Bloomington) 
siqilv@buaa.edu.cn 
Introduction. Concession has been considered as a negative counterpart of causality (König 
1991). Whereas a causal relation like (1) establishes the natural causal link between events, 
concessive sentences like (2) violates it. While it is more costly to interpret a concessive relation 
than a causal relation (e.g. Caron et al. 1988), it remains unclear how the plausibility of the 
invoked event knowledge may interact with concession and causation. Previously, Xu et al. 
(2018) found the effect only in the causal relation, not in the concessive relation. The current 
study aims at further examining the plausibility effect in Chinese concession and causality. 
Experiment 1. Two self-paced reading experiments were conducted to compare the processing 
of concession (Experiment 1a, N = 24) and causality (Experiment 1b, N = 24) while using the 
most natural expressions in each relation (i.e. negative forms in concession and positive forms 
in causality; see Morera et al. 2017). We manipulated the plausibility of the conditional relation 
underlying concession and causality (plausible vs. less-plausible vs. implausible) in three-clause 
structures (C1, C2 and C3 in (3) and (4)), which was rated by 36 native speakers in the pre-test. 
In each experiment, two contrasts (linear mixed models) were defined by 1) comparing plausible 
conditions with the less plausible conditions and 2) comparing the plausible conditions with the 
implausible conditions. Results (Figure 1) showed that for the first contrast, no significant 
difference was found at either the critical or post-critical region in both experiments. For the 
second contrast, we found the plausibility effect in causality (β = -0.07, t = -1.97, p ≤ .05) but not 
in concession at the critical region (longer time in causal-implausible than causal-plausible 
conditions), whereas at the post-critical region, we found the effect of plausibility in both causal 
(β = -0.12, t = -2.85, p < .01) and concessive (β = -0.09, t = -2.50, p < .05) relations, with 
implausible sentences being read longer than plausible ones. 
Experiment 2. An eye-tracking study (N = 40) was conducted where we counter-balanced the 
negative and positive forms in the two relations and adopted a within-subjects design (Table 1). 
We found significant interactions between the main effect of plausibility and the effect of 
connective (concessive vs. causal) in a few regions: at Region 2 and 5, the significant effect of 
plausibility was only observed in concession (total fixation, β = -0.84, t = -3.92, p < .001, Region 
2; regressions out, β = -0.20, t = -3.75, p < .001, Region 5) but not in causality, and at Region 4, 
despite the plausibility had an effect in both relations, the effect size was significantly larger in 
concession (total reading time, β = -0.39, t = -7.53, p < .001; total fixation, β = -1.20, t = -6.80, p 
< .001) than causality—all showing greater difficulty in processing implausible than plausible 
sentences. It is worth noting that at the critical region (Region 5), significant plausibility effect 
was observed on the regressions out in concession but not in causality, which suggested a 
reprocessing of the previous text in the former. By contrast, a trend of more regressions in and 
total reading time was observed in causality than concession at the critical region, showing 
participants’ immediate sensitivity to the plausibility effect in a causal relation. The eye-tracking 
study thus provides more indices for the plausibility effect in concession and causality, revealing 
greater difficulty and a re-reading process coming with a concessive relation. 
Conclusion. In contrast to previous studies where the plausibility effect in concession was not 
observed (Xu et al. 2018), we provide novel evidence for the existence of plausibility effect in 
both concession and causality, and revealed a more complicated pattern of plausibility effect in 
the former. This was attributed to the logical complexity of concession, where comprehenders’ 
may hold both the causal and concessive mental representations while processing a concessive 
relation. Together, this study suggested more costly processing of concession than causality. 
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(1) Because the pupil studied a lot, he passed the exam. 
(2) Although the pupil studied a lot, he failed the exam. 
 
(3) Examples of stimuli in Experiment 1a, with critical regions in bold 

C1:  %!   �  ��  ��� 
 Ahui  although  solve cases a lot 

C2:  ��  �  �$  ��  �� / �� / �� 
 but  not   good at  find  clues / flaws / tumors 

C3:  �  �� 
 very   strange 
“Although Ahui has solved a lot of cases, he is not good at finding clues / flaws / tumors. It’s very strange.” 
 
(4) Examples of stimuli in Experiment 1b, with critical regions in bold 

C1:  %!  	�  ��  ��� 
 Ahui  because  solve cases a lot 

C2:  ��    �$  ��  �� / �� / �� 
 so  very  good at  find  clues / flaws / tumors 

C3:  �  �� 
 very   normal 
“Because Ahui has solved a lot of cases, he is very good at finding clues / flaws / tumors. It’s very normal.” 
 
Table 1. Examples of stimuli in Experiment 2, with critical regions in bold 

 Conditions Examples 
  IA_1 IA_2 IA_3 IA_4 IA_5 IA_6 
a Concessive- 

plausible 
 � 

although 
%!����� 

Ahui’s solved many cases 
�� 
but 

��$ 
not good at 

����� 
find clues 


�#�"� 
everybody knows 

b Concessive- 
implausible 

 ��
although 

%!����� 
Ahui’s solved many cases 

���
but 

�$�
very good at 

����� 
find clues 


�#�"� 
everybody knows 

c Causal- 
plausible 

	��
because 

%!����� 
Ahui’s solved many cases 

���
so 

�$�
very good at 

����� 
find clues 


�#�"� 
everybody knows 

d Causal- 
implausible 

	��
because 

%!����� 
Ahui’s solved many cases 

���
so 

��$ 
not good at 

����� 
find clues 


�#�"� 
everybody knows 

 Translation: Although/Because Ahui has solved a lot of cases, he is not/very good at finding clues. Everybody knows. 
 

Figure 1. Log-transformed reading times by regions in Experiments 1a (left) and 1b (right) 
 

References: [1] König 1991. In Zaefferer (ed.). [2] Caron, Micko & Thüring. 1988. JML. [3] Xu, 
Chen, Panther & Wu. 2018. DP. [4] Morera, León, Escudero & de Vega. 2017. DP. 



Prosody-meaning mismatches in PP ambiguity: Incremental processing with pupillometry 
Jesse Harris, Chie Nakamura, Bethany Sturman, & Sun-Ah Jun (UCLA) 
jharris@humnet.ucla.edu  
Introduction. Prosodic boundaries are inserted not only for phonological reasons (e.g., to 
maintain optimal phonological weight or rhythm), but also to align prosodic groups with major 
syntactic junctures. After initial debate regarding the impact of prosody on early sentence 
parsing, studies have shown that prosody can guide processing at early stages (Speer et al., 
1996; Steinhauer, 2003), that subjects are particularly apt to use the location of the boundary to 
disambiguate structures if encouraged by the task (Schafer et al., 2000), and that listeners use 
prosodic boundaries to anticipate upcoming structure in the visual world paradigm (e.g., 
Snedeker & Trueswell, 2003). However, with the exception of EEG measures, the methods 
employed in these studies tend to be offline or subject to task-specific strategies. We report 
findings from a pupillometry study, in which pupil dilation is measured as subjects passively 
listen to sentences. Using familiar PP attachment ambiguities (e.g., Pynte & Prieur, 1996), we 
show that listeners attend to phonologically optional prosodic boundary locations that 
disambiguate the structure, and that a processing penalty, as indexed by increased pupil 
dilation, is generated when the resulting structure is implausible. 
 

Pupillometry experiment. Twenty items (1) were constructed in a 2x2 design, crossing 
Prosody (Instrument, Modifier) and the noun’s Plausibility as an instrument (Plausible, 
Implausible), so that the only truly mismatching condition was InsPros-ImplausibleNP (The artist 
sketched the man % with the gun). Critical nouns (gun vs. pen) were matched for syllable 
length and frequency. Materials were produced at a normal speech rate by a ToBI trained native 
speaker of English, so that prosodic boundaries were signaled with pre-boundary lengthening 
and a L-L% falling tone. Follow-on material (identical within each item quartet) was spliced after 
the critical nouns, with 100ms of intervening computer-generated silence. Items were 
counterbalanced and interspersed with 40 experimental fillers and 26 non-experimental filler 
items. Comprehension questions were presented after half of the items (1). Subjects were 
presented with sentences through high-quality sound-isolating headphones, while pupil size was 
recorded as subjects looked at a fixation cross. The sampling rate was set to 250Hz. Prior to 
analysis, trials with blinks were removed, and the pupil size was averaged into 50ms bins over a 
2 second period. Data were fit with a growth curve analysis (Mirman, 2014), in which polynomial 
terms capture continuous changes in pupillary dilation (Kushinsky 2013). The experimental 
conditions and their interaction received deviation coding and were added as predictors to a 
series of LMER models with random intercepts, to compare fit from higher-order orthogonal 
polynomial structures. The best-fitting model was a linear polynomial model, reported below. 
 

Results. We analyzed the percent change for each subject and each trial from the first 50ms of 
silence post critical noun at each 50ms time bin to control for individual variation in pupil size. 
There was a general penalty for Instrument Implausible nouns that interacted with the linear 
polynomial term [Plausibility: β = 0.15, SE = 0.05, t = 2.84, p < .01; Linear x Plausibility: β = 
1.19, SE = 0.32, t = 3.73, p < .001]. The general effect was moderated by an interaction, 
showing an increased penalty for Instrument Prosody with Implausible noun mismatches, 
again interacted with the linear component [Prosody x Plausibility: β = 0.15, SE = 0.05, t = 2.84, 
p < .01; Linear x Prosody x Plausibility: β = 1.19, SE = 0.32, t = 3.73, p < .001]; see Figure A. 
Overall, the mismatching condition, in which Instrument prosody was paired with an Implausible 
noun, elicited greater increases in pupil size than other conditions, depicted in Figure B.   
 

Conclusions. The results support previous studies, finding that the pupil responds to prosodic 
misalignment (Engelhardt et al., 2010), and additionally show that optional boundaries are 
understood as syntactically informative, even without encouragement by the task. Pupillometry 
offers a promising advance in prosody studies, in the form of a real-time measure that is simple 
to administer and interpret, which could be paired with more time-intensive measures, like EEG. 
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Materials. 20 quartets in a 2x2 design. Critical nouns in bold, prosodic boundaries (%) and 
identical auditory material spliced after the / symbol. 
 
(1)  a. Instrument Prosody – Plausible as Instrument NP 

The artist sketched the man % with the pen / following the incident that morning. 
b. Instrument Prosody – Implausible as Instrument NP 
The artist sketched the man % with the gun / following the incident that morning. 
c. Modifier Prosody – Plausible as Instrument NP 
The artist sketched % the man with the pen / following the incident that morning. 
d. Modifier Prosody – Implausible as Instrument NP 
The artist sketched % the man with the gun / following the incident that morning. 

 
Comprehension question 
What did the artist do?  Sketch someone  Paint someone 

 
 
Figures. 
A. Growth curves fit to data points recorded 
from offset of critical noun. Linear model 
showed in dashed lines; cubic in solid. 

B. Means change in pupil size by condition. 

 

Selected references. 
Engelhardt, P. E., Ferreira, F., & Patsenko, E. G. (2010). Pupillometry reveals processing load  

during spoken language comprehension. QJEP, 63, 639-645. 
Mirman, D. (2014). Growth Curve Analysis and Visualization Using R. Chapman and Hall/CRC. 
Pynte, J. & Prieur, B. (1996). Prosodic breaks and attachment decisions in sentence  

parsing. LCN, 11, 165-192. 
Snedeker, J., & Trueswell, J. (2003). Using prosody to avoid ambiguity: Effects of speaker  

awareness and referential context. JML, 48, 103-130. 
Schafer, A. et al. (2005). Prosodic influences on the production and comprehension of syntactic  

ambiguity in a game-based conversation task. In Trueswell & Tanenhaus (Eds.), 
Approaches to studying world-situated language use (pp. 209-225). 
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No scope for planning – latent mixture modelling of sentence onsets

Before a speaker can start speaking a sentence they must pre-plan some minimal linguistic

unit (e.g. Martin et al., 2014). Whether or not this minimal unit is syntactically organised is highly

controversial (Bock & Ferreira, 2014). The argument that pre-planning must involve syntax hinges,

partially, on the observation that, when the target sentence starts with a conjoined NP (The A and
the B), the onset is delayed compared to matched sentences starting in simple NPs (The A) (for

recent reproductions see Hardy et al., 2018; Roeser et al., 2018).

An alternative view is that planning beyond the first noun, and thus the syntax of the first NP,

is not obligated by the linguistic encoder: Incremental theories of sentence planning hold that the

minimum obligated planning unit might, in fact, encompass just the first lexical word. Under this

account extended onset latencies may occur for sentences starting with a conjoined NP but this

will be sporadically across trials and for reasons other than obligatory planning scope (Allum &

Wheeldon, 2007). We contrasted these two views directly in a reanalysis of onset latencies from

3 experiments (subjects = 96, items = 144), published in XXX et al. (20xx) in which participants

described arrays of moving images starting with either a conjoined NP or a simple NP.

We fitted a series of Bayesian models in Stan (Carpenter et al., 2017), incrementally in-

creasing model complexity. These are summarised in Tab. 1. This approach allows a direct test

of the predictions from the two contrasting theories. All models include random intercepts for sub-

jects and items (Bates et al., 2015). The onset latency is assumed to come from a log-normal

distributions (Baayen, 2008). Comparison of linear mixed models (LMM) M0 and M1 represents

the standard approach to evaluating the effects of initial NP complexity as a test of the hypothesis

that sentence planning requires a phrasal scope, and thus syntax.

Model M2 tests the alternative hypothesis that there is no consistent effect of initial NP com-

plexity but that on a subset of trials in the conjoined NP condition participants opted to plan beyond

the initial noun (i.e. planning syntax is more likely for conjoined NPs but not obligated by the pro-

duction system). Under this account latencies come from a mixture of log-normal distributions. In

M2 the parameters of each of these distributions – the mean and the variance – were fixed across

condition, but the mixing proportion p – the proportion of trials associated with each distribution

– was allowed to vary for each NP type. This captures the probability of latencies coming from a

particular mixture component K (Vasishth et al., 2017). This mixture model therefore allowed us to

test whether extreme values were more likely for conjoined NPs even if the location of the normal

distributions remain constant across NP types. Model fit was compared by taking the difference of

expected log pointwise predictive density (� ‰elpd) (Vehtari et al., 2017); see Tab. 2.

M1 revealed a slowdown of —̂ = 95ms (95% HPDI [77.2, 114.4]) for conjoined NPs and better

fit than M0 confirming the standard analysis. By contrast, the mixture models revealed a higher

predictive performance; M2 showed better fit than M1. The other models not presented here

revealed a poorer predictive performance than M2. Results of M2 can be found in Fig. 1 showing

a combination of three mixture components. Conjoined NP types show a larger proportion of long

values – component K 3 – than simple NPs; see Fig. 2.

We therefore found a greater tendency for longer onset latencies for conjoined NPs. How-

ever, these longer latencies remained in the minority. The majority of observations were associ-

ated with the same underlying distribution as was found for simple NPs. This is not consistent with

obligatory phrasal scope (i.e. scope of the entire initial verb-argument NP), but rather that advance

planning is highly incremental, scoping, at most, over the sentence-initial noun. We suggest that

the frequently replicated slowdown for conjoined NPs might be better explained by non-syntactic

processing demands that act only for some participants on some trials.
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Tab. 1: Model specifications; models

ordered by ascending complexity.

M0 LMM without slope parameter

(null model)

M1 LMM with NP effect (standard

analysis)

M2 Mixture model with three mixture

components; mixing proportions

included for each NP type

Tab. 2: Model comparisons. A positive

� ‰elpd (SE = standard error) signifies im-

proved predictive performance of a more

complex model.

Models � ‰elpd SE

M2 vs M1 1103.5 102.6

M1 vs M0 53.5 10.8
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Fig. 1: Posterior distributions of mixture compo-

nents inferred from M2.
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Speakers do prime themselves in syntactic production 
Cassandra L. Jacobs1,2, Sun-Joo Cho3, & Duane G. Watson3 
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Syntactic priming is the tendency for a speaker to produce a structure that they have recently 
repeated, heard, or read (Bock, 1986). Computational accounts of this process include error-
driven implicit learning models (Chang, Dell, & Bock, 2006); activation-based accounts (Reitter, 
Keller, & Moore, 2011), and more hybrid accounts (e.g., Jaeger & Snider, 2013). Each model 
predicts comprehension-to-production priming, but error-driven models do not predict that 
speakers will be sensitive to their own productions because there is no prediction error to drive 
learning.  There is surprisingly little experimental evidence that speakers self-prime, though 
several corpus studies of the phenomenon exist, and the evidence that exists is confounded 
with overall speaker structural preferences. In three experiments using a three-part crowd-
sourced behavioral task and novel statistical modeling to account for autocorrelation in 
multinomial data, we tested (1) whether a speaker’s choices at time point (t) influence their 
choices at consecutive time points (t+1).  As a control comparison, we also tested whether 
speakers showed priming from comprehension to production. 

Procedure: We recruited participants from Amazon 
Mechanical Turk whose stated first language was English. The 
experiment was conducted on Qualtrics in three phases, which 
we illustrate in Table 1 (right). Production phases. Participants 
were tasked with describing 7 images depicting ditransitive 
events, which can either be produced with prepositional objects 
(PO, “The boy gave the frisbee to his friend”), double objects 
(DO, “The boy gave his friend the frisbee”), or simple events 
(Other, “The boy is playing with another boy”), along with 10 
fillers. In the production phases, we assessed self-priming by asking whether speakers tended 
to use the same syntactic structure on a given trial that they produced on the previous trial. 
Comprehension phase: Participants rated the truthfulness of the descriptions associated with 
ditransitive primes and 10 filler images (3 catch trials that contained inappropriate descriptions). 
Experiment 1 contained six primes (all either DO, PO, or unrelated passive/active images). 
Experiment 2 contained single DO prime. Experiment 3 showed only one question at a time with 
no possibility of returning to earlier answers. 

Comprehension-to-production analyses. Logit mixed effects models showed that 
participants were more likely to produce the target structure (DO, PO) in Production Phase 2 
than in Production Phase 1. For simplicity we plot the Experiment 1 comprehension-to-
production priming effect in Figure 1 and report the analyses for all three experiments in Table 
2. Self-priming analyses. To assess whether speakers prime themselves, we constructed a 
Markov mixed-effect multinomial logistic regression model that tested whether speakers 
produce more DOs immediately after DOs and more POs immediately after POs within the first 
production phase (trials 1-7). Speakers tended to reuse the previous structure, rather than 
produce the alternate form, suggesting that speakers self-prime. In Figure 2, we plot the 
tendency for speakers in Experiment 1 to reuse the previous trial’s syntactic structure. 

Conclusion. These results are less consistent with prediction error-based models of 
syntactic priming than with other models. The fact that we observe both self-priming between 
trials and comprehension-to-production priming simultaneously is consistent with models in 
which previously used structures maintain activation over time. In particular, Bayesian belief 
updating models that are sensitive to both comprehended and produced linguistic structures 
(e.g. Jaeger & Snider, 2013) or residual activation-based models (e.g. Reitter et al., 2011) 
provide a better fit to the results than purely error-driven learning models (e.g. Chang et al.). 

Production Phase 1 
(7 ditransitive images) 

Comprehension Phase 
(1 or 6 ditransitive primes) 

Production Phase 2 
(7 ditransitive images) 
 

Table 1. Procedure 
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Figure 1. Comprehension-to-production priming, Experiment 1. 

 
Figure 2. Self-priming, Experiment 1. 

 
 

 Parameter Beta SE z p 
Experiment 1 Intercept -0.87 0.16 -5.39 < .001 
 Priming 0.28 0.08 3.39 < .001 
Experiment 2 Intercept -1.20 0.21 -5.62 < .001 
 Priming 0.26 0.06 4.38 < .001 
Experiment 3 Intercept -1.25 0.22 -5.68 < .001 
 Priming -0.13 0.06 2.17 < .05 
Table 2. Assessment of comprehension-to-production priming 
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Comparing licensing processes at the interfaces of syntax, semantics and pragmatics  

Anna Czypionka, Mariya Kharaman, Josef Bayer, Maribel Romero & Carsten Eulitz (University 
of Constance)  

anna.czypionka@uni-konstanz.de  
 
Linguistic licensing, local as well as seemingly non-local, is syntax-controlled (e.g., number 
agreement, reflexive binding, trace-binding in cyclic movement etc.), but may also take place at 
the interfaces of syntax, semantics and pragmatics. The latter type of licensing raises questions 
about the interplay between different components of grammar during sentence comprehension, 
and about their interaction with other cognitive systems like working memory. We use a range of 
offline and online methods to compare different licensing phenomena at these interfaces in 
German sentence comprehension. We address both established and new interface licensing 
phenomena to move toward a more general account of linguistic dependencies.  
The first phenomenon is the licensing of negative and positive polarity items (NPIs and PPIs) 
like jemals (‘ever’) and durchaus (‘certainly’). These must be licensed by a downward-entailing 
operator, e.g. negation, or by the absence of negation, (1a) and (1c) [4]. Normally, the operator 
must locally c-command the NPI. However, a number of language processing studies on English 
and German have found evidence for intrusive licensing by a non-c-commanding licenser (1b) 
[3, 6, 7, 8, 9], or pragmatic licensing by implicit negation [10]. These findings have sparked 
discussions about the nature of the underlying linguistic illusions, their relation to working 
memory, and the division of labor between semantic and pragmatic licensing (see [5] for an 
overview).  
The second phenomenon is the licensing of question-sensitive discourse particles (QDiPs) like 
German denn (lit. ‘then’). These must be licensed by a c-commanding Q(uestion)-operator or 
wh-trace [1]. Unlike NPI licensing, QDiP licensing has only recently been described in the 
sentence comprehension literature [2], and it remains unclear to which extent this phenomenon 
is subject to intrusive licensing.  
Both NPI/PPIs and QDiPS enrich the pragmatic impact of their surrounding clause type 
(negation, assertion or question), while being constrained by syntax and semantics in systematic 
ways. In combination, they allow us to proceed from the investigation of isolated licensing 
phenomena to a more general understanding of licensing processes at the interfaces of syntax, 
semantics and pragmatics.  
We show data from rating studies, self-paced reading and ERP measurements of these different 
licensing phenomena. For QDiPs, rating studies show graded reductions in acceptability for 
absent (2b,d) and inaccessible (2c) relative to accessible (2a) Q-licensers. Self-paced reading 
studies show enhanced  processing costs for absent (2b,d), but not for inaccessible (2c) Q-
licensers, suggesting that the violation of some licensing constraints is not robust under time 
pressure. This in turn suggests either a graded increase in processing costs for graded 
violations, or illusory licensing by inaccessible licensers, similar to what has been described for 
NPI licensing. ERP measurements for QDiPs show increased P600 amplitudes for absent 
licensers (2b,d), and mildly increased P600 amplitudes for inaccessible licensers (2c), but no 
differences in the N400 time window. In contrast, the same datasets reveal that unlicensed NPIs 
(1b,c) elicit enhanced N400 amplitudes but no visible difference in the P600 time window (in 
parallel to some of the literature on German NPIs, but in contrast to English NPIs, for which 
licensing violations tend to elicit P600s). This suggests that differences between findings for 
English and German NPIs in the literature cannot be reduced to different strategies in both 
languages, but rather suggest that the respective experiments tap into different subprocesses 
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during licensing at the interfaces.  
We discuss (i) parallels and differences between QDiP and NPI licensing behavior (ii) possible 
underlying reasons for both licensing violations (illusions or graded reductions in acceptability), 
and (iii) different possible subprocesses in licensing at the interfaces.  

Additional Material: Examples of language materials for experimental conditions 

NPIs and PPIs: (a) accessible NEG-licenser, (b) inaccessible NEG-licensers, (c) no NEG-licenser  
(stimuli based on Vasishth et al. 2008)  

(1a)  Kein Biologe, der eine Brille aufgesetzt hatte, war jemals/*durchaus gesprächig.  
 No biologist who det glasses put.on.part. aux was NPI/PPI talkative.  
 ‘No biologist who wore glasses was ever/*certainly talkative.’  

(1b)   Ein Biologe, der keine Brille aufgesetzt hatte, war *jemals/durchaus gesprächig.  
 A biologist who no glasses put.on.part. aux was NPI/PPI talkative.  
 ‘A biologist who wore no glasses was *ever/certainly talkative.’  

(1c)   Ein Biologe, der eine Brille aufgesetzt hatte, war *jemals/durchaus gesprächig.  
 A biologist who no glasses put.on.part. aux was NPI/PPI talkative.  
 ‘A biologist who wore no glasses was *ever/certainly talkative.’  

QDiPs: in root clause with (a) accessible Q-licenser, (b) no Q-licenser;  
             in embedded clause with (c) inaccessible Q-licenser, (d) no Q-licenser  

 (2a)  Wer hat den Kuchen aus der Bäckerei denn aufgegessen? 
who has the cake from the bakery QDiP up.eat.part  
‘Who then ate the cake from the bakery?’ [Please note that the exact flavor of denn cannot be translated.]  

(2b)   * Robert hat den Kuchen aus der Bäckerei denn aufgegessen. 
Robert has the cake from the bakery QDiP up.eat.part  
‘Robert then ate the cake from the bakery.’   

 (2c)     * Wer hat gesagt, dass die Oma den Kuchen denn aufessen muss? 
             who  has said that the granny the cake QDiP up.eat.part must  
             ‘Who said that the granny should eat the cake then?’   

(2d) * Robert hat gesagt, dass die Oma den Kuchen denn aufessen muss.  
  Robert has said that the granny the cake QDiP up.eat.part must  
  ‘Robert said that the granny should eat the cake then.’  
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Testing the role of phoneme order in lexical access using transposed-phoneme priming 
 
 Introduction: Some influential models of spoken word recognition, such as the cohort 
model (Marslen-Wilson and Welsh 1978; Marslen-Wilson 1987), ascribe considerable importance 
to the sequential order of elements in the acoustic signal for lexical access. Recent work using 
the visual world paradigm, however, challenges this assumption: Toscano et al. (2013) found that 
listeners fixate more on distractors that comprise phonemic anadromes of the target (e.g. target 
sub, distractor bus) than on distractors which share the target’s onset and nucleus (e.g. sun) and 
unrelated distractors (e.g. well), suggesting that listeners consider lexical candidates that consist 
of a set of phonemes, regardless of order. To further explore the effects of different re-orderings 
of the acoustic signal, we adapt the visual transposed-letter priming paradigm for auditory lexical 
decision. In visual lexical decision, readers judge words faster when primed by nonce letter strings 
formed by transposing two of the target’s letters (e.g. nakpin primes NAPKIN; Lee and Taft 2009). 
We test for “transposed-phoneme” (TP) priming: that is, whether listeners judge words faster 
when primed by nonce auditory strings formed by transposing two of the target’s phonemes. 

Methods: Thirty native monolingual English speakers judged the lexicality of 72 auditorily-
presented CVCCVC English words and 72 CVCCVC non-words. Stimuli were presented in DMDX 
(Forster and Forster 2003) using the auditory masked priming paradigm (Kouider and Dupoux 
2005; Schluter 2013). Real-word targets occurred in six priming conditions: repetition (e.g. 
prime/target biscuit [bɪskət]), initial-consonant transposition (TP-12; e.g. prime [sɪbkət]), final-
consonant transposition (TP-34; e.g. prime [bɪstək]), inner-consonant transposition (TP-23; e.g. 
prime [bɪksət]), outer-consonant transposition (TP-14; e.g. prime [tɪskəb]), and control (e.g. prime 
[rænʤəm]). Phonotactically legal non-words comprised all of the non-repetition primes. 

Results: We conducted a linear mixed-effects regression analysis to analyze RTs to real-
word targets using the lme4 package (Bates et al. 2015) in R (R Core Team 2017) and using the 
lmerTest package (Kuznetsova et al. 2016) to simulate Satterthwaite approximations for degrees 
of freedom to assess significance. The model included negative reciprocal RT (-1000/RT) from 
target onset as the dependent variable; priming condition (reference level: the control condition), 
target frequency using SUBTLEX-US log contextual diversity values (Brysbaert and New 2009), 
and target duration as fixed effects; and subjects and targets as random effects. We found that 
participants responded significantly faster in the repetition (t(1,781) = -8.70, p < 0.001; M = 908 
ms), TP-12 (t(1,781) = -4.22, p < 0.001; M = 945 ms), TP-34 (t(1,781) = -2.76, p < 0.01; M = 954 
ms), and TP-23 conditions (t(1,781) = -3.10, p < 0.005; M = 967 ms) than in the control condition 
(M = 989 ms). In contrast, the effect of priming in the TP-14 condition was not significant (t(1,781) 
= -1.92, n.s.; M = 968 ms), suggesting that the length of the transposition constrains TP priming. 

Discussion: We obtained significant facilitatory priming by nonce acoustic strings formed 
by transposing the segments of the target word, reinforcing that words may be activated by strings 
which contain the same phonemes regardless of their order (cf. Toscano et al. 2013). Our results 
challenge assumptions that a strict ordering of phonemes is essential to lexical access, such that 
changes to this ordering disrupt processing: as in vision, spoken word recognition is robust to 
(some) transpositions. Moreover, they validate the use of auditory masked priming for further 
investigating the effects of different transpositions on word recognition (e.g. short- versus long-
distance transpositions). Further, the facilitatory priming in the TP-12 condition challenges claims 
that metatheses which involve segments at the beginning of a word are rare cross-linguistically 
because such metatheses disrupt lexical access (Hume 2001; Mielke and Hume 2001).  

Previous studies using auditory masked priming have not found priming by strings which 
simply overlap in form with the target, but such studies have used real words as form overlap 
primes (e.g. Davis et al. 2010; Kouider and Dupoux 2005; Schluter 2013). In an ongoing second 
experiment, we investigate the contribution of form overlap to the observed TP priming effect by 
comparing priming by nonce strings formed by phoneme-transposition versus ones formed by 
replacing one of the target’s phonemes (e.g. [sɪbkət] versus [nɪskət] priming biscuit [bɪskət]). 
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fMRI reveals language-specific predictive coding during naturalistic sentence comprehension
Cory Shain1, Idan Blank2, Marten van Schijndel3, Evelina Fedorenko2, William Schuler1 1OSU, 2MIT, 3JHU
What are the neuro-cognitive mechanisms supporting predictive language processing? In particular, to
what extent does prediction during comprehension recruit language-specific mechanisms, and to what ex-
tent does it rely on general cognitive mechanisms supporting prediction across domains? While decades
of psycholinguistic research have advanced our understanding of predictive language processing [39, 42,
60, 49, 25, 52, 58, 53, 38], this evidence has largely been obtained through behavioral (e.g. eye-tracking)
or electrophysiological (e.g., EEG/MEG) measures, which can reliably identify global response patterns
but are not ideal for disentangling the respective contributions to prediction of functionally distinct mecha-
nisms. In this study, we therefore used fMRI to determine whether a signature of predictive coding during
language comprehension — positive response to n-gram surprisal — is primarily evident in (1) domain-
specific cortical circuits, namely, the left fronto-temporal language network [4, 22], or (2) domain-general
circuits, namely, the bilateral “Multiple Demand” (MD) network [19], which supports top-down executive con-
trol across both linguistic and non-linguistic tasks [21]. On the one hand, given that the language network
stores linguistic knowledge, including plausibly the statistics of language input, it might directly carry out
predictive processing (hypothesis 1). This result would be consistent with a growing body of research in
cognitive neuroscience supporting prediction as a ”canonical computation” [36, 51] locally implemented in
domain-specific circuits [44, 47, 1, 9, 2, 61, 51, 36]. On the other hand, given that the MD network encodes
predictive signals across domains and relays them as feedback to other regions [59, 12, 20, 62, 11], it might
be recruited to predict upcoming words [65] (hypothesis 2). This outcome would be consistent with the
general scaling of MD activity with cognitive effort, since surprisal reliably indexes such effort [53].

To distinguish between these hypotheses, we scanned subjects while they passively listened to stories.
This naturalistic paradigm complements previous work on linguistic prediction that has relied on carefully
constructed stimuli, which may introduce task artifacts that do not generalize to everyday cognition [16, 30].1
Despite the growing interest in fMRI studies of naturalistic comprehension [56, 66, 55, 64, 63, 29, 33,
8, 54, 7, 31, 17, 13, 15, 3], only a handful of such studies have directly investigated effects of n-gram
surprisal [65, 8, 41].2 Further, the conclusions from these studies are complicated by reverse inference from
anatomy back to function [46]. To circumvent this issue, here we used robustly validated ”localizer tasks” to
functionally define the language and MD networks in each individual subject [24, 23, ?]. Moreover, to our
knowledge, ours is the largest fMRI investigation to-date (78 subjects) of prediction effects in naturalistic
comprehension.

Subjects’ responses in functionally localized regions of interest (fROI) was recorded while they listened
to materials from the Natural Stories corpus [26]. Hemodynamic response functions (HRF) by region were
estimated using deconvolutional time series regression (DTSR) [50]. Mixed-effects DTSR models were
fitted to responses from each network individually and to the combined response from both networks.

Ablative out-of-sample paired permutation tests showed a significant response to 5-gram surprisal (se-
quential prediction) in the language network (p=0.0001***) but not the MD network (p=1.0) in individual
network models and a significantly increased response to surprisal in the language network over that of the
MD network in the combined model (p=0.0001***).3 Results thus suggest that predictive coding for upcom-
ing words is primarily a canonical computation carried out by domain-specific cortical circuits, rather than
by feedback from higher, domain-general executive control circuits (hypothesis 1). This finding joins previ-
ous evidence for a high degree of compartmentalization in the language processing architecture [22, 45, 5]
and contrasts with experimental results showing (1) engagement of language regions in non-linguistic tasks
[14, 37, 6] and (2) engagement of executive control regions in language processing [35, 34, 32], results
which might have been influenced by task artifacts that can be minimized using our naturalistic paradigm
[30, 10]. By showing that prediction can be locally implemented for high-level language reasoning in hu-
mans, this finding also complements recent work on predictive coding in the mammalian brain, which has
largely focused on low-level perceptual processing [9, 36, 51]

1Minimizing such artifacts is crucial in studies of the MD network, which is highly sensitive to task variables [43, 57, 18].
2[8] and [31] also studied and found positive effects of unlexicalized syntactic surprisal in some regions, which has been interpreted

as evidence of a specifically syntactic prediction mechanism. In this study, we are targeting arguably more basic effects of word
prediction [25], leaving differentiation of lexicalized vs. unlexicalized prediction to future work.

3While this study does not directly investigate locality effects [28, 40, 48], dependency locality integration cost [27] is not well
correlated with 5-gram surprisal in our stimuli (⇢ = 0.183), suggesting that such effects do not drive our results.
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Rising pitch accents are more sensitive to context than falling pitch accents 
Christine T. Roehr, Stefan Baumann, Martine Grice and Petra B. Schumacher (Univ of Cologne) 

petra.schumacher@uni-koeln.de 
 
Prosody is often used to highlight new or surprising information, making it more prominent, while 
given or expected information is prosodically attenuated, making it less prominent. For German it 
has been shown that pitch accent types differ in their degree of perceived prominence 
(Baumann/Röhr 2015) and that they play an important role in the marking of information status 
(Röhr/Baumann 2011). The pitch movement leading towards the target on the accented syllable 
(‘onglide’) is the major tonal cue for prominence (Ritter/Grice 2015), with rising onglides being 
perceptually more prominent than falling ones (Baumann/Röhr 2015). ERP data indicate that 
different pitch accent types are mapped onto information status in real-time: mismatches between 
accent type and information status evoked a more pronounced N400 followed by a late positivity 
(Schumacher/Baumann 2010; see Hruska/Alter 2004). One way to account for this pattern is that 
the negativity reflects the contextually driven detection of the mismatch between prosody and 
information structure, while the positivity reflects updating processes of mental representations. 
An open question is whether the latter process arises from conflicting information in the input (as 
suggested by Schumacher/Baumann 2010) or is tied to signal-driven attentional orienting. 
The present ERP study aimed to investigate effects of expectation- and signal-driven processing 
of prosodic prominence. We investigated cases in which i) prior context generates an expectation 
for a particular prosodic realization and thus leads to correlates of expected or mismatching 
informational processing, and ii) pitch accents differ in their perceptual prominence. 
We tested two types of contexts crossed with two pitch accent realizations. For example, the 
context sentence (1a) builds up an expectation for new, exciting information, which should be 
prosodically highlighted. In contrast, context (2a) generates an expectation for nothing new or 
unusual and thus builds up an expectation for neutral information with its appropriate prosody. 
Test sentence (1b), with a prominent accent appropriate for new, exciting information (rising 
onglide), matches context (1a) but not context (2a). Conversely, sentence (2b), with a less 
prominent accent (falling onglide), typically found on contextually derivable information, matches 
context (2a) but not (1a). We hypothesize that mismatches (incongruent combinations of prosody 
and context expectation) will result in an expectation-based error (negativity). Second, a late 
positivity will arise either as a repair of conflicting information or when a prominent pitch accent 
leads to mental model updating. Third, given that rising onglides are perceptually more prominent 
than falling onglides, we predict that the former will trigger more attentional orienting.  
Twenty-four monolingual speakers of German participated in this ERP study. They listened to 
context and target sentences recorded by a trained phonetician (240 critical items + 120 filler 
items) and performed a word recognition task. We calculated regression-based ERPs (Smith/ 
Kutas 2015a/b) and computed linear regression models with the factors prosody (rising/falling 
onglide) and context (exciting/neutral) and two continuous covariates pitch and intensity. Results 
indicate for both accent types a more negative deflection following the mismatching context 
(reflected in an interaction of prosody and context between 300-400ms). Furthermore, both accent 
types elicit a late positivity between 500-700ms following the exciting context. This may be tied to 
a mechanism of attention orienting (triggered by a highlighting effect of the exciting context) and 
cannot be accounted for on the basis of repair mechanisms. Rising compared to falling onglides 
also show an early positivity (100-200ms). Hence, the results provide evidence for discrete 
neurophysiological correlates of prosodic and contextual prominence: Unexpected accents yield 
an expectation error (N400) while a prominent rising accent consumes attentional resources and 
engenders updating processes (early positivity) which is also observed for contextual highlighting 
(late positivity) independent of the prosodic realization of the target name. 
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Example stimuli: 
 
 
(1) (a) Rate mal, was uns heute passiert ist!        (b)  Wir haben MiLEna getroffen. 
      ‘Guess what happened to us today!         We met     Milena.’ 
      exciting context                       L+H* (rising onglide) 
 
 
 
(2) (a) Heute ist nichts Besonderes passiert.       (b) Wir haben MiLEna getroffen. 
      ‘Today, nothing special happened.             We met     Milena.’ 
                neutral context            H+L* (falling onglide)  
 
 

(i)                                                                 (ii)  

                                         
 

exciting context & L+H* (match) 
neutral context & L+H* (mismatch) 

 
exciting context & H+L*(mismatch) 
neutral context & H+L* (match) 

 

Figure 1. Grand average rERPs at a selected electrode (CZ). (i) shows the rERPs for L+H* 
accents (rising onglide), (ii) for H+L* accents (falling onglide). Exciting (solid lines) and neutral 
contexts (dotted lines) yield different (mis)matches depending on target prosody. 
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Input evidence vs. linguistic knowledge: Establishing new lexical entries during reading 

In two experiments, we explored the properties of lexical entries of new words acquired during 
reading. In particular, we were interested whether readers immediately establish complex lexical 
entries based on their general knowledge of a given language, or whether new mental 
representations are idiosyncratic in the sense that they contain only linguistic information directly 
evident in the linguistic context in which the new word appears. 

For this purpose, we focussed on verb-noun conversion in German. Any German infinitive 
form of a verb like SPIELEN (‘to play’) can be converted into a form-identical deverbal noun like 
das SPIELEN (‘the playing’). This process is highly productive, and any German verb can be 
turned into an uncountable, neuter (with respect to gender) noun this way. Though the mental 
representation of conversion nouns is still controversial, the most recent research supports the 
hypothesis that German deverbal conversion nouns are nested as word-category specific 
subentries under a more central, basic lexical entry of the verb (Bauer & Valera, 2005). The 
question we ask in our study is whether readers who encounter a particular form of a new word 
in a text (e.g. an inflected verb form in 3rd person plural) establish only a flat lexical entry of that 
verb, or whether they are able to establish a complex lexical entry containing also the more 
peripheral subentry for the conversion noun based on linguistic generalisation (for which they do 
not find any evidence in the immediate linguistic context). 

In two experiments, German native speakers (48+48) read 25 short texts in each of which 
an unknown word occurred twice: In Experiment 1 as a conjugated verb form, in Experiment 2 as 
a deverbal conversion noun. After each text, participants read several sentences in self-paced 
reading manner, one of them being in one of four critical conditions containing the same unknown 
word as either a (1) conjugated verb form, (2) an infinitive, (3) a deverbal conversion noun, or as 
(4) a countable derived noun in dative plural (mit den SPIEL-E-N, ‘with the plays/games’). There 
was also a control experiment, in which participants (40) read the same self-paced reading without 
the presentation of preceding text contexts. The analyses of the reading times on the critical 
unknown word and its spill over regions revealed no differences between the conditions in the 
control experiment. In Experiment 1, the encounter of a conjugated verb form in the preceding 
text lead to faster reading times (compared to the control experiment) in all conditions except the 
unproductive condition (4), for which a representation with a separate lexical entry is assumed. In 
Experiment 2, all conditions yielded faster reading times than the control experiment. Fastest 
reading times were observed in condition (3) in the spill-over region, i.e. for the same form that 
had appeared in the previous input. Reading times for conditions (1) and (2) were also faster as 
in the control experiment, but slower than in condition (3), while slowest reading times were 
observed in condition (4).  

The results indicate that participants are able to establish complex lexical entries and 
generalize their structure beyond evidence in immediate input based on broader linguistic 
knowledge (Exp 1). At the same time, the position of the encountered form in the lexical entry’s 
structure turned out to be a significant factor, too: all related nodes seem to profit equally well 
when a more central form of the entry is encountered (inflected verb form, Exp1). In contrast, 
encounter of a more specific, peripheral form of a lower node-level (conversion forms, Exp 2) 
leads to strongest processing benefits for this specific form, but to less pronounced processing 
benefits for related, more central forms of the lexical entry. In addition, the contrast to a potential 
lexical competitor (noun condition) was also more evident in Experiment1 than in Experiment 2. 
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Example Sentences (self-paced reading part, new word bold): 

inflected: ROLAND UND SEINE ZWEI SCHWESTERN BELFEN, BEVOR SIE IHR ZIMMER ENDLICH 

 AUFRÄUMEN. 

  ‘Roland and his two sisters BELFEN bevor they finally clean up their room.’ 

infinitive:  ROLAND UND SEINE ZWEI SCHWESTERN WOLLEN BELFEN, BEVOR SIE IHR ZIMMER 
ENDLICH AUFRÄUMEN. 

 ‘Roland and his two sisters want to BELFEN bevor they clean up their room. 

countable noun:  ROLAND UND SEINE SCHWESTERN GENIESSEN DIE ZWEI BELFEN, BEVOR SIE 

   IHR ZIMMER ENDLICH AUFRÄUMEN. 

  ‘Roland and his two sisters enjoy two BELFEN (pl.) bevor they clean up their room. 

conversion :   ROLAND UND SEINE ZWEI SCHWESTERN GENIESSEN DAS BELFEN, BEVOR SIE IHR 
ZIMMER ENDLICH AUFRÄUMEN. 

 ‘Roland and his two sisters enjoy the BELFEN (‘BELF-ing’) bevor they clean up their 
room.’ 

Note: Existing, low frequency words, whose approximate meaning could be derived from the contexts, were replaced 
by pseudowords to guarantee that participants have never encounter them. (L2 experiments are 
planned as well.) 



Similar discourse properties guide both topicality & referential predictability judgments 
Sandra A. Zerkle & Jennifer E. Arnold (University of North Carolina, Chapel Hill) 
szerkle@unc.edu 

Several theories of referential comprehension suggest that referential predictability (who is 
likely to be mentioned next) guides pronoun comprehension (Arnold, 2010; Hartshorne et al., 
2015; Kehler & Rohde, 2013). What is unknown is whether referential predictability is 
conditioned by topicality. While topicality is notoriously difficult to define, it is generally agreed 
that the subject position is highly topical (Chafe, 1976, Givón, 1981). However, subjects may 
also be predictable, in that they are frequently re-mentioned (Arnold, 2010). Thus, either 
topicality or predictability could explain the tendency for listeners to link pronouns to the 
previous subject. For example in Ana is cleaning up with Liz. She needs the broom, people tend 
to assume Ana needs the broom (Arnold et al. 2018). Yet models disagree about the relation 
between predictability and topicality. Kehler & Rhode (2013) suggest that they are not related, 
and topicality only affects the appropriateness of a pronoun. By contrast, other models suggest 
that topical referents tend to be predictable (Arnold, 2010; Givón, 1983; Prince, 1981). Here we 
test whether judgments about topicality and predictability are driven by the same contextual 
properties, and in particular whether the subject position is both topical and predictable. 

While reference expectation is modulated by verb type (Rohde & Kehler, 2014), we focus on 
the “X is doing something with Y” construction, which has a strong subject bias. We ask how 
judgments about topicality and predictability are influenced by three properties known to affect 
pronoun comprehension: 1) subjecthood, 2) gaze, and 3) print exposure. In stories like the 
example above, listeners tend to pick the subject as the referent for the pronoun, but this effect 
is strongest for individuals with high print exposure (Arnold et al., 2018), and is modulated by 
gaze cues (Nappa & Arnold, 2014). Here we asked 1) does referential predictability pattern with 
judgments of topicality, and 2) do either follow the same constraints as pronoun comprehension.  

Methods. Amazon MTurk participants viewed videos of an animated narrator saying the 
beginning of a story (Ana is cleaning up with Liz) with pictures of the two characters, and a 
central object (Fig.1). After the sentence, the narrator gazed at the subject, non-subject, or 
neutral center; then the video ended. Participants were asked a metacognitive judgment. Exp.1 
asked about referential predictions: “Think about the next sentence in this story. Who do you 
think will be mentioned?” (forced choice: Ana / Liz). Exp.2 asked about topicality: “Who do you 
think is the main character of this story?” (forced choice: Ana / Liz). 9 targets were mixed with 9 
fillers; 64 participants in each experiment. The Author Recognition Task was used to measure 
print exposure (Stanovich & West, 1989). Analyses used multilevel logistic regressions. 

Results. Exp.1 – Predictability judgments (Fig.2): There was an overall subject bias 
(p=0.0002) and an overall gaze bias (subject: p=0.0003, non-subject: p=0.0046), patterning with 
pronoun comprehension. ART scores, however, followed a different pattern than pronoun 
comprehension: they correlated with a stronger gaze effect (Fig.3), as shown by an interaction 
ART*gaze to subject (p=0.026), and marginal ART*gaze to non-subject (p=0.078). 

Exp.2 – Topicality judgments (Fig.4): There was an overall subject bias (p<.0001), and a 
print exposure effect such that participants with higher ART scores were more likely to choose 
the subject when asked about the main character (Fig.5). Both of these effects pattern with 
pronoun comprehension; however, there was no gaze effect, unlike pronoun comprehension. 

Conclusions.  Judgments about both predictability and topicality followed a strong subject 
bias. This broadly supports models in which predictability underlies pronoun comprehension 
(Arnold, 2010; Hartshorne et al., 2015; Kehler & Rohde, 2013), and suggests that predictability 
and topicality are related, at least for this construction (Arnold, 2010; but see Shuang & Arnold, 
2019, for evidence from implicit causality verbs). On the other hand, these findings also support 
separate representations (Kehler & Rohde, 2013), since gaze only affected predictability, and 
print exposure affected each differently. This leaves many open questions, and ongoing work is 
further testing the relationship between print exposure and predictability judgments. 
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A: Gaze to Subject 

 

B: Gaze to Neutral 

 

C: Gaze to Non-Subject 

 
Fig1. Example stimuli. The narrator says, “Ana is cleaning up with Liz” and then gazes at either 
the subject (Ana, A), the center (Neutral, B), or the non-subject (Liz, C).  
 

 
Fig2. Overall subject bias, effect of gaze.   Fig3. ART score interacts with gaze cues (excluding 

two ppts for guessing (incorrect/correct > 50%)).
 

 
Fig4. Overall subject bias.            Fig5. Main effect of ART on subject bias (excluding 

two ppts for guessing (incorrect/correct > 50%)). 
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On the necessity of hippocampus in lexical-semantic mapping in language processing 
Sarah Brown-Schmidt (Vanderbilt University), Nathaniel Klooster (University of Pennsylvania), 
Sun Joo Cho (Vanderbilt University), Nazbanou Nozari (Johns Hopkins University) and Melissa 
Duff (Vanderbilt University Medical Center) 
sarahbrownschmidt@gmail.com 

Recent findings suggest hippocampus contributes to the online processing of language1. We 
ask if hippocampus is necessary for lexical-semantic mapping in online sentence processing. 
Semantic knowledge is grounded in experiences that give rise to meaning2. Evidence for a role 
for hippocampus in semantics comes from a study of direct hippocampal recordings that finds 
increased hippocampal theta oscillations for semantically constraining sentences, pointing to a 
critical role for hippocampus in the use of semantics to relate words in sentence processing3. 
Converging evidence from fMRI points to left-hippocampal engagement during a semantic 
interference naming paradigm4. Work with patients with bilateral hippocampal damage reports 
impairments in semantic feature generation5. We test patients with bilateral hippocampal 
damage to examine the necessity of hippocampus for lexical-semantic mapping.  

E1 examines lexical-semantic mapping in spoken word recognition6,7. If hippocampal damage 
impairs this process, activation of semantic competitors following a spoken word should be 
attenuated in patients with hippocampal damage. Scenes contain 4 pictures (target, critical item, 
and 2 unrelated), and participants (P) heard a spoken target word. The key manipulation is 
whether the critical item (e.g., mouse) is or is not semantically related to the target word (related 
target=cat; unrelated target=bed). Ps were: 18 healthy young adult (YA) controls; Ps with 
bilateral hippocampal damage and dense amnesia (N=5) and matched healthy controls (N=5). 
We also tested brain-damaged control (BDC) Ps with frontal lobe damage (N=5), and a 
separate group of healthy controls matched to the frontal BDC Ps (N=5). Gaze was analyzed as 
a binary measure of fixations to critical item (mouse) in a series of 10ms time-bins from 180-
1300ms following the target word (e.g. cat) using a dynamic-GLMM (Cho et al., 2018), which 
takes into account dependencies in fixations across time using autocorrelations, and includes 
Ps and items as crossed random effects. Results: As predicted, in YAs the effect of condition 
was significant with many more fixations to the critical item in the related vs. unrelated condition 
(z= -7.24, p<.0001). Amnesia and Comparison Ps also had a significant condition effect (z= -
6.48, p<.0001) that did not interact with group (p=.57). For Frontal Ps and their comparisons, 
the condition effect was significant (z= -2.97, p<.01) and did not interact with group (p=.59).  

E2 tests sentences like “She will hunt (find) the deer”, where the direct object (DO) was 
strongly predicted by the verb8 (hunt=restrictive), or not (find=non-restrictive). Scenes had 4 
pictures: the DO and 3 unrelated objects. The task was to click the DO. Ps were 16 YAs, Ps 
with bilateral hippocampal damage (N=5) and matched healthy controls (N=10). Gaze was 
analyzed from 180-1700ms using dynamic-GLMM. Results: As predicted, YAs made more DO 
fixations in Restrictive vs. Non-Restrictive condition (z=10.33, p<.001). In amnesia and healthy 
comparison Ps a significant condition effect (z’s>8.0) did not signif. differ across group (z’s<1.8). 

Conclusion: Two studies find no evidence for impaired lexical-semantic mapping in spoken 
language processing following bilateral hippocampal damage, pointing to a lack of necessity for 
hippocampus in this process. How can we reconcile these findings given previous evidence for 
hippocampal contributions to semantics in comprehension3, production4, and feature 
generation5? One explanation is that hippocampus contributes to the lifelong tuning of lexical-
semantic knowledge. Such a mechanism may predict graded effects, with close and frequent 
semantic relations (tested here) remaining intact. Our findings capture the role of hippocampus 
in engaging lexical-semantic associations during the processing of ordinary sentences, in a 
population with isolated hippocampal damage and dense amnesia. The results clearly show that 
at least for relatively common words and concepts, hippocampus is not necessary for engaging 
the lexical-semantic network in online sentence processing.   
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  Experiment 1     Experiment 2 
LEFT panel: Exp1: Time-course of fixations to the critical item (e.g. mouse) following a 
semantically related spoken target word (e.g. cat) or an unrelated target word (e.g. bed) for 
young adults, amnesia and comparison participants, and frontal and comparison participants. 
Time (ms) on the x-axis is following target word onset.  
RIGHT panel: Exp2: Time-course of fixations to the direct object (e.g. deer) following the onset 
of the verb in sentences like “She will hunt (find) the deer”. Plotted are data for young adults, 
and amnesia and comparison participants.  
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Semantic effects on processing filler-gap dependencies into adjuncts and conjuncts 
Annika Kohrt, Peter O’Neill, Trey Sorensen, Dustin A. Chacón (University of Minnesota) 
kohrt008@umn.edu 

Filler-gap dependencies (FGDs) are processed actively [1,2]. However, active gap 
formation is suppressed in island contexts, which has been taken to reflect on-line application of 
grammatical constraints [3,4]. The nature of island effects is disputed, some attributing them to 
semantic/pragmatic factors [5,6]. For instance, FGDs resolving in adjunct clauses are better 
depending on the semantics of the main clause [7], e.g., which tune did you arrive whistling __ 
is better than ?*which tune did you work whistling __ . 

In a judgment study, [8] found no effect of predicate type on extraction from untensed 
adjunct clauses. But, in on-line measures, they found an interaction between filler-verb 
plausibility and main verb type. To explain this, they suggested that extraction from adjunct 
clauses is syntactically unlicensed, and that the improved acceptability is due to a ‘recovery 
process’ triggered when a plausible interpretation is considered. However, the nature of this 
proposed ‘recovery process’ is murky, and it is unclear whether it should extend to all islands. 

In two experiments, we examined main clause predicate effects on FGDs resolving in 
adjunct and conjunct clauses. Conjunct clauses are relevant, because they have been argued to 
permit FGDs depending on the semantics of the sentence, like adjuncts [9,10]. We found a 
similar complex processing profile in adjunct islands, as [8]. However, increased processing 
time was found for ‘extractable’ predicates. Importantly, we failed to find this effect in conjunct 
clauses, suggesting that an unlicensed FGD may only be ‘recovered’ in adjunct clauses. 

Experiment 1 was an Acceptability Judgment Task to determine whether main clause 
predicate affected acceptability of island violations. Thirty-six participants rated 24 sets of 
sentences on a 1–7 (unacceptable–acceptable). We manipulated whether there was an FGD 
crossing into an island (±Wh), whether the main clause predicate was an “extractable” predicate 
(±Extractability), and Island Type (Adjunct/Conjunct). Mixed effects models with rating as 
dependent variable, manipulations and interactions as fixed effects, and maximal random 
effects [11] showed reduced judgments for +Wh conditions (β=–1.7±0.28, t=6.0, p<0.01), and 
an interaction effect between ±Wh and Island Type lowering judgments for extraction from 
conjuncts (β=–0.57±0.21, t=2.7,p=0.01). Pairwise comparisons failed to reveal any effect of 
±Extractability within Island Type and ±Wh. This suggests that extraction from conjuncts and 
adjuncts is not affected by main clause predicate type. 

Experiment 2 was a self-paced reading task [12] to determine whether active gap 
formation applied in adjunct or conjunct clauses as a function of main clause verb type. We 
used a plausibility mismatch paradigm [2], such that we manipulated the plausibility of the filler 
as an argument of the verb (±Plausibility), ±Extractability, and Island Type. Twenty-four 
participants read the stimuli, which were adapted from Experiment 1. Log residual reading times 
were analyzed at the region after the critical verb (late), using the structure described by [13]. 
There was a main effect of Plausibility (β=0.09±0.03, t=2.8, p=0.01), and an interaction effect 
between Plausibility and Island Type (β=0.12±0.04, t-=2.6, p=0.01). Pairwise comparisons 
revealed a significant difference between +Plausible and –Plausible within –Extractable, Adjunct 
clauses only (β=0.09±0.03, t-ratio=2.8, p=0.01), suggesting that these effects were driven by the 
increased difficulty of +Plausible FGDs in +Extractable Adjunct clauses. 

Thus, like the findings in [8], we found an interaction between plausibility of the FGD and 
the main clause predicate that is specific to adjunct clauses, suggesting a ‘recovery’ process 
selective to adjunct clauses. However, unlike [8], we found increased processing difficulty for 
non-achievement (–Extractable) main predicates. One interpretation of this data may be that 
gaps are not initially postulated in adjunct clauses. However, if the FGD would be plausible, 
comprehenders construct it “bottom-up” just in case the main clause predicate was ‘extractable’. 
The increased processing difficulty in the –Extractable, +Plausible, Adjunct cases reflect 
detection of an implausible or ungrammatical interpretation.  
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 ±Wh  ±Extractable  Island Type  
John 

wondered 
whether / 

which coffee 
his best 
friend 

arrived/ 
worked 

at the 
office 

drinking _ / 
and drank _ 

late this 
afternoon 

Figure 1. Sample stimuli from Experiment 1.  
 ±Plausible  ±Extractable  Island Type  

John 
prepared 

the coffee/ 
the report 

that his 
best friend 

arrived/ 
worked 

at the 
office 

drinking _ / 
and drank _ 

late this 
afternoon 

Figure 2. Sample stimuli from Experiment 2.  

 
Figure 3. Mean acceptability ratings by condition in Experiment 2. 

 
Figure 4. Mean reading times by region and condition in Experiment 3.  
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Using syntactic priming to investigate how recurrent neural networks represent syntax 
Grusha Prasad, Marten van Schijndel and Tal Linzen (Johns Hopkins University) 
grusha.prasad@jhu.edu 
Introduction: Recent studies have demonstrated that recurrent neural networks (RNNs) trained           
to process sentences encode some syntactic information (Gulordava et al, 2018; Futrell et al,              
2018). This raises the possibility that these networks can serve as a component in              
computational models of human sentence processing. In order for that to happen, we need to               
better understand what specific syntactic information these networks encode. We propose a            
paradigm based on syntactic priming that allows us to investigate an RNN’s internal grammar              
and apply it to a specific RNN to understand how it represents relative clauses (RCs).  

Branigan (1995) argued that syntactic priming — the phenomenon where a sentence             
becomes easier to process if it is preceded by a sentence with the same syntactic structure —                 
can be used to infer human syntactic representations. van Schijndel & Linzen (2018) (vS&L)              
found a phenomenon analogous to priming in comprehension with RNNs. When a fully trained              
RNN was presented with a small number of sentences with a shared syntactic structure, and               
was allowed to update its parameters at the end of every sentence (i.e. adapt to the sentence),                 
the surprisal (negative log probability) for novel sentences with that structure decreased.            
Therefore, we can use this adaptive mechanism to infer an RNN’s syntactic representations. If              
the surprisal for an RNN on sentences with a syntactic structure K is lower when adapted to N                  
sentences with structure K than when adapted to N fillers, then the RNN likely represents K. 

As a proof of concept, we applied this method to investigate whether an RNN is sensitive to                  
the structural similarity between reduced and unreduced RCs (RRC & URC) like in (1a) & (1b). 
  1(a) RRC: [The six volunteers taught the complicated procedure ] learned  it very well. 
    (b) URC: [The six volunteers who were taught the complicated procedure ] learned  it very well. 
vS&L found that as an RNN adapted to RRCs, the surprisal at the disambiguating verb               
(underlined) for (1a) decreased more rapidly than the surprisal for (1b). We use this decrease in                
surprisal as our dependent measure in the following experiments. 
Models: We created 12 clones of an RNN language model trained on 2 million words of English                 
Wikipedia (wRNN). Each clone was adapted to either 12 RRCs (RRC-adapted), 12 URCs             
(URC-adapted) or 12 Fillers (Filler-adapted). All the RCs had ditransitive verbs and adjectives. 
Experiment 1: To test whether this RNN (wRNN) was sensitive to the structural similarity              
between RRCs and URCs, we tested all the adapted clones of the wRNN on two sets of 12                  
sentences whose RRCs varied syntactically from the RRCs in the adaptation set.  
    2. No adjectives: [The girl bought the toy] played  with it all day. 
    3. No ditransitive verb : [The lions attacked during the day] were  unable to escape the hunters. 
The surprisal at the disambiguating verb (underlined) for the RRC and URC adapted clones was               
lower than that for the Filler adapted clone (see Figure 1), suggesting that wRNN was sensitive                
to the structural similarity between RRCs and URCs.  
Experiment 2: We wanted to test whether the results of Experiment 1 could have been driven                
by a simple heuristic the clones learned (e.g., sentences frequently have two past tense verbs).               
We tested all the adapted clones on 12 sentences like (4), that had two past tense verbs but no                   
RC. If they just learned the heuristic, all the clones should have equivalent surprisal.  
   (4) The girl bought the toy and saw the movie .  
The surprisal at saw and the period for the RRC and URC adapted clone was greater than that                  
for the Filler adapted clone (Figure 2), suggesting that the wRNN did not just learn the heuristic. 
Conclusion: We have proposed a paradigm inspired by syntactic priming that allows us to              
investigate an RNN’s syntactic representations. Applying this paradigm, we found that the RNN             
we tested (wRNN) was sensitive to the structural similarity between URCs and RRCs. 
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Figure 1: Surprisal across the sentence in Experiment 1 (example 2 top; example 3 bottom) for models                 
adapted to different sets, averaged across 4 random orders. Paired t-tests revealed that at the               
disambiguating verb (highlighted) the surprisal for Filler > URC > RRC (p << 0.001). The surprisal at the                  
3rd word was greater for URC than for Filler or RRC. This is likely driven by the URC model strongly                    
predicting a relativizer and is not relevant to our question. Error bars represent 95% CIs.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Surprisal across the sentence in Experiment 2 for models adapted to different sets, averaged                
across the same 4 random orders as in Experiment 1. Paired t-tests revealed that at saw surprisal for                  
RRC > Filler (p < 0.05) and URC > RRC (p << 0.001) and at the period RRC = URC > Filler (p << 0.001) 
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‘Nonetheless’ can reverse predictions immediately: evidence from ERPs 
Yana Arkhipova (y.arkhipova.17@ucl.ac.uk), Ryan Law (UCL), Ming Xiang (University of 
Chicago) & Wing Yee Chow (UCL) 

Concessive connectives such as ‘however’ and ‘nonetheless’ serve a key role in guiding 
language comprehension. They are critical in establishing coherence across sentences as they 
signal that the current proposition is to contradict or contrast with the prior discourse context [1]. 
A recent event-related potential (ERP) study examined how comprehenders process short stories 
with (or without) the concessive connective ‘even so’ in the target sentence [2]. They found a 
reduced N400 response to coherent critical words relative to incoherent critical words in both 
cases and suggested that comprehenders can use ‘even so’ to reverse their expectations about 
upcoming input on the fly. Meanwhile, however, some have suggested that related linguistic 
devices such as negation and quantifiers like ‘few’ and ‘rarely’ may not be processed fully 
incrementally [3-4, c.f. 5]. Further, as recent work suggested that some predictive computations 
may take longer than others (e.g., using argument roles in verb prediction [6]), questions remain 
as to how quickly concessive connectives can reverse comprehenders’ predictions in real time.  

The present study set out to ask how quickly comprehenders can use the concessive 
connective ‘nonetheless’ to reverse their predictions using ERPs. Following [2], we manipulated 
the coherence (and cloze probability) of the critical word by changing the prior context. Further, 
we manipulated the distance between ‘nonetheless’ and the critical word by placing ‘nonetheless’ 
either at the beginning of the target sentence or immediately prior to the critical word, resulting in 
a 2 (coherent vs. incoherent) x 2 (long vs. short distance) design. A total of 120 sets of stimuli 
were intermixed with 60 filler items which did not contain any connectives.   

Condition Context Target sentence Cloze (sd) 
Long 
Coherent 

The tourist wanted to get back to his hotel. 
He had a map of the city for directions. 

Nonetheless, he was lost in 
the city's winding streets. 

0.41(0.21) 

Long 
Incoherent 

The tourist wanted to get back to his hotel. 
He couldn't find his map and there was no 
one he could ask for directions. 

Nonetheless, he was lost in 
the city's winding streets. 

0.02(0.04) 

Short 
Coherent 

The tourist wanted to get back to his hotel. 
He had a map of the city for directions 

He was, nonetheless, lost 
in the city's winding streets. 

0.37(0.21) 

Short 
Incoherent 

The tourist wanted to get back to his hotel. 
He couldn't find his map and there was no 
one he could ask for directions. 

He was, nonetheless, lost 
in the city's winding streets. 

0.03(0.05) 

If comprehenders can reverse their predictions immediately upon encountering ‘nonetheless’, 
then we should see a clear N400 effect (coherent < incoherent) in both the long- and short-
distance conditions. Alternatively, if the contextual effect triggered by ‘nonetheless’ is dependent 
on the amount of time participants have to process ‘nonetheless’, then the N400 effect might be 
reduced (or even reversed) in the short-distance conditions compared to the long-distance 
conditions. Results (n=27) revealed qualitatively similar ERPs across the short- and long-distance 
conditions, with coherence eliciting a clear N400 effect followed by a P600 effect in both cases. 
We tentatively take these findings to suggest that comprehenders were able to reverse their 
predictions immediately upon encountering a concessive connective, and attribute the P600 effect 
to incongruity detection. We are currently conducting two follow-up experiments to investigate 
whether the lack of an effect of distance may have been due to the frequent occurrence of 
‘nonetheless’ and the absence of non-concessive connectives in the experimental stimuli. 
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Figure 1. Grand averages ERPs at the critical word in the long-distance (left) and short-distance (right) 
conditions at the central electrode CZ. Negativity is plotted upwards. 

 
 

 
 df 350-450 ms 600-800 ms 

Coherence 1,26 20.925** 9.664* 

Distance 1,26 32.412** 59.912** 

Coherence × Distance 1,26 2.477 <1 

Table 1. Two-way repeated measures ANOVA F-values at the critical word. The analysis was 
conducted on average ERPs taken from 15 central and posterior electrodes (CZ, PZ, OZ, C3/4, CP1/2, 
CP5/6, P7/8, P3/5, and O1/2). *p < .01, **p < .001 
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Timing of structural and non-structural information in processing of reflexives in the L2  
Münir Özturhan 	�1D]LN�'LQoWRSDO�'HQL]��%R÷D]LoL�8QLYHUVLW\� 
munir.ozturhan@boun.edu.tr 
Background: Chomsky’s Binding Theory, Principle A (BP-A) (1981) predicts for reflexives (e.g., 
himself) to be bound by a c-commanding local antecedent. This is mainly true for English, but 
Turkish reflexives kendi and kendisi ((him/her)self) do not abide by BP-A (e.g., Kornfilt, 2001). 
Native speakers were shown to be initially guided by BP-A (e.g., Nicol & Swinney, 1989) or by 
discourse-level information as well as syntax (e.g., Badecker & Straub, 2002). Sturt (2003) found 
that although initial stages of antecedent retrieval is informed by syntax, later stages can be 
affected by discourse. This study tested the role of syntactic constraints and discourse 
prominence/antecedent proximity in Turkish learners’ processing of English reflexives. 
Method: Two eye-tracking experiments (Expts 1&2) and one pen-and-paper antecedent 
identification task (Expt 3) were conducted. The materials were adapted from Sturt (2003). In 
Expts 1&2, there were 24 experimental items each consisting of three sentences: (i) a lead-in 
sentence with the inaccessible antecedent (a proper noun), making it discourse prominent, (ii) 
the critical sentence with the inaccessible antecedent, the reflexive and the accessible 
antecedent (a stereotypical male/female noun), (iii) a final wrap-up sentence. In Expt 1, the 
accessible antecedent was linearly closer to the reflexive and both antecedents c-commanded it. 
In Expt 2, the inaccessible antecedent was linearly closer to the reflexive, but it did not c-
command it. Gender congruence between the antecedents and the reflexive was also 
manipulated, creating a match/mismatch between the reflexive and the (in)accessible 
antecedents. (See Table 1 for examples.) In Expt 3, the critical sentences were the same as 
those in Expts 1&2 but they were presented both with and without discourse context. The 
participants (95 in total, Turkish speakers) were advanced learners of English. 48 of them took 
part in Expt 1 and the other 47 participated in Expt 2. All took part in Expt 3. An additional 
antecedent identification task with monolingual Turkish speakers tested BP-A in Turkish. 
Results: In Expts 1&2 six standard eye-tracking measures (first fixation, gaze (first pass, in 
spillover), regression path, re-reading and total duration measures and the probability of 
regression out) were entered into a mixed-effects linear or logistic regression model for the 
disambiguating region (the reflexive) and the spillover region (the two words following the 
reflexive). In Expt 1 the participants showed sensitivity to gender (mis)matches associated with 
the accessible antecedent in regression path duration at the spillover region, t = 3.27, p < .01. In 
Expt 2 they showed sensitivity to the accessible antecedent in regression path, rereading and 
total duration measures (t’s > 1.96, p’s < .05) and in the probability of regression out (z = 2.05, p 
< .05) at the disambiguating region and in regression path duration at the spillover region (t = 
2.05, p < .05). There was no effect of the inaccessible, discourse prominent antecedent in either 
experiment. (See Table 2 for mean values and standard errors.) In Expt 3 participants chose the 
local and c-commanding antecedent (> 79%), but in contexts with a discourse prominent 
inaccessible antecedent, the accessible antecedent choices were reduced, z = 5.14, p < .001. 
The Turkish antecedent identification task confirmed the BP-A violation for Turkish reflexives. 
Conclusion: The eye tracking experiments revealed that Turkish learners of English used 
structural information associated with BP-A in their antecedent retrieval behavior, but they 
showed evidence of integrating this information in later measures (e.g., regression path duration, 
re-reading duration) compared to the early measures (e.g., first fixation duration, first-pass 
reading time) reported for native speakers in Sturt (2003). Unlike the L2 speakers in Felser and 
Cunnings (2012), Turkish learners of English did not show an initial sensitivity to the non-
structural cues (discourse prominence/linear proximity of antecedents) although they used 
discourse prominence in their final interpretations (reduced accessible antecedent preference). 
The results appear to be parallel to those reported in Sturt (2003) with the exception that the L2 
learners were slower than native speakers in their integration of structural and non-structural 
information, which can be attributed to L2 learners’ slower processing speed (Hopp, 2006). 
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Table 1: Examples of experimental items  
Experiment 1 Experiment 2 
Jonathan/Jennifer was pretty worried at 
the hospital. He/She remembered that the 
surgeon had pricked himself/herself with a 
used syringe needle. There should be an 
investigation soon.  

Jonathan/Jennifer was pretty worried at 
the hospital. The surgeon who treated 
Jonathan/Jennifer had pricked 
himself/herself with a used syringe needle. 
There should be an investigation soon.  

 
Table 2: Mean values for four conditions with standard errors in parentheses for six standard 
eye-tracking measures in Experiment 1 & Experiment 2 (Expt: Experiment; DR: Disambiguating 
Region, SR: Spillover Region; Acc.: Accessible, InAcc.: Inaccessible; M: Match, MM: Mismatch) 
  Expt 1  Expt 2  
  DR SR DR SR 
  Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
First Fixation 
Duration (ms.) 

Acc.M-InAcc.M 259 (11) 252 (11.2) 255 (6.8) 268 (14.4) 
Acc.M-InAcc.MM 251 (6.1) 263 (12.5) 255 (6.3) 243 (9.8) 
Acc.MM-InAcc.M 250 (7.6) 254 (10.7) 254 (6) 285 (14) 
Acc.MM-InAcc.MM 256 (9) 288 (11) 261 (7) 245 (8.1) 

Gaze /First Pass 
Duration (ms.) 

Acc.M-InAcc.M 305 (12.8) 288 (20.4) 293 (9.2) 295 (16.5) 
Acc.M-InAcc.MM 301 (10.6) 291 (15.3) 297 (8.9) 269 (12) 
Acc.MM-InAcc.M 294 (10) 294 (17.7) 300 (9.3) 300 (14.5) 
Acc.MM-InAcc.MM 313 (12.4) 292 (13.2) 303 (9.1) 286 (13.8) 

Regression Path 
Duration (ms.) 

Acc.M-InAcc.M 427 (36.3) 345 (19) 386 (25.9) 487 (35.1) 
Acc.M-InAcc.MM 426 (29.3) 417 (36.1) 407 (22.5) 467 (25.7) 
Acc.MM-InAcc.M 394 (25.1) 439 (56.6) 493 (43.3) 511 (40.4) 
Acc.MM-InAcc.MM 445 (34.9) 490 (39.3) 416 (25) 543 (43.7) 

Rereading 
Duration (ms.) 

Acc.M-InAcc.M 238 (39) 124 (25.4) 255 (29.6) 137 (25.4) 
Acc.M-InAcc.MM 192 (23.5) 144 (30.2) 301 (32.8) 140 (25) 
Acc.MM-InAcc.M 238 (37.9) 154 (28) 361 (34.5) 179 (30) 
Acc.MM-InAcc.MM 296 (34) 130 (27.5) 289 (26.1) 170 (26.2) 

Total Duration 
(ms.) 

Acc.M-InAcc.M 417 (31) 213 (18.7) 433 (26.9) 227 (18) 
Acc.M-InAcc.MM 403 (22.1) 194 (18.8) 448 (27.6) 212 (17.7) 
Acc.MM-InAcc.M 423 (31.6) 212 (19) 508 (31.1) 245 (19.4) 
Acc.MM-InAcc.MM 456 (29.8) 215 (17.6) 509 (27.2) 241 (18.9) 

Probability of 
Regression Out 

Acc.M-InAcc.M .18 (.03) .16 (.39) .14 (.02) .18 (.03) 
Acc.M-InAcc.MM .16 (.02) .16 (.04) .15 (.02) .19 (.04) 
Acc.MM-InAcc.M .15 (.02) .16 (.04) .18 (.03) .15 (.03) 
Acc.MM-InAcc.MM .14 (.27) .24 (.05) .16 (.03) .25 (.04) 

 



Spatial Language and Reference Tracking 

When a referent is salient in the discourse, a subsequent repeated full reference (i.e. a name or 
definite description) is read more slowly than a pronominal reference. This cognitive processing 
delay has been named the “repeated name penalty” (Gordon et al., 1993). Recent fMRI 
research suggests that the repeated name penalty activates the same parietal regions involved 
in perceptual feature binding and spatial processing (Almor et al. 2007). A possible 
interpretation of these findings is that our brain relies on the same neural circuits to track 
multiple spatial representations and to keep track of linguistic referents in discourse. In this 
view, pronouns act as “spatial indices” by utilizing spatial representations to reduce 
representational burden and interference between activated referents.  

At present, there is no direct evidence in support of this interpretation. The aim of the current 
study is therefore to test the hypothesis that linguistic reference tracking involves spatial 
cognitive processes. Moreover, we ask whether these processes are engaged differently by 
pronouns and repeated definite descriptions, and whether pronouns use spatial neural circuits 
more efficiently. One way to address this question is to contrast the processing of different 
referential forms in spatial and non-spatial language contexts. In the present study, we therefore 
examine whether the repeated name penalty varies between spatial and non-spatial language.  

The current study utilized an image verification task in which 120 undergraduate students read 
discourses that described either previously (E1, E2) or subsequently (E3) seen images. They 
then indicated whether the sentences accurately described the images. The reading portion 
included either three-sentence (E1) or four-sentence discourses (E2, E3). Items were presented 
in eight-discourse blocks, half of which were spatial and the other half non-spatial. Figure 1 
shows a schematic of this task and a sample item. 

The first sentence in each item introduced a target shape with a definite noun (e.g., “the 
square”) as the grammatical subject to establish it as the most salient entity. The second 
sentence referenced the target with the pronoun “it” in the subject position to further enhance its 
salience. The critical third sentence included the repeated name penalty manipulation. It either 
referenced the target shape with a pronoun or referred to it with a repeated definite noun. 

E1 found that the interaction between discourse type (spatial vs. non-spatial) and reference 
form (pronoun vs. repeated name) had a significant effect on Sentence 3 reading times, such 
that the repeated name penalty was reduced in the spatial contexts in comparison to non-spatial 
ones. Specifically, we found that sentences with repeated definite references benefit more than 
pronouns from spatial contexts (see Figure 2 for results and statistics). E2 addressed concerns 
about possible wrap-up effects by adding a fourth sentence after the critical third sentence, and 
concerns about possible difficulty differences between the spatial and non-spatial conditions by 
making the latter ones easier. The results from this experiment closely replicated those of E1 in 
showing a similar significant interaction, with repeated definite references again benefiting in 
spatial contexts (Figure 3). E3 asked if the reduction in the repeated name penalty in spatial 
contexts would hold even if participants read the descriptive sentences before seeing the visual 
display. The results showed no interaction between discourse type and reference form (Figure 
4), indicating that a visuo-spatial load is required for modulating the repeated name penalty.  

In summary, these results show that, under conditions of visuo-spatial memory load, spatial 
discourses are subject to a reduced repeated name penalty such that the processing of 
repeated definite descriptions becomes easier. This shows that definite descriptions but not 
pronouns benefit from explicit spatial associations. We speculate that pronouns inherently 
function as spatial indices and therefore don’t stand to benefit more from making the discourse 
spatial.  In contrast, repeated definite descriptions do not initially take advantage of spatial 
resources unless the discourse context is inherently spatial. 
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Figure 1. E1 task schematic 

Figure 3. E2 (N = 61) Sentence 3 
reading times. 
 
Spatial F(1, 60) = 8.54, p < .005 
Ref type F(1, 60) = 74.85, p < .001 
Interaction F(1, 60) = 4.45, p < .05 

Figure 2. E1 (N = 55)  
Sentence 3 reading times.  
 
Spatial F(1, 54) = 14.65, p < .001, 
Ref type F(1, 54) = 128.39, p < .001, 
Interaction F(1, 54) = 4.76, p < .05 

Figure 4. E3 (N=30) 
Sentence 3 reading times.  
 
Ref type F(1, 29) = 4.51, p < .05 

Figure 1. E1, 
E2, E3 task 
schematics  a. 

b. 

c. 

Non-Spatial passage examples: 
S1: The rectangle is medium. 
S2: It is smaller than the circle 
S3:  
Pronoun: It is larger than the 
triangle. 
Repeated N.: The rectangle is larger 
than the triangle. 
New: The triangle is smaller than the 
rectangle. 
S4: The square is smaller than the 
circle. 
 

Spatial passage examples: 
S1: The rectangle is on the bottom. 
S2: It beside the circle 
S3:  
Pronoun: It is above the square. 
Repeated N.: The rectangle is above 
the square. 
New: The square is below the circle. 
S4: The square is diagonal to the 
circle. 



Crosslinguistic influence modulates L2 speakers’ offline but not online processing of 
implicit causality 
Hyunwoo Kim & Theres Grüter (University of Hawai‘i at Mānoa) 
hyunwoo2@hawaii.edu 

Crosslinguistic activation is well-attested in bilinguals’ lexical and syntactic processing. Less 
is known about the consequences of cross-language activation at the lexical level on referential 
biases at a discourse level, a domain of ongoing investigation in the L2 processing literature.[1],[2] 
This study investigates how the strength of referential biases associated with implicit vs explicit 
causality predicates in Korean affects Korean-English bilinguals’ reference processing in 
English during written sentence completion (Exp1) and real-time listening (Exp2). Implicit 
causality (IC) is a well-known phenomenon whereby certain verbs create biases to remention 
either its subject or object in a causal dependent clause.[3] Importantly, some English IC verbs 
can only be translated into Korean involving explicit causality (EC) marking (see 1a). Previous 
work has shown stronger subject bias with EC than with (subject-biased) IC predicates among 
native Korean speakers in their L1 Korean, and in their L2 English for translation equivalents of 
Korean EC vs IC verbs, all of which are lexical IC verbs in English, suggesting crosslinguistic 
influence of bias-strength associated with L1 construction type on L2 referential processing.[4] 
Here we ask whether these effects replicate with a more controlled set of predicates (RQ1), are 
modulated by L2 proficiency (RQ2), and extend to real-time processing (RQ3).  

Method: In Exp1, 62 Korean-English bilinguals (NNS) completed a written sentence 
completion task comprised of 24 subject-biased (all class 31.1[5]; 12 with lexical (IC), 12 with 
EC-construction translation equivalents in Korean, (1a&b)) and 24 object-biased verbs. In Exp2, 
a different group of 52 NNSs listened to items containing the same 48 verbs (see (2)) and 48 
non-IC verbs while looking at scenes showing the two referents (Fig1). NNSs in Exps 1 and 2 
were matched for proficiency, as measured by LexTALE (M=74, range: 31-100 in Exp1; M=71, 
range: 50-96 in Exp2) and a cloze test (M=28, range: 3-48 in Exp1; M=27, range: 5-45 in Exp2). 
Native English speakers (NS) served as controls (Exp1: n=40; Exp2: n=52) and were predicted 
to show no differences in bias-strength between the two types of NP1-biased verbs (IC, EC).  

Results: In Exp1, we used mixed-effects logistic regression to examine the effects of 
Predicate type (EC, IC) and proficiency on the likelihood of the subordinate subject referring to 
the matrix subject. Predicate type interacted with Group (b=0.70, p=.009), with stronger subject-
bias in EC than IC predicates in the NNS (b=0.98, p<.001) but not the NS group (Fig2). Neither 
LexTALE (b=–0.27, p=.11) nor cloze scores (b=–0.11, p=.50) interacted with Predicate type.  

In Exp2, participants’ preference for fixating NP2 vs NP1 referents was analyzed in four 
successive temporal windows (Fig3). For each window, two LME models were fit: one to the 
entire data with Group (NS, NNS) and Verb type (NP1, NP2) as fixed effects, and one to the 
NP1-data only with Group and Predicate type (EC, IC) as fixed effects. Results from the first set 
of models showed an interaction of Group and Verb type (b=3.39, p=.020) in the first window, 
driven by a significant IC effect in the NS group only. In all subsequent windows, only main 
effects of verb type emerged, yet the IC effect within the NNS group did not emerge until the last 
window (Pro+3; b=3.33, p=.01). These findings suggest similar, albeit delayed, processing of IC 
in L2 as in L1. The second set of models showed no robust effects or interactions involving 
Predicate type (EC, IC). The addition of proficiency did not improve the fit of any models.  

Conclusions: Exp1 replicated offline effects of cross-language influence of IC bias strength 
(RQ19). Exp2 showed evidence of NNS’ incremental, albeit delayed, use of IC bias in real-time 
listening; yet no clear effects of cross-language activation emerged in NNS’ real-time processing 
(RQ3U). Proficiency did not modulate NNS’ offline or online performance (RQ2U). Overall, 
these findings confirm previously observed effects of lexical co-activation on bilinguals’ offline 
reference choices. The absence of these effects during real-time processing, together with the 
delayed emergence of the general IC effect in NNSs, suggests that increased processing 
demands may lead to attenuation of crosslanguage activation.  
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(1) Sample items from the sentence-completion task (Exp1) (with Korean translations below) 
a.  Eliza surprised Natalie because ____________. (EC type, k = 12) 
     Eliza-nun    Natalie-lul       nolla-key                      ha-yess-nuntey waynyahamyen 
     Eliza-NOM  Natalie-ACC   be surprised-RESULT  do-PAST-connective because 
b.  Celine provoked Nancy because____________. (IC type, k = 12) 
     Celine-un     Nancy-lul     topal-ha-yess-nuntey   waynyahamyen 
     Celine-NOM   Nancy-ACC  provoking-do-PAST-connective because  
 
(2) Example of linguistic stimuli in Exp2 
(Context) Justin and Steve met each other at a Halloween party last year. 
(Critical)     Justin frightened Steve at first sight because he was wearing a ghost costume. 
(Question)  Who was wearing a ghost costume?     
                                   

 

 
Figure 1. Sample of visual stimuli                     Figure 2. Mean percentage of subject reference  

       in Exp1; error bars indicate 95% CIs 
 

 
Figure 3. Exp2: Time course of fixations across the trial for the critical sentences by verb type 
(NP1, NP2) and area of interest (AOI: NP1-, NP2-referent) starting from because onset (0ms); 
Because+Pro: onset of because - pronoun offset (520ms), Pro+1: pronoun offset - 500ms after 
pronoun offset, Pro+2: 500ms - 1000ms after pronoun offset, Pro+3: 1000 - 1500ms. 
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Event categorization using non-verb cues 
Aron Marvel, Jean-Pierre Koenig & Gail Mauner (University at Buffalo) 
aronmarv@buffalo.edu 
 
Extant work on event categorization assumes verb senses denote event categories (e.g. McRae 
et al., 2005a; Vinson & Vigliocco, 2008), here defined as internal representations of bounded 
regions of space-time that can be characterized by features. But a single verb sense can denote 
several event categories. For example, an event where someone raises a glass in celebration (a 
toast) and an event where a crane raises a truck out of a lake are unlikely to be categorized 
together. While it has been recognized that particular non-verb cues generate expectations about 
upcoming content (see McRae et al., 2005b; Elman, 2009; Matsuki et al., 2011), it is unclear 
whether such cues are utilized for event categorization. The research reported on here addresses 
two questions: (1) Do speakers use event participant properties to distinguish among event 
categories, and (2) if so, which of these properties matter most, both in general and for 
specific semantic domains? To answer these questions, two experiments were conducted. 

In Experiment 1, informed raters (the researchers) assigned categories to 2,000 pseudo-
randomly selected sentences with one of 10 verbs from the British National Corpus, using 
parameters known to inform category judgments: agent type, time frame, event complexity, 
sociocultural salience, available inferences, and specific motion sequence. We presented 30 
participants with 96 pairs of these sentences, balanced across 3 groups: (1) same verb sense + 
same rated category; (2) different verb sense + different rated category; and (3) same verb sense 
+ different rated category. Participants judged the similarity of the events described by pairs of 
sentences on a 7-point Likert scale. A participant’s overall median score was used as a breakpoint 
to determine whether pairs of sentences should be assigned to the "same" or "different" event 
category. Rater and participant judgments were compared in a Chi-square test of independence. 
The results strongly suggest a relationship between event similarity and inclusion of events within 
the same category, with a medium to large effect size as measured by Cramer's V (X2 = 218.64, 
N = 1129, p < 0.001, V = 0.44), and further suggest that speakers are able to make category 
distinctions even when events share a verb sense (Figure 1). In Experiment 2, 120 participants 
each sorted into categories, based on the similarity of the events described, 6 sets of 20 
sentences from the American National Corpus with the same verb and verb sense. Participants 
then listed the event properties they used to distinguish event categories when sorting. Verbs 
were balanced across 6 semantic domains (Table 1). Approximately 2,000 unique event features 
were elicited. Since many listed features could be near-synonyms, features were condensed into 
a smaller number of feature clusters through k-means clustering based on their semantic similarity 
(as per Latent Semantic Analysis) and a suite of optimality indices. These ‘standardized’ features 
were ranked according to their frequency of use and their distinctiveness as measured by cue 
validity. A series of mixed effects logit regressions suggested that 5 of 6 semantic domains 
significantly predicted an increased likelihood of specific standardized features being used for 
categorization (Table 1).  

Experiment 1 suggests that speakers do use event participant properties to map the same 
verb senses into distinct event categories while Experiment 2 provides a broad set of non-verb 
features used for event categorization. Importantly, these data specify what kinds of non-verb 
information expanded theories of event categorization need to include, while still allowing verb 
senses to capture relevant information at a particular level of granularity. Furthermore, the 
importance of animacy, humanness, and plurality in participants' sorting suggests that the use of 
these properties in inflection and in agreement patterns across human languages might be rooted 
in their relevance to event categorization. 
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Figure 1. Percentage of same-category sentence 
pairs across similarity ratings (shared verb sense). 

Semantic 
domain 

Event participant features Pr( > |z|) 

Feeling Group participants 
Government/military/politics 
Events involving people 

< 0.001 
< 0.001 
< 0.001 

Possession Inanimate object participants 
Items or money 

  0.002 
< 0.001 

Movement Animal participants 
Group participants 
Inanimate object participants 
Individual participants 

< 0.001 
< 0.001 
< 0.001 
  0.01 

Physical 
action 

Animal participants 
Inanimate object participants 
Events involving people 
Individual participants 

< 0.001 
< 0.001 
< 0.001 
  0.03 

Mental Group participants 
Events involving people 
Individual participants 

< 0.001 
< 0.001 
< 0.001 

Table 1. A verb’s semantic domain predicts the increased 
use of specific properties of event participants for 
categorization. 



 

 

Word frequency and the elusiveness of the L2-L1 (masked) translation priming effect 

Adel Chaouch-Orozco (University of Reading), Jorge González Alonso (The Arctic University of 
Norway) & Jason Rothman (University of Reading, The Arctic University of Norway, Universidad 
Nebrija) 

a.chaouchorozco@pgr.reading.ac.uk 

Research into the lexical processing of non-cognates by unbalanced bilinguals under masked 
priming conditions shows an asymmetry in lexical decision tasks (LDT) (e.g., Wen & Van Heuven, 
2016). Responses to L2 targets preceded by L1 translation equivalent primes are faster than 
when the L1 primes are unrelated. In the opposite direction (i.e. L2 primes – L1 targets), the 
effects are minimal or, at least, significantly smaller.  

The Bilingual Interactive Activation + (BIA+) model (Dijkstra & Van Heuven, 2002) claims 
slower L2-word processing prevents them from activating their L1 counterparts under masked 
priming conditions. Factors like word frequency or L2 proficiency can, according to the BIA+ 
model, speed processing up. The Sense Model (SM, Finkbeiner et al., 2004) claims that a 
representational asymmetry in the L1/L2 senses (word meanings) causes the priming asymmetry. 
For a target to be primed, all its senses must be activated. The many meanings attributable to the 
same apparent morphophonological form, context depending, of an L1 prime (e.g. ‘head’ can 
mean many things) are claimed to activate the few meanings known of an L2 target, but not the 
other way around (i.e. the few meanings known of an L2 translation equivalent prime can only 
activate a small proportion of the many meanings known of its L1 counterpart, eliciting null or very 
small L2-L1 priming effects). The Revised Hierarchical Model (RHM), which claims that L2 
proficiency should be a key factor to explain the above, is also considered in this study (Kroll and 
Stewart, 2010).  

To investigate these theoretical accounts, we tested 29 adult L1 Spanish-L2 English 
learners living in an L2-dominant environment (for 3 years on average) in a masked translation 
priming LDT. The presentation procedure consisted of a 500 ms mask, followed by a 60 ms prime, 
immediately followed by the target (Figure 1; see Table 1 for stimuli examples). The participants’ 
L2 proficiency (upper intermediate to upper advanced); word frequency (low to moderate); age of 
L2 acquisition; language dominance; and time living in an L2-dominant environment were treated 
as continuous variables in linear mixed effects models (Baayen, 2008).   

The results showed a priming asymmetry (Figure 2) (38 ms vs 17 ms, p<.05). Responses 
to L2 targets preceded by their L1 translation equivalents were 38 ms (significantly) faster than 
when an unrelated L1 prime preceded the targets. In the L2-L1 direction, the 17 ms priming effect 
was not significant, but, crucially, word frequency modulated the effect (i.e. only the most frequent 
L2 primes elicited priming effects) (Figure 3). Contrary to what was expected, against the RHM’s 
main prediction, L2 proficiency did not modulate the priming effects (and neither did age of L2 
acquisition, language dominance, or the time living in an L2-dominant environment). These results 
challenge the SM, since the model, in its original instantiation, is not able to account for the 
observed role of word frequency (nor for an attenuation of the asymmetry if more frequent L2 
primes are used). These findings can be accommodated by the BIA+ since more frequent L2 
words would be processed faster, allowing them to activate the L1 targets under masked priming 
conditions. In summary, the data overall support the BIA+ approach. 
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Figure 1. Example of the presentation               Table 1. Sample stimuli used in 
procedure.                                               in the L1-L2 translation direction.                                                                         
 

 
 
 
 
Figure 2. Mean RTs for related and control      Figure 3. Prime Type by Prime  
primes in both translation directions.          Frequency interaction in L2-L1 direction. 
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Immediate revision of disconfirmed predictions: Evidence from Eye-tracking and ERPs 
Wing-Yee Chow, Di Chen (UCL) and Suiping Wang (South China Normal University) 

wingyee.chow@ucl.ac.uk 
Prediction has been argued to play a key role in successful language comprehension, but 

the creative nature of language means that our predictions often turn out to be wrong. Previous 
event-related potential (ERP) studies showed that comprehenders can reliably detect cues that 
conflict with comprehenders’ predictions (e.g., an adjective that has a different grammatical 
gender than the most expected noun) [3-6], but to date little is known about what cognitive 
processes underlie the ERP effects elicited at the prediction-inconsistent cues. For example, do 
they simply reflect some sort of processing breakdown while comprehenders wait for the 
relevant bottom-up inputs to arise? Or do they reflect the processing costs incurred when 
comprehenders actively inhibit their original predictions and make new predictions? Here we 
took advantage of the rich classifier system in Mandarin Chinese to examine whether and how 
comprehenders update their noun prediction upon encountering an unexpected classifier. Since 
Mandarin has over 70 classifiers and different classifiers are associated with nouns with 
different semantic-conceptual properties like shapes and functions (e.g., ‘zhi’ for pens and tree 
branches) [7], a classifier that is inconsistent with listeners’ existing noun predictions can not 
only serve as an error signal [6], but it can also be informative for making new noun predictions 
[8]. We found evidence from eye-tracking and ERPs which suggests that comprehenders can 
quickly use prediction-inconsistent classifiers to revise their predictions on the fly. 

We created Mandarin Chinese sentences like (1) and (2), which end with a target noun 
that was either predictable or unpredictable given the initial context. Crucially, the target noun 
was preceded by a classifier and an adjective, and the classifier was either compatible with the 
predictable noun flower (e.g., ‘duǒ’), or incompatible with flower but indicative of another 
contextually suitable noun like leaf (e.g., ‘piàn’). A general classifier (e.g., ‘ge’, ‘xie’) that is 
compatible with both nouns (and therefore is uninformative) was used in the control conditions, 
resulting in the 2 (specific vs. general classifier) × 2 (predictable vs. unpredictable noun) design.  

(1) zài huāyuánlǐ wánshuǎ shí, xiǎonánhái sònggěi xiǎonǚhái yī {duǒ/xiē} hěnpiàoliàngde huā 
“While playing in the garden, the little boy gave the little girl a {CLspecific / CLgeneral} beautiful flower.” 

(2) zài huāyuánlǐ wánshuǎ shí, xiǎonánhái sònggěi xiǎonǚhái yī {piàn/xiē} hěnpiàoliàngde shùyè 
“While playing in the garden, the little boy gave the little girl a {CLspecific / CLgeneral} beautiful leaf.” 

In Experiment 1 (eye-tracking; n=23) spoken stimuli were presented together with a 
visual display with four objects. Listeners were more likely to look at the predictable object 
(flower) than the unpredictable object (leaf) prior to the classifier onset. Upon hearing a 
prediction-inconsistent classifier, listeners quickly directed their eye gaze away from the 
originally predictable object and immediately onto the (initially) unpredictable but contextually 
suitable object (Fig. 1). In Experiment 2 (ERP; n=31) we removed the aid of a restricted visual 
context and measured participants’ ERPs as they read the sentences for comprehension. In line 
with previous findings, we observed a clear predictability effect on the N400 at the noun in the 
general classifier conditions (Fig. 2), and prediction-consistent classifiers also elicited a smaller 
N400 than prediction-inconsistent classifiers (Fig. 3). Crucially, the unpredictable noun elicited a 
reduced N400 when it was preceded by an informative (specific) classifier relative to an 
uninformative (general) classifier (Fig. 4), and it elicited only a late frontal positivity (no N400 
effect) relative to the predictable noun, suggesting that comprehenders were able to access the 
(initially) unpredictable noun as easily as the predictable noun. Taken together, these findings 
suggest that, even without the help of a restrictive visual context, comprehenders are able to 
use a prediction-inconsistent specific classifier to revise their disconfirmed predictions and pre-
activate a contextually suitable (albeit originally unpredictable) noun very quickly.  
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Figure 1. Average proportion of looks to the target object time-locked to classifier onset in Experiment 1. 
 

	
Figure 2. Left: Average ERPs in the general classifier conditions with a pre-classifier baseline in Experiment 2. 
Time zero marks the classifier onset; noun onset is at 1200ms. Right: Topographic distribution of the ERP effects 
(unpredictable minus predictable) 300-500ms after noun onset. 
	

 
Figure 3. Left: Average ERPs in the specific classifier conditions with a pre-classifier baseline in Experiment 2. 
Time zero marks the classifier onset; noun onset is at 1200ms. Right: Topographic distribution of the ERP effects 
(unpredictable minus predictable) 300-500ms after classifier onset and 500-900ms after noun onset. 
	

 
Figure 4. Left: Average ERPs at the unpredictable nouns with a pre-noun baseline in Experiment 2. Noun onset is at 
1200ms. Right: Topographic distribution of the ERP effects (general minus specific) 300-500ms after noun onset. 



Processing of number agreement in the L2: An eye-tracking study 
Hilal Serin Demirler & Nazik Dinçtopal Deniz (Boğaziçi University) 
hilalsrn@gmail.com  
In sentences with a complex subject (e.g., the key(s) to the cabinet(s)) number mismatch 
between the local noun (the cabinet(s)) and the head noun (the key(s)) results in errors in 
production and in slow-down in processing of the verb, especially when the local noun is plural, 
for both first language (L1) speakers (Bock & Miller, 1991; Franck et. al., 2002) and second 
language (L2) speakers (Jiang, 2004; Foote, 2011). This study, with Turkish learners of English, 
investigated whether the mismatching intervening noun that is syntactically closer to the head 
noun (Vigliocco & Nicol, 1998) or the mismatching intervening noun linearly closer to the verb 
(Quirk et al., 1972) affected processing subject-verb number (S-V) agreement in the L2.  
Method: Two eye-tracking experiments (Expts 1, 2) and a pen-and-paper gap-fill sentence 
completion task (Expt 3) were performed. The experimental sentences were declarative where 
the subjects were complex NPs made of a head noun and two post modifying PPs. The head 
noun was singular in Expt 1 and plural in Expt 2. The number feature of the middle noun (N2) 
and the local noun (N3) was manipulated, creating four conditions in all experiments (see Table 
1 for details). In Expt 2, the singular nouns were modified by the numeral one to make them 
marked (Eberhard, 1997) and to test the effect of lexical cues in processing S-V agreement. 
Expt 3 had the same complex subjects as in Expts 1 and 2 but with gaps in the copula be 
position to be filled in. The participants (95 in total) had advanced proficiency in their L2. 48 
participants took part in Expt 1; 47 of them participated in Expt 2. All participated in Expt 3. 
Results: In Expts 1&2 six standard eye-tracking measures (first fixation, gaze (first-pass, in spill-
over), regression path, re-reading and total duration and the probability of regression out) were 
entered into a mixed-effects linear/logistic regression analysis for the critical region (9th word, 
the verb) and spill-over region (two words following the verb). In both experiments, no mismatch 
conditions (SSS and PPP) were the baseline and the other three conditions were compared to 
them. In Expt 1, participants showed sensitivity to the mismatches (MMs) associated with the 
linearly closer noun (N3 MM) for three measures (total duration (marginal significance) and 
rereading duration t’s > 1.91, p’s ≤ .05, probability of regression out z = 2.47, p < .05) in the 
critical region and for one measure (first-pass reading time t = 2.19, p <.05) in the spill-over 
region. In Expt 2, participants showed sensitivity to the mismatches with the linearly closer noun 
(N3 MM, first fixation and gaze duration measures, t’s > 2.35, p < .05), the syntactically closer 
noun (N2 MM, gaze duration, t = 1.99, p < .05) and to the mismatches with both (Total MM, for 
five measures excluding rereading duration, t’s > 2.01, p’s < .05, z = 1.98, p < .05) in the critical 
region; they showed sensitivity to N3 MM (regression path duration, t = 2.15, p < .05) in the spill-
over region (see Table 2 for mean values and standard errors). In Expt 3, participants completed 
the sentences correctly 98.6% of the time ensuring that the Turkish speakers of L2 English had 
the knowledge of S-V agreement for these structures.  
Conclusion: The results show that when there are no lexical cues to mark the number feature 
(Expt 1), Turkish learners of English are sensitive to linear distance in processing S-V 
agreement, unlike native speakers who were reported to be sensitive to syntactic distance for 
similar constructions (Franck et. al., 2002; Pearlmutter, 2000). This may be because L2 learners 
are more prone to interference during memory retrieval compared to native speakers (Cunnings, 
2017).  But when provided with lexical information (i.e., one in Expt 2), making the number 
feature of the mismatching noun marked (Eberhard, 1997), they show sensitivity to both linear 
and syntactic distance, suggesting that L2 speakers can do complex syntactic processing, 
similar to native speakers, when semantic cues are present (Cunnings, 2017). Their enhanced 
sensitivity to lexical cues confirms previous findings on L2 speakers’ increased reliance on 
lexicosemantic and discourse-related information compared to L1 speakers (Felser, et al., 2003). 
Given previous findings on mismatch asymmetry (e.g., Bock, 1995) the results of Expt 2 are 
unlikely to be due to the mismatch between the plural head and the singular distractors. 
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Table 1: Examples of experimental items (S: singular, P: plural, MM: number mismatch between 
one of the intervening nouns and the head noun)  
Example items in Experiment 1 Example items in Experiment 2 
SSS, No MM: The daughter of the author of 
the book was pleased with the Nobel Prize. 
SPS, N2 MM: The daughter of the authors 
of the book was pleased with the Nobel 
Prize. 
SSP, N3 MM: The daughter of the author of 
the books was pleased with the Nobel Prize. 
SPP, Total MM: The daughter of the 
authors of the books was pleased with the 
Nobel Prize. 

PPP, No MM: The boys with the posters of the 
actresses were happy in the movie premiere. 
PSP, N2 MM: The boys with one poster of the 
actresses were happy in the movie premiere. 
PPS, N3 MM: The boys with the posters of one 
actress were happy in the movie premiere. 
PSS, Total MM: The boys with one poster of 
one actress were happy in the movie premiere. 

Table 2: Mean values for four conditions with standard errors in parentheses for six standard 
eye-tracking measures in Experiment 1 & Experiment 2 (Expt: Experiment; CR: Critical Region, 
SR: Spill-over Region; Tot: Total)  
  Expt 1  Expt 2  
  CR SR CR SR 
  Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
First Fixation 
Duration 
(ms.) 

No MM 221 (6.51) 230 (5.27) 217 (4.85) 235 (4.71) 
N2 MM 214 (6.62) 232 (5.51) 227 (5.86) 233 (4.44) 
N3 MM 227 (6.66) 233 (6.19) 232 (5.7) 241 (5.38) 
Tot MM 207 (5.84) 226 (4.82) 235 (5.9) 231 (4.88) 

Gaze /First 
pass 
Duration 
(ms.) 

No MM 224 (6.56) 285 (9.12) 226 (5.3) 282 (7.54) 
N2 MM 217 (6.83) 303 (10.1) 248 (8) 286 (8.3) 
N3 MM 239 (7.64) 307 (10.1) 253 (8.4) 301 (9.42) 
Tot MM 212 (6.09) 292 (8.86) 249 (6.93) 285 (8.86) 

Regression 
Path 
Duration 
(ms.) 

No MM 274 (24.4) 348 (23.2) 266 (21.3) 308 (14.6) 
N2 MM 266 (17.5) 359 (22.5) 300 (25.1) 309 (21.8) 
N3 MM 316 (23.4) 331 (13.4) 303 (21.4) 357 (21) 
Tot MM 252 (14.2) 340 (17.3) 340 (32.6) 321 (16.3) 

Rereading 
Duration 
(ms.) 

No MM 56.8 (11.9) 156 (16.6) 87.9 (12.7) 126 (14) 
N2 MM 74.6 (14.4) 178 (20.7) 91.1 (14.1) 141 (15.9) 
N3 MM 105 (16.9) 162 (20) 79.1 (13.1) 149 (16) 
Tot MM 66.8 (13.8) 146 (16.1) 103 (13.2) 137 (13.6) 

Total 
Duration 
(ms.) 

No MM 274 (11.5) 443 (18.5) 307 (11.8) 390 (13.7) 
N2 MM 299 (13.9) 460(21.1) 313 (12) 386 (12.6) 
N3 MM 312 (14) 441 (17.9) 320 (11.9) 401 (13.9) 
Tot MM 264 (11.9) 444 (19.3) 347 (13) 407 (14.6) 

Probability of 
Regression 
Out (ms.) 

No MM .057 (.023) .076 (.019) .045 (.017) .0463 (.013) 
N2 MM .113 (.03) .065 (.017) .077 (.021) .0488 (.014) 
N3 MM .161 (.034) .088 (.02) .0802 (.022) .0702 (.016) 
Tot MM .080 (.027) .095 (.02) .103 (.023) .0751 (.017) 

 

http://www.elsevier.com/wps/find/journaldescription.cws_home/622888/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/622888/description#description


Predictive processing is affected by linguistic complexity of cue-preceding input 
Johannes Gerwien (Heidelberg University), Yuxia Wang, & Fuyun Wu (Shanghai Jiaotong 
University)  
gerwien@idf.uni-heidelberg.de 
 
Few previous studies have explored in how far prediction, as reflected in anticipatory eye 
movements, can be affected by the cognitive demands imposed by syntactic, semantic, and 
pragmatic processing of linguistic input up to the point when the linguistic cue under 
investigation is perceived. In the current study, we first show this complexity effect on prediction 
in Mandarin Chinese, and then, explore how it may be utilized to study cognitive demands that 
the processing of different linguistic structures may require. As a test case, we compare subject 
extracted (SRC, Exp 1) and object extracted relative clauses (ORC, Exp 2) against simple 
coordinated noun phrases (CoorP), which - as we assume they are easiest to process - serve 
as a baseline in both experiments.  

For stimuli creation, we exploit the highly reliable Mandarin passive marker bèi in 
thematic role interpretation (cf. Li et al. 1993). This marker yields a patient-(bèi)-agent-verb 
structure, where bèi leads comprehenders to predict an animate referent following it. Importantly 
to note, our experimental manipulation concerned the internal structure of the complex phrase 
encoding the patient, preceding bèi. 18 sets of sentences were created, each consisting of an 
SRC, an ORC, and a coordinate phrase version of the same matrix sentence. All versions had 
the same basic word order: (N1-N2)-bei-N3-V, with N1, N2, N3 referring to animate referents, and 
N3 as the target (see examples). Every version of a set was combined with an identical visual 
stimulus, showing 4 objects corresponding to N1, N2, and N3 (target), plus one inanimate 
competitor object. To have a balanced design, inanimate referents were used as targets in filler 
stimuli (N=18). Here, instead of bèi, bǎ, a marker for an active resultative (N1-N2)-bǎ-N3-V 
structure was used. Comprehension questions had to be answered after every trial. In both 
experiments, the two versions under investigation (SRC vs. baseline, ORC vs. baseline) were 
counterbalanced across two experimental lists, which subjects were randomly assigned to.  

Our main focus is on the time course of the ratio of anticipatory (looks to referents not 
mentioned yet) and regressive eye movements (looks to referents already mentioned) between 
marker onset and a point in time shortly after target noun onset (N3), assuming this measure 
reflects the ‘readiness’ of the system to engage in predictive processing. Growth curve analysis 
(Mirman 2014) shows significant differences between conditions in Exp 1, indicating a delay of 
anticipatory eye movements in the SRC condition. No comparable results were obtained in 
Exp 2. The between-experiment comparison of eye data between the SRC and ORC condition 
confirm the results: anticipatory looks during/after the processing of bèi occur later in SRCs. 
This effect is due to a relatively higher probability of looks to N2-objects in the SRC condition 
(nouns perceived before the marker, head nouns in RCs), as well as a lower probability of looks 
to target and competitor objects (potential referents after the marker). 

Results suggests that predictive processing can be modulated by the cognitive 
resources available (in line with Ito et al. 2017), with structures that are harder to process 
allowing to invest fewer resources into prediction (Exp 1). The comparison of SRC and ORC 
structures in this spoken language comprehension study indicates differences, surfacing after 
the relativizer and the head noun have been perceived. Our approach introduces a new tool to 
study the details of incremental language processing.  
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Stimulus examples 

 
Example of visual stimulus: “N1”, “N2”, “Target N3”, “Competitor”; labels were not visible to subjects 

 
 
condition Audio stimulus 
Baseline �������	������
�� 

that CL student and that CL teacher BEI headmaster scold ASP very long. 
“That student and that teacher were scolded by the headmaster for a long time.” 

SRC �������	������
�� 
insult student REL that CL teacher BEI headmaster scold ASP very long. 
“That teacher, that the student insulted, was scolded by the headmaster for a long time” 

ORC �������	������
�� 
Student insult REL that CL teacher BEI headmaster scold ASP very long. 
“The student, that that teacher insulted, was scolded by the headmaster for a long time” 

Comprehension 
question  

�����	��� 
Headmaster scold teacher Asp. QU-PART ? 
“Did the headmaster scold the teacher?” 

Examples of audio stimuli in the critical conditions; baseline vs. SRC in Experiment 1, baseline vs. ORC in  
Experiment 2 (CL=classifier, ASP=aspect marker, REL=relativizer, QU-PART= question particle); comprehension 

questions followed every trial 
 
 
Eye tracking data  

 
Fixation proportions over time: anticipatory vs. 

regressive in Exp 1 

 
Fixation proportions over time: anticipatory vs.  

regressive in Exp 2 



Strategies of GAP avoidance in Romance 
Francesca Foppolo (UNIMIB), Ingrid Konrad (Paris Diderot), Caterina Donati (Paris Diderot), 
Massimo Burattin (UNIMIB), Adrian Staub (UMASS) and Carlo Cecchetto (UNIMIB-CNRSVIII) 
francesca.foppolo@unimib.it 

 
Filler-gap dependencies have been a central topic in sentence processing research. These 

involve the movement of an element (the filler) from a location at which it receives its thematic 
role (the gap), and in which a trace remains. Most previous psycholinguistic research investigated 
the active search of a gap once a filler has been identified (this is known as the Active Filler Hp). 
A different experimental question with respect to filler-gap dependencies refers to the first clause 
of the Minimal Chain Principle (De Vincenzi, 1991), which states that filler-gap dependencies 
should not be posited except when necessary. 

In a recent study, Staub, Foppolo, Donati and Cecchetto (2018) provided evidence that 
structural principles guide the processing of filler-gap dependencies. One limitation of this study 
was the fact that the structures tested differed for the attachment site of the disambiguating clause 
(complement vs. adjunct) thus their results could be interpreted in terms of the Minimal 
Attachment principle (Clifton & Frazier, 1989) or consistently with the first clause of the MCP. To 
further test the first clause of the Minimal Chain Principle, we extended this line of research by 
investigating two temporarily ambiguous structures in Italian and in French that only differ with 
respect to the presence/absence of the filler-gap dependency.  

In Italian, we investigated sentences with che corresponding either to a that in a declarative 
complement clause (DC) or to a what in an indirect question (IQ), as in (1). In French, we 
investigated a similar ambiguous construction (à ce que) that can correspond to a DC or a Free 
Relative (FR), as in (2): 

 

(1) a. Ho capito che fare gli esami è difficile [I understood that taking exams is difficult, DC] 
     b. Ho capito che fare _ agli esami difficili [I understood what to do __ at difficult exams, IQ] 
     c. Ho chiesto che fare _ agli esami difficili [I asked what to do  __ at difficult exams, IQ] 
 

(2) a. Léo tient à ce que sa soeur offre un cadeau à leur mère. 
  [L. cares that his sister offers a present to their mother, DC] 
     b. Léo tient à ce que sa soeur offre __ à leur mère. 
  [L. cares about what his sister offers __ to their mother, FR] 
     c. Léo apprécie ce que sa soeur offre __ à leur mère.  
  [L. appreciates what his sister offers __ to their mother, FR] 
 

In both languages, condition (a) is a declarative with no gap, (b) contains a gap but the verb 
allows a continuation with no gap, (c) contains a gap but the verb (+ che/ce que) is only compatible 
with a continuation with gap. We conducted two acceptability judgment studies with 67 adult 
Italian participants and 70 adult French participants, in which they had to rate (on a 7-point Likert 
scale for Italian and on a 10-point Likert scale for French) 24 test sentences, presented in one of 
the 3 conditions above (Table 1). Materials also included 24 fillers that ranged from being fully 
grammatical to fully ungrammatical. A significant difference across conditions was found (all 
ps<.01) in both languages. Pairwise comparisons showed a preference for (a) and (c) sentences 
over (b) sentences in Italian and for (a) and (c) sentences over (b) sentences in French, significant 
by subjects (all ps<.05) providing evidence for a difficulty in (b) when a continuation with no gap 
was possible. We further ran a self-paced reading experiment in Italian (N=50) and in French 
(N=32) using the same material and found a penalty in the disambiguating word (e.g. agli vs. gli) 
in (b) vs. (a) in Italian (Figure 1), and in (b) vs. (c) in French (Figure 2) after the embedded verb. 

We interpret our results as evidence for structural parsing strategies during sentence 
processing, in which a structure that does not involve a gap is preferred over one that does, 
providing further evidence for a strategy of gap avoidance.  
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Italian (scale 1-7) N=67 French (scale 1-10) N=70 
Condition Mean (SD) Condition Mean (SD) 

(a) 5.54 (0.91) (a) 6.53 (1.68) 
(b) 2.81 (1.16) (b) 5.95 (1.54) 
(c) 3.16 (1.21) (c) 7.93 (1.28) 

 
Table 1. Mean ratings across conditions and languages in the acceptability judgment studies.  
 
 

 
 
 

 
Figure 1. RTs in the self-paced reading study in Italian on the disambiguation region (disamb) in 
condition (b) in which a continuation with a gap is revealed (i.e. the word agli in (1b)) and for the 
regions immediately preceding and following it. Pre.disamb region corresponds to the 
disambiguation point in (c), when a continuation with a gap is revealed (eg., fare in (1c)).  

 
 

 
Figure 2. RTs in the self-paced reading study in French on the disambiguation region in condition 
(b) in which a continuation with a gap is revealed (i.e. at the words after the embedded verb, à 
leur mère in (2)) and for the regions preceding and following it. 

 



Degrees of prediction: Syntactic pressures generate stronger predictions than 
pragmatic considerations 
Maayan Keshev & Aya Meltzer-Asscher, Tel-Aviv University 

During sentence processing, comprehenders may actively form structural dependencies, not 
only as a tool for parsing the current input, but also as a reflection of predictions regarding 
upcoming material. Such predictions can be motivated by syntactic licensing of sentence 
structure, rapid semantic integration, or alignment with pragmatic considerations. Perhaps the 
most studied case of predictive dependency formation is the incremental processing of filler-
gap dependencies. It is well-known that in the processing of such sentences the parser 
actively predicts the resolution of the dependency (see Phillips & Wagers, 2007, for review). 
It has also been established that the parser commits to this preference, to the extent that when 
the actual input contradicts the prediction, processing is disrupted, as evidenced by the "filled-
gap" effect (e.g. Stowe, 1986). In the current study, we compare this (syntactically motivated) 
prediction with predictions motivated by pragmatic considerations. Specifically, we investigate 
NPs embedded in a Hebrew regarding-phrase (1), which constitute a discourse-prominent 
antecedent requiring future reference for pragmatic felicity (see Figure 1a for pre-tests which 
exhibit that).  

(1) We checked regarding the student whether the teachers persuaded him to leave.  

We test whether in these cases the parser predictively builds a co-referential dependency 
(with a pronoun), as in filler-gap dependencies. To do this, we utilize the two experimental 
paradigms most commonly used for detecting active dependency formation: the plausibility 
mismatch (e.g. Traxler & Pickering, 1996) and the filled-gap effect. In a 2 x 2 (plausibility x 
filler/regarding-phrase) self-paced reading (SPR) experiment (N=48, 32 sets) we observed a 
main effect of plausibility of the antecedent as complement to the verb (p = .017) with no 
interaction between the two factors (Figure 1b). This indicates the NP embedded in the 
regarding-phrase is considered as an object for the verb, reflecting some anticipation for a co-
referential pronoun at this position. However, in another SPR experiment (N=48, 20 sets), 
using the "filled-gap" design, in which the predicted-gap/pronoun position was occupied by a 
lexical NP, we found the "filled-gap effect" (disrupted processing at this NP), in filler-gap 
dependencies (p = .037), but not following regarding-phrases (Figure 1c). Namely, only in the 
former case, costs for a failed prediction are observed. This suggests that in regarding-
sentences, the comprehender does not commit to the prediction to the same extent as in filler-
gap dependencies.  

Discussion: In lexical prediction a distinction has been made between ease of integration 
due to partial overlapping activation, and predictive pre-activation of a specific word (which is 
also associated with costs in cases of prediction failure; Van Petten & Luka, 2012; Kuperberg 
& Jaeger, 2016). We take the results of the current study to suggest that a similar distinction 
arises in the syntactic level. Thus, a comprehender can engage in different degrees of 
structure prediction but would seldom go through all stages (predicting a co-referring element, 
projecting structure, and integrating the element semantically). As each processing stage 
takes resources and puts the parser at greater risk for a costly reanalysis, it seems likely that 
such processes would be saved for cases in which either predictability is exceptionally high or 
maintaining the structure in its incomplete form is very costly. We suggest that the choice of 
the degree of prediction is determined by linguistic licensing pressures. Therefore, while 
various motivations may give rise to a preference for co-reference, only syntactically-
motivated dependencies are predictively formed, while dependencies predicted based on 
pragmatic felicity do not propel predictive structure building. In addition, the study provides 
evidence for a functional distinction between different measures of active dependency 
formation, previously taken to be mostly interchangeable.  
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Figure 1. Results of the reported experiments. A: Mean acceptability ratings in two pretests 
that test the preference for coreference following regarding-phrases. B: Mean RTs at the verb 
in the plausibility experiment. C: Mean RTs at the "filed-gap" NP in the "filed-gap" experiment. 

* marks p<.05; *** marks p<.001; All error bars mark +/-SE. 
All statistical comparisons were conducted with a linear mixed-model regression.  

* 
n.s
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The interaction of image salience with language: how much is language driving eye-
movements in Visual World Paradigms? 

All visual world paradigms (VWPs) use drawings, cartoons, or photographs as referential 
context to test language processing mechanisms. While most researchers control for features 
that might draw attention due to visual features (color, contrast, size, spacing) other factors are 
less easily controlled (e.g. line orientations within the image). Further, by removing each of 
these features, experiments become less ecologically valid, destroying the vast variability found 
in real life that may lead to unexpected interactions. The goal of this work was to quantify how 
much eye-movement data can be explained by visual salience, and how much can be explained 
by language in a VWP. We accomplished this using a variant of the VWP and a Receiver 
Operating Characteristics (ROC) analysis. 

Thirty-six participants were given course credit to participate in this study. Three 
participants’ data were discarded due to inaccurate tracks and data loss. After a 9-point 
calibration procedure, participants were given headphones and told to listen and view images. 
They were told there may or may not be an auditory story, and it might come prior to or 
concurrent with the image. A diverse collection of 24 photographs, computer graphics, or 
illustrations that were different along a variety of dimensions were chosen to ensure the 
procedure and analysis were robust to image variability. 

Each audio clip was a short vignette of approximately the same length describing a third-
person experience of a fictional character related to the image (see Figure 1).  For the audio-
first condition, participants viewed a grey screen while listening to the audio stimulus, after 
which the image was immediately presented. All images for every condition were shown for 20 
seconds, with 5 seconds of a black screen between trials. Trial order was pseudorandomized 
and item x condition was counterbalanced across three lists. Data were raw eye-movement 
coordinates sampled at 60Hz with a Tobii X2 remote eye-tracker. While accuracy with this 
hardware cannot reliably capture the exact pixel at the center of a fixation, using various sizes 
for margin of error did not affect the pattern of results.  
 An ROC analysis begins with plotting the true positive rate against the false positive rate. 
The baseline/ground truth for the ROC analysis utilized algorithmically generated saliency maps 
(GBVS, Harel, Koch & Perona, 2007), where a continuous-value salience map is binarized at 
various thresholds from 0-1, creating maps with very few salient pixels to the maximum amount 
of salient pixels. If the eye gaze fell within range (20 pixels) of the pixel considered to be salient, 
it increased the true positive rate, while looks outside a salient region decreased the true 
positive rate. Thus, if all fixations were to salient regions (“perfect classification”), the area under 
the ROC curve would be 1, the absolute maximum. If fixations were randomly distributed, the 
ROC curve would be along the line of non-discrimination. For every trial, the ROC curve was 
computed, and then averaged by condition. The results showed a clear difference between no-
audio, audio-first, and audio-concurrent conditions (F(2,64)=5.5, p<.01, linear trend F(1,32)=9.2, 
p<.01). The area under the curve was highest for the audio-concurrent condition, second 
highest for the audio-first, and lowest for no audio (see Figure 2). 

Adaptations of this method and analysis could be utilized for any VWP study. This may 
allow for a much richer variety of images that would not need to be as constrained for color, 
contrast, and other salient features. Demonstrating that differences are not due to visual 
salience alone will be required for more visually complex VWPs. Instead of controlling for visual 
complexity and diminishing real-world variability, this method can disentangle the two and serve 
to corroborate and validate any differences found between various linguistic manipulations.  
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Figure 1 Example trial – Each image was used in every condition across participants, i.e. each 
participant saw each image only one time.  
 

 
Figure 2 ROC curves – The x-axis is the percent salient pixels from the saliency map, and the 
y-axis is the proportion of eye-movements that hit a region close enough to the salient region. 
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Availability-based production predicts speakers’ real-time choices of Mandarin classifiers
Meilin Zhan & Roger Levy (MIT)
meilinz@mit.edu

Speakers often face choices as to how to structure their intended message into an utterance.
When multiple options are available to express more or less the same meaning, what general
principles govern speaker choice? Here we investigate the influence of contextual predictability on
the encoding of linguistic content manifested by speaker choice in a classifier language.

In English, a numeral modifies a noun directly (e.g., three tables). In classifier languages such
as Mandarin Chinese, it is obligatory to use a classifier (CL) with the numeral and the noun (e.g.,
three CL.flat table, three CL.general table). While different nouns are compatible with different
specific classifiers, there is a general classifier “ge” (CL.general) that can be used with most nouns.
We focus on the alternation of using the general classifier versus a specific classifier with the
same noun where the options are nearly semantically equivalent. When the upcoming noun is
less predictable, the use of a specific classifier would reduce surprisal at the noun thus potentially
facilitating comprehension (predicted by Uniform Information Density (UID; Levy & Jaeger, 2007)).
But the use of that specific classifier may be dispreferred from a production standpoint if accessing
the general classifier requires less effort (predicted by Availability-Based Production (ABP; Bock,
1987; Ferreira & Dell, 2000)). We ask: 1) Does the general classifier require less effort to produce
compared to a specific classifier? 2) Does noun predictability affect classifier choice, and if so, in
which direction? Here we use a picture-naming experiment with noun predictability differences
arising from differences in noun frequency to investigate these questions.
Predictions:
P1. Time pressure: If producing the general classifier requires less effort than producing a specific
classifier, speakers would produce the general classifier more often when they are under time
pressure in real-time language production.
P2. Noun predictability: UID predicts that speakers choose a specific classifier more often
for lower-frequency nouns, which would be unpredictable if a general classifier were used. ABP
predicts that speakers choose the general classifier more often for lower-frequency nouns, because
accessing the appropriate specific classifier(s) involves accessing the noun lemma, and lemmas of
low-frequency nouns take longer and are harder to access.
Picture-Naming experiment: Mandarin-speaking participants were presented with scenes of
various countable object kinds such as cabbages and tables. In each scene, there were several
instances of the same object kind. Participants were asked to describe the number and the name
of the object in Mandarin, eliciting utterances such as “three CL apples”, which we recorded. In
the Quick condition, recording started 50 ms after the picture was shown, each trial ended after
5 seconds of recording, and the next trial began automatically. In the Slow condition, recording
started 3 seconds after the picture was shown, and participants clicked on the screen to move to
the next trial. To estimate noun predictability, we used log noun frequency from SogouW (Sogou,
2006), a word frequency dictionary for online texts in 2006.
Results & discussion: Our results (Fig.1) show that the lower frequency the noun, the more likely
the speaker is to use the general classifier (p < 0.001). This trend is consistent with previous
results from a corpus analysis investigating the role of noun predictability on classifier choice (Zhan
& Levy, 2018), and supports the Availability-Based Production account. Furthermore, speakers
tend to use the general classifier more often when they are under time pressure than when they
are not (Fig. 2, p < 0.05), suggesting that specific classifiers are slower than the general classifier
to access, and thus also supporting the Availability-Based Production account.
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classifier ge. Error bars are standard errors over by-participant means.
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Thematic fit and grammatical constraints in good enough parsing 
Jamie Linert and Dustin A. Chacón (University of Minnesota) 

liner004@umn.edu 
 

Debate regarding whether sentence processing primarily depends on sentences’ 
syntactic structure [1-2] or on semantic and lexical information [3-4] is ongoing. For example, [5] 
showed that participants fixated on images of police officers when they heard the word arrest, 
even though the agent role in the sentence was already filled. This suggests that the lexical 
information in arrest primed participants to look for associated nouns, regardless of whether the 
plausible position for that noun was already filled. This and other studies suggest that lexical 
information can influence syntactic constructions. However, the distinction between how lexical 
association and plausibility each affect sentence processing is under-explored. The current 
study takes a step towards filling that gap by investigating how lexical association and 
plausibility affect the processing of garden-path sentences. Our results indicate that plausibility 
and lexical association do not have distinct effects on sentence processing. 

We manipulated plausibility and lexical association using a garden-path structure in 
which a NP is temporarily interpreted as the direct object of the verb. The critical conditions 
contained either a NP that was a plausible theme of the verb (Plausible Theme), a NP that was 
an implausible but lexically associated theme (Plausible Instrument) or an implausible and 
lexically unrelated argument (Implausible Argument). Our control conditions contained a 
disambiguating comma so that the NP could not be interpreted as the direct object of the verb. If 
the processor distinguishes between lexical association and plausibility, then we predict a 
significant difference in reading times between the Plausible Instrument condition (While John 
hunted the rifle…) and the Implausible Argument condition (While John hunted the fireworks...).  

  

 

 Experiment. We conducted a word-by-word self-paced reading study, in which we 
manipulated ±Garden Path and Thematic Fit (Plausible Theme, Plausible Instrument, 
Implausible Argument: bear, rifle, fireworks). The –Garden Path sentences contained a 
disambiguating comma after the verb, whereas the +Garden Path sentences temporarily 
admitted an analysis in which the NP was interpreted as an argument of the verb hunted. Thirty 
of 36 planned participants read 36 sets of sentences and 90 fillers of varying complexity. Mixed 
effects models fit to the log residual time [6] were constructed at the critical noun region 
(bear/rifle/fireworks) and the spillover verb (made). We found a main effect of Garden Path (β = 
0.029±0.0076, t = 3.9, p < 0.01) and an interaction between Garden Path and Thematic Fit (β = 
0.024±0.011, t = 2.2, p = 0.03). Pairwise comparisons of each level of Thematic Fit within each 
level of Garden Path revealed no differences in the –Garden Path sentences (all ps > 0.50). 
But, in the +Garden Path sentences, Plausible Theme NPs were read faster than Implausible 
Argument NPs (β = 0.065±0.026, t-ratio = 2.5, p = 0.04), and marginally faster than Implausible 
Theme NPs (β = 0.055±0.026, t-ratio = 2.1, p = 0.10). There was no difference between the 
Implausible Theme NPs and Implausible Argument NPs (p = 0.92). We take this to suggest that 
though comprehenders are sensitive to the wellness of thematic fit, the processor does not 
significantly distinguish between lexical association and plausibility.  

  

 ±Garden Path Thematic Fit  

(1) While John hunted (,) 
the bear 
the rifle 

the fireworks 
made a very loud noise. 
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Figure 1. Mean log residual reading times by word and condition. 
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Conversational alignment and conversational fluency 

Julie E Boland (University of Michigan) 

jeboland@umich.edu 

Fluent conversation is a marvel of multi-tasking within the language domain: the listener must 
simultaneously comprehend the speaker, predict a turn transition point, and plan a response, yet turn 
transition time for English dyads averages just over 200ms (Levinson & Torreira, 2015). Despite the 
apparent demands on working memory and selective attention, Pickering and Garrod (2004, 2013) 
suggest that dialogue is actually easy, because it is facilitated by a collection of automatic cognitive 
operations when interlocutors are well-aligned (i.e., using the same words, phrases, and structures to 
discuss the same topics). We test three claims from this account (i) conversation makes minimal demands 
on central resources, (ii) alignment is necessary for fluent conversation, and (iii) lexical repetition 
between speakers is an essential component of the alignment advantage. We found partial support for (i) 
and (ii), but no support for (iii). 

In two experiments, participants casually conversed with an experimenter, while in some blocks 
simultaneously performing a working memory task at two levels of difficulty. Experiment 1 used a visuo-
spatial n-back for the secondary task and Experiment 2 used a visual letter n-back. In both experiments, 
there were measurable, but quite small, effects of the n-back on conversational fluency variables, such as 
turn transition time (Fig 1), turn length, speech rate, and disfluencies. The strongest predictor of 
conversational fluency, by far, in both experiments was turn type (question, answer, agree, comment), 
perhaps because of differences in how quickly participants could begin planning their responses and the 
degree of planning required (Fig 2). The robust turn-type effect suggests that the cognitive operations 
supporting utterance planning are not completely automatic. Across the two experiments, almost all 
conversations were well-aligned, using Latent Semantic Similarity (LSS, Landauer and Dumais, 1997) 
and Language Style Matching (LSM, Ireland and Pennebaker, 2010) as estimates of alignment. Despite 
strong overall alignment, there were some hints that degree of alignment influenced conversational 
fluency:  LSS was a significant predictor of speech rate in Experiments 1 and 2 and a marginal predictor 
of transition time in Experiment 2; LSM was a marginal predictor of turn length in Experiment 1. 

Because it was difficult to manipulate alignment in spontaneous conversation, Experiment 3 used 
a picture description paradigm to test the effects of two aspects of alignment (shared topic and shared 
vocabulary). Participants looked at a line drawing of a complex scene while listening to an auditory 
sentence, then described the image. In the Match condition, the auditory sentence was about the current 
image; in the Mismatch condition, an auditory sentence for a different image was substituted. A 
recognition probe encouraged attention to the auditory sentence. With training, participants learned to 
time their utterance to begin near the end of the auditory stimulus sentence, mimicking a conversational 
turn transition (descriptive statistics in Table 1).  As expected, fluency was higher in the Match condition, 
with shorter transition times and more succinct descriptions than in the Mismatch condition. In contrast, 
the more content words the participant repeated from the auditory stimulus sentence, the longer the 
transition time and the more wordy the image description (see Fig 3). Thus, a shared topic increased 
fluency, as predicted. But the topic alignment advantage did not come from the most obvious source--
direct lexical repetition of words in the auditory stimulus. Rather, the Match advantage in this paradigm 
must be due to more subtle phenomena, such as more accurate prediction of the end of the auditory 
stimulus, greater use of anaphoric expressions, and semantic priming. 
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Experiment 2 Results 

Figure 1. Transition times for spontaneous conversation 
between participant & experimenter: Participant times 
were slower in difficult 2back than in Conversation Only.   

 

 

Figure 2. Type of utterance was a strong predictor of 
transition time (bars) and utterance length (line), but they 
did not co-vary. E.g., comments tended to be long 
utterances, but had fast transition times. 

 
 

 
Experiment 3 Results 
Table 1. Grand Means (standard error) for transition time between auditory stimulus offset and 
participant utterance onset, number of words in participant's utterance, participant's speech rate, percent of 
utterances containing disfluencies, and number of words in the participant's utterance repeated from 
auditory stimulus from the same trial. 

 Transition Time # of Words Speech Rate Disfluent % #Repeated 

Match 515 ms (22) 10.01 (.17) 3.23 w/s (.04) 33 (2) 1.42 (.05) 

Mismatch 575 ms (25) 9.56 (.16) 3.15 w/s (.04) 33 (2) 0.12 (.02) 
 
Figure 3. When controlling for number of repeated words, Match utterances had shorter transition times 
and fewer words. The more repeated words, the longer transition time and utterance length. 
 



Do individual differences in fiction reading predict emotion recognition? 
Steven Schwering, Natalie Ghaffari-Nikou, Paula Niedenthal, Maryellen MacDonald (UW-Madison) 

schwering@wisc.edu 
Individual differences in (mostly) fiction reading have been associated with variation in 

cognitive-linguistic knowledge and skills, including vocabulary [1], syntactic structures [2], and 
school achievement [3]. A very different literature has explored whether fiction reading is linked 
to emotion recognition in facial expressions, empathy, and other nonlinguistic Theory of Mind 
tasks. In numerous Mechanical Turk studies, rates of fiction exposure (scores on the Author 
Recognition Test, ART [4]) predict emotion recognition scores [e.g. 5,6]. If true, this result may 
suggest “far transfer” from one form of learning to another, in that individual differences in a 
largely non-social event (reading) positively correlate with social skills (emotion recognition).   

Several concerns remain, however. First, attempts to find a causal link via manipulations of 
brief fiction exposure find no consequences for emotion recognition [e.g. 6]. Long-term reading 
may nonetheless be an important factor where short-term experience fails. Second, the ART-
emotion studies have an age confound, where older participants have both more exposure to 
fiction and more practice in emotion recognition, meaning that any causal relationship between 
reading and emotion recognition could be spurious. Establishing a true effect of fiction reading 
requires control of this confound. To investigate how fiction may improve emotion recognition 
and address conflicts in the literature, we a) conducted large-scale corpus analyses on how 
fiction, nonfiction, and spoken language convey emotion information, and b) examined the 
fiction reading-emotion link in an undergraduate sample with low age and education variability.  

Does emotion language differ by corpus genre? Emotion researchers distinguish simple 
emotions (e.g. joy, sadness) from complex emotions, which are thought to be mixed simple 
emotions (e.g., amusement, relief) [7]. We extracted the lemmas and surrounding sentence 
context of the 6 simple and 8 complex emotions identified by the Geneva Emotion Recognition 
Test (GERT) from the 600+ million-word COCA corpus [8]. The corpus was partitioned into 
fiction, spoken, and other (news, etc.) genres. Tokens were hand-coded as either emotive (e.g. 
a sob of relief) or not emotive (e.g. hurricane relief efforts) (inter-rater agreement .95 on subset). 
Rates of emotion word occurrences were comparable across genres, but emotive usage rates 
differed by emotion type and genre: Simple emotion words were used emotively in all genres, 
but complex emotion words were more frequently used in emotive senses in fiction than in the 
other two genres (Fig 1). These results indicate that written fiction provides rich information 
about complex emotions, which is less available in other genres. 

Does fiction experience predict emotion recognition? College-aged native speakers of 
English (n=134) completed the Geneva Emotion Recognition Test (GERT)[9] and the Author 
Recognition Test (ART). The GERT contains 42 short videos of actors expressing 6 simple and 
8 complex emotions; participants identify one of the 14 emotions for each clip. While mixed 
effects regression of ART score did not predict average emotion recognition, b=.09, X2(1)=1.53, 
p=.13, there was a reliable interaction between ART score and emotion type (simple/complex) 
in predicting correct recognition, b=.18, X2(1)=2.06, p=.04. ART was a stronger predictor of 
complex emotions (b = .19) than simple emotions (b = .00) (Fig 2). These results implicate long-
term fiction reading experience in complex emotion recognition.  

Together, these results suggest that long-term language exposure, and fiction exposure in 
particular, correlates with readers’ skill in identifying complex human emotions in videos. Corpus 
analyses lend a potential causal account to the ART prediction of GERT scores: specific 
language experience matters for behavior in domains outside of language use. Complex 
emotion comprehension is difficult [10], and fiction eases comprehension through category label 
exposure, elaboration, and examples in fiction. These results could advance reading 
interventions to develop theory of mind in at-risk populations. We will discuss ongoing work on 
how individual language experience may load onto semantic embeddings of emotion words, and 
how to manipulate long-term language exposure to modulate readers’ theory of mind. 
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Figure 1. Corpus analysis results. Taller blue bars indicate more use of emotive sense of 

words in a given genre. While simple emotions are almost always used in emotive senses in all 
corpus genres (left graph), complex emotion words (shown right) have a high occurrence of 
emotive uses in fiction but are mostly used in non-emotive senses in speech and non-fiction 
genres. 
 

 
Figure 2. Model predictions regressing emotion recognition on ART score; raw data plotted 

in background. ART score better predictor of complex emotion recognition than simple emotion 
recognition. 
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Do animated cues elicit similar patterns of pronoun comprehension as live cues? 
Valerie J. Langlois, Sandra A. Zerkle & Jennifer E. Arnold (UNC Chapel Hill) 
valeriel@live.unc.edu 

Pronoun comprehension is influenced by both social and syntactic cues, as well as 
individual differences (Arnold 1998, 2001; Arnold et al., 2018). For example, Nappa and Arnold 
(2014) showed videos of a woman telling stories like Panda Bear is having lunch with Puppy. 
He wants a pepperoni slice. Adults tended to assign the pronoun to the subject character, 
Panda Bear, but this effect was stronger when the speaker gazed or pointed at Panda, and 
weaker when she gazed or pointed at Puppy. Furthermore, the subject bias is stronger for 
listeners with higher print exposure, as measured by performance on the Author Recognition 
Task (ART; Arnold et al., 2018). This work establishes the importance of gesture with a live 
human actor (see also Goodrich Smith & Hudson Kam, 2012). An important methodological 
question is whether we can replicate this effect using an animated speaker. If so, this would 
allow for greater control over the stimulus while providing a platform for testing other effects on 
pronoun comprehension, such as individual differences. We expect an animated talker to elicit 
the same effects as a live talker, but one concern is that animated social cues may be seen as 
more intentional, and have a stronger effect. Thus, our project has two goals: 1) test the effects 
of both gazing (Exp1a & b) and pointing (Exp2) on pronoun comprehension with an animated 
speaker, and 2) systematically test a range of individual differences on pronoun comprehension: 
print exposure, working memory, socioeconomic status (SES), and SAT scores.  

Pronoun task: Our video pronoun comprehension task followed the same structure as 
Nappa and Arnold’s, but with stories about humans (Ana, Liz, Matt, Will), e.g. Ana is cleaning up 
with Liz. She needs the broom. In each trial, the animated speaker sat at a table in front of 
pictures of each character and a related object, e.g. a broom (Fig1). We manipulated the 
speaker’s gazes (Exp1) and points (Exp2) in 3 conditions, with gazes/points to the subject, 
nonsubject, or the neutral middle picture. Points and gazes occurred at the onset of the 
ambiguous pronoun. All fillers used points. Participants answered a question that revealed their 
pronoun comprehension (e.g. Who needs the broom?), reported here as % of selecting the 
subject character.  

Exp1 tested gazing. Exp1a was a pilot study with 6 critical items, 5 fillers and 24 
participants. Exp1b extended 1a to 24 critical trials, 24 fillers, and 60 participants. Exp2 tested 
pointing with 24 critical trials, 24 fillers, and 60 participants. 

Individual difference measures. Working memory was measured using the operation 
span, rotation span, and symmetry span, which all load onto working memory capacity (Foster 
et al., 2015). The partial scores for each task were standardized and summed together to form a 
composite measure. The ART served as a measure of print exposure (Stanovich & West, 1989), 
where participants were shown a list of real and fake authors, and were asked to indicate which 
ones they recognized as real. Measures of SES and SAT scores were also collected.  

Results: Critically, we found strong effects of gazing and pointing, replicating previous 
findings. However, compared with previous work (Arnold et al., 2018; Nappa & Arnold, 2014), 
the effect of gaze was stronger with the animated speaker, with only 31% subject responses in 
the gaze-to-nonsubject condition (2b; Exp1b, p < .01), compared to ~50% with a live speaker, 
and only 4% subject responses in the point-to-nonsubject condition (2c; Exp2, p < .01), 
compared with ~10% with a live speaker. We replicated the effect of print exposure in Exp1a, 
where people with high ART scores had a stronger subject bias (3a, p = .03), but surprisingly 
did not replicate it in Exp1b (3b). Furthermore, we did not find an effect of print exposure in 
Exp2. The other individual difference measures did not predict pronoun comprehension.  

Conclusions: Animated stimuli can be used to test the effects of social cues on reference 
comprehension, although animation strengthens social-cue effects. In contrast to previous work, 
print exposure had irregular effects in the gaze experiments; perhaps awareness of the social 
cues in Exp1b and 2 disrupted other individual biases.
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Figure 1: Example of a trial with the speaker gazing (top) or pointing (bottom). 
 
               2a 2b 2c 

 
Fig. 2: Effect of gaze. Error bars represent -/+ SE around the mean. 
 
 

 
          3a. Exp1a: Main effect of ART 3b. Exp1b: no ART effect 3c. Exp2: no ART effect 
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Effects of Emotional Speaker Face- and Event-Sentence Mismatches on  
Sentence Processing: An Event-Related Brain Potential Study 

Katja Münster (Humboldt-Universität zu Berlin), Johanna Kissler (Bielefeld University)  
& Pia Knoeferle (Humboldt-Universität zu Berlin, Einstein Center for Cognitive Neuroscience, 

Berlin School of Mind and Brain) 
Katja.muenster@hu-berlin.de 

 
In communication, many non-linguistic cues could enrich language processing, among them a 
speaker’s emotional facial expression, and events (e.g., a woman in pain). Both can (mis)match 
in emotional valence / reference with what a speaker is about to say. In principle, rapidly 
integrated, matching cues could elicit facilitation and mismatching ones processing difficulty for a 
comprehender. Using ERPs, we investigated how real-time language processing is affected by a 
speaker’s matching vs. mismatching emotionally-valenced facial expressions / event-sentence 
mismatches. Previous eye-tracking research (Carminati & Knoeferle, 2013) has reported that 
negative emotional event photo-sentence processing can be facilitated by an emotionally 
congruent speaker prime face. This suggests rapid integration of the speaker’s emotional face 
with the sentence. We used ERPs to test these findings: (i) Do people integrate a speaker’s face 
emotion with the valence of event-sentence pairs on the fly? (ii) Would emotional event-sentence 
congruence effects resemble referential event-sentence congruence effects? 

In an EEG experiment (Figure 1), young German adults (N=25, female=12) first inspected the 
face of a speaker and listened to the beginning of a spoken German sentence [1]. The face was 
either emotionally positive or negative. Next, participants saw an emotionally positive or negative 
IAPS (International Affective Picture System) event photo and heard the sentence continuation1. 
Starting from NP1, the sentence content matched (vs. mismatched) the photo. If we replicate and 
extend the eye-tracking findings, ERP deviations between emotionally congruent (negative) 
speaker face-photo-sentence and emotionally incongruent (positive) speaker face (negative) 
photo-sentence trials should emerge. 

[1] Ich denke, dass die Blonde die Migräne leidend verflucht. 
lit. transl.: ‘I think that the blonde (NP1) the migraine (NP2) sufferingly (Adj/Adv) curses (Verb).’ 
ERP Results: Interestingly, in the NP1 N400 time window, mean amplitude negativities were 

significantly larger for negative (vs. positive) photos and for trials in which photo and NP1 content 
mismatched (vs. matched, Figure 2). This effect however only emerged when the event photo 
was negative and mismatched (vs. was positive & mismatched) the NP1.  Additionally, post 
adjective/adverb onset, when a positive (vs. negative) speaker face preceded negative event - 
sentence pairs, ERPs show significantly larger broadly distributed negative mean amplitudes in 
an earlier (250-400 ms) and a later (300-600 ms) time window (Figure 3).  

Discussion: The effects in the adjective/adverb region corroborate and extend previous eye-
tracking results, specifying how an emotional facial expression can rapidly impact real-time 
sentence processing. Assuming that an increase in negativity can be associated with processing 
difficulties, participants show more difficulties integrating a positive speaker face into negative 
photo-sentence pairs (vs. integrating negative faces into positive photo-sentences combinations). 
Assuming further that a decrease in negativity can be associated with facilitation, adults might 
show processing facilitation for neg. (vs. pos.) faces during emotional sentence processing. 
Interestingly, this effect seems reversed when an emotional event photo is integrated with the NP 
matching vs. mismatching photo content. Seeing a negative (vs. positive) photo increased 
processing difficulty when this event mismatched the noun phrase. Differences in emotional face 
and event photo processing during real-time sentence processing will be discussed. 
																																																								
1 Pictures and sentences were controlled for a number of psycholinguistic, emotional and visual measures, among 
others: valence, arousal, syllable/sentence length, visual saliency, number of people in the photo. NP1 was 
emotionally neutral and Adj/Adv and Verb conveyed the strongest emotional valence.  
 

norielleadricula
Text Box
Poster Session D: Sunday, 12:05 - 2:00 PM, 
Location: East & West End Rooms, #D29



 
 
 
 
 
 
 
 
 
 
Figure 1: Experimental procedure exemplifying a trial in which the speaker’s positive emotional 
prime face mismatches in valence with the event photo (negative) and the sentence (negative, 
the literal translation of the German sentence is presented). The NP1 of the sentence is 
emotionally neutral, the adjective/adverb and verb convey strong emotional valence. Participant 
task after sentence end: indicate via button-press if the sentence was positive or negative. Note: 
The IAPS photo has been substituted due to the 
database’s user agreements.  
 

 
Figure 2: 400-600 ms post NP1 onset, scalp topography of mean amplitude 
difference between negative event photo – positive sentence (i.e., NP1 
mismatch) and positive event photo – positive sentence (i.e., NP1 match) 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Adjective/adverb onset, significantly larger mean amplitudes for mismatching positive 
face – negative photo-sentence (red) vs. matching (black) negative speaker face – negative photo 
& sentence pairs (negative is plotted up). Note: The differences between the conditions starts 
early, this might result from overlapping activity from the preceding noun phrase (e.g., the 
migraine). This region has not been analyzed yet. Mean word onset times from photo presentation 
onset: NP1=0 ms, NP2=1376 ms, adverb/adjective=2808 ms, verb=3914 ms, mean range of 
pause between words: 196-251ms. 



Perceptual information from word n+2 does not affect the skipping of word n+1 
Michael G. Cutter (University of Edinburgh), Andrea E. Martin (Max Planck Institute for 

Psycholinguistics), & Patrick Sturt (University of Edinburgh) 
mcutter@ed.ac.uk 

During reading, visual information is simultaneously available from the fixated word, and several 
parafoveal words. Recent research has focussed upon the extent to which a parafoveal word is 
assessed in terms of its fit into the prior sentence structure [1,2], showing that a parafoval word 
that does not legally fit into the preceding sentence frame (e.g. surgeon in the admiral would not 
surgeon…) is skipped less than one that fits into the preceding sentence frame (e.g. confess 
instead of surgeon). A separate body of research has focused upon whether information is 
extracted from the word to the right of fixation (word n+1) and the word beyond this (word n+2) 
[3], and whether information is extracted from each word simultaneously, or from each word one 
at a time in serial order[4,5]. One issue which is not often addressed in this debate is how visual 
information available from one word may affect the processing of other words in the perceptual 
span if these words are processed in parallel [6]. We investigated this issue, by examining 
whether salient visual information from word n+2 in the parafovea affects the skipping of word 
n+1, when this information affects word n+1’s fit into the sentence frame. Specifically, we take 
advantage of the phonological convention in English for the form of the indefinite article an/a to 
be determined by whether the following word starts with a vowel or consonant sound. 
We tracked the eye movements of sixty participants reading thirty sentences containing the 
indefinite article an followed by a proper noun (e.g. African), giving us ~900 observations per 
condition. We used proper nouns, because the initial capital maximizes the salience of the 
information affecting whether an is the correct form of the indefinite article. The boundary 
paradigm [7] was used to present participants with a correct preview of these words (e.g. an 
African) or a preview which violated the phonological conventions of English (e.g. an Russian; 
see Figure 1). As the eyes crossed an invisible boundary at the start of the space preceding an 
the preview always changed to the target word. We hypothesised that readers would spend less 
time fixated on the target noun given a correct as opposed to incorrect preview, in line with prior 
preview studies. More interestingly, we hypothesised that if readers rapidly extracted initial letter 
information from word n+2 while still processing word n+1, then it may have an effect on the 
skipping of an, due to this determining whether an is the correct form of the indefinite article. 
We examined the effect of our manipulation on several measures of eye movement control. We 
were primarily interested in determining whether our phonological violation affected the skipping 
of the indefinite article an. Bayesian linear mixed-models (see Figure 2 for model posteriors) 
suggested that the skipping of an was unaffected by whether participants were given a correct 
preview (skipping probability of 0.68) as opposed to a violation preview (SP of 0.69). However, 
there were effects in single fixation duration, gaze duration, and go-past time on the previewed 
noun, with fixations being shorter given a correct as opposed to incorrect preview, showing that 
readers were extracting information from the false preview while fixated prior to the boundary. 
Our findings offer no evidence that readers extract perceptual information from all words in the 
parafovea in parallel. In the current study, relatively low-level information from word n+2 (i.e. an 
initial letter indicating the word’s first phoneme)—which should have been extracted in the early 
stages of processing this word—may have been expected to alter the fit of an into the sentence. 
Despite this, the initial letter of the word n+2 preview had no effect on the skipping of an, unlike 
manipulations of how well a word fits the prior sentence context. Thus, assuming that syntactic 
fit affects skipping of an in the same way as verbs/nouns, our data suggests participants do not 
extract information from word n+2 prior to identifying word n+1. This was clearly not due to 
participants failing to extract information from word n+2, with clear effects of our preview 
manipulation on how long this word was fixated. Thus, we favour an account of our findings in 
which information is only extracted from word n+2 once word n+1 has been fully identified. 
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Figure 1. An example of one our sentences, presented using the boundary paradigm. The 
boundary was always located at the start of the space prior to an. Before the eye (represented 
by an asterisk) crossed this boundary there was either a correct preview of the noun following 
an (African) or an incorrect preview which violated the morpho-phonological conventions of 
English (Russian). As the eye crossed the boundary the preview changed to the target word. 

Figure 2. Posterior estimates of the preview effect from our Bayesian LMMs. Effect estimate is 
plotted on the x-axis in log space (reading time measures) or log-odds space (skipping), with 
probability density on the y-axis. The skipping data is for the article an, while the fixation time 
data is for the following proper noun. The median estimate is represented by the dark blue bar, 
and the 95% credible interval by the light blue shaded area. In skipping probability the median 
effect estimate of our preview manipulation was 0.07 (which translates to a skipping effect of 
1.5%); however, the 95% credible interval spreads from -0.18 to 0.32 (which translates to an 
effect between -4% and 7%) and contains 0, suggesting a lack of effect of our manipulation on 
this measure. In contrast, in the three fixation time measures an effect size of 0 is not contained 
in the 95% credible interval, suggesting that there is a reliable effect of our preview manipulation 
in these measures, with median effect estimates of 11ms, 16ms, 28ms in single fixation 
duration, gaze duration, and go-past time respectively.  
References [1] Brothers, T., & Traxler, M. J. (2016). JEP:LMC 42, 1894-1906. [2] Veldre, A., & 
Andrews, S. (2018). JM&L 100, 1-17. [3] Vasilev, M. R., & Angele, B. (2017). PB&R 24, 666-
689. [4] Reichle, E. D., Rayner, K., & Pollatsek, A. (2003). BBS 26, 445-476. [5] Engbert, R. et 
al. (2005). Psych. Review 112, 777-813. [6] Reichle, E. D. et al. (2009). TICS 13, 115-119. 
[7]Rayner, K. (1975). Cog. Psych. 7, 65-81. 



 

 

Both thematic role and next-mention biases affect pronoun use in Dutch 
Jorrig Vogels (University of Groningen) 
j.vogels@rug.nl 
 
Listeners’ expectations about what the speaker will mention next influence their interpretation of 
pronouns. An important question is whether speakers take such expectations into account when 
choosing whether to use a pronoun. A logical hypothesis would be that speakers use a pronoun 
when it refers to the person or object that the listener expects to be mentioned next. If the speaker 
instead wants to continue with a person or object that is less expected, she will signal this by 
choosing a more elaborate expression. This is exactly what certain accounts of reference 
production predict (e.g. Arnold, 2008). However, several researchers have found that the choice 
for a pronoun is not influenced by how predictable the referent is (Fukumura & Van Gompel, 2010; 
Rohde & Kehler, 2014). Recently, it has been argued that whether predictability plays a role in 
pronoun use depends on the verb in the preceding clause (Rosa & Arnold, 2017): Source-Goal 
verbs such as give create a stronger prediction that the second NP will be mentioned next than 
Stimulus-Experiencer verbs. However, such an account conflates predictability with thematic role 
(cf. Pickering & Majid, 2007; Kehler & Rohde, 2013).  

The aim of the present study is to disentangle predictability effects on pronoun use from 
thematic-role effects in Dutch, a language that offers more referential options than English, such 
as reduced and demonstrative pronouns. We conducted two web-based written continuation 
experiments, in which participants read a context sentence and typed a suitable continuation, 
starting with the connective vervolgens ‘subsequently’. In Experiment 1, participants (N=48) were 
free to continue the context sentences in any way they wanted. In Experiment 2, either the first or 
the second NP was underlined, and participants (N=52) had to start their continuation with this 
NP. There were no time constraints. The context sentences contained Source-Goal and Agent-
Patient verbs with an NP2 implicit-consequentiality bias (Commandeur, 2010; Koornneef & 
Sanders, 2013). We manipulated this bias such that it shifted to the NP1 in two ways: (1) by 
varying the social status of the referents (e.g. ‘The {boss/assistant} criticized the 
{assistant/boss}.’), which makes the lower-status referent more likely to be mentioned next (see 
Garvey et al., 1974); and (2) by inserting the adverb eerst ‘first’ (e.g. ‘The farmer’s wife called 
{right away/first} the midwife.’), which is predicted to create a strong expectation for a subject 
continuation, because it induces a parallel coherence relation (cf. Kehler et al., 2008). To control 
for grammatical function, we also created Goal-Source and passive Agent-Patient sentences. 

Experiment 1 confirmed that our manipulations reversed the next-mention bias of the verb 
(significant effects of social status and adverb, ps < .001). Experiment 2 showed that pronouns 
were more frequent for Goal than for Source referents, but only for non-subjects (non-significant 
interaction: p = .06; see Fig. 1, top), in line with Rosa and Arnold (2017). However, this trend was 
largely due to an increase in demonstrative pronouns, which in Dutch are canonically used for 
non-topical referents (Kaiser, 2011). This suggests that Goals are not as salient as subject 
referents, but salient enough to prevent a full NP reference. By contrast, we found effects of the 
next-mention bias only for personal pronouns, as well as on the use of reduced vs. full pronouns: 
When the referent was congruent with the bias, participants produced significantly more personal 
pronouns as well as more reduced forms compared to full forms, across subjects and non-
subjects, and across Goal-Source and Agent-Patient contexts (ps < .05; see Fig. 1, bottom).  

These results suggest that predictability, as measured by next-mention biases, plays a role in 
the choice for a personal pronoun in Dutch, irrespective of thematic role or grammatical function, 
while thematic role mainly affects demonstrative pronoun use. The preference to pronominalize 
Goals might therefore be partly due to their inherently higher salience, possibly because Goal 
non-subjects are often an obligatory verb argument (indirect object), whereas Source non-
subjects are mostly optional (Fukumura & Van Gompel, 2010). In sum, thematic role and 
predictability both seem to affect the choice of referring expression in Dutch, but in different ways.  
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Figure 1. Choice of referring expression in Experiment 2 by the referent’s thematic role and grammatical function 

(top), and by the referent’s congruency with the next-mention-bias manipulation, grammatical function, and verb type 
(bottom). 
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Aging effect in the processing of homonymy and polysemy in Korean sentence 
comprehension  

Hongoak Yun (Jeju National University), Sun Hyun Moon (Chungnam National University), Hyein 
Jeong (University of Potsdam) & Soo Rim Noh (Chungnam National University) 
oaktreepark@gmail.com 

 
Previous studies have explored the presence of individual differences in the resolution of 

lexical ambiguity as a function of readers’ working memory which might plays a role as storage 
capacity or inhibition controller. We extended this issue by comparing old readers to young readers 
in the processing of homonymy and that of polysemy. The type of ambiguous words was 
manipulated as homonymy in Examples (1-4) and polysemy in Examples (5-8). Prior to the 
occurrence of ambiguous words at W3, context information cued for the words to be interpreted 
as their dominant senses (1 & 5), subdominant ones (2 & 6), or both senses (3-4 & 7-8). The 
resolution of lexical ambiguity could be initiated from adverbs (W4) and was definitely completed 
at sentence-final verbs (W5). 102 Korean native speakers (51 old readers and 51 young readers) 
participated in the self-paced reading with a judgment task and their cognitive abilities were 
measured in Reading-span task (storage capacity) and Stroop task (inhibitory processes).  

We conducted a series of linear mixed-effect regression models on log-transformed RTs 
obtained from W3, W4, and W5 while subjects and items were set as random variables. At W3, 
we found significant effects of AGE (Young, Old) and Word Type (Homonymy, Polysemy) but no 
interactions, meaning that old readers took longer to read W3 than young readers regardless of 
word type (Estimate = -.29, S.E. = .03, t = -11.35) and that homonyms were read faster than 
polysemy regardless of age (Estimate = .06, S.E. = .01, t = 6.42). At W4, the effects of AGE 
(Estimate = -.28, S.E. = .02, t = -11.83) and Word Type (Estimate = .07, S.E. = .01, t = 5.86) were 
significant. The interaction was also significant (Estimate = -.03, S.E. = .01, t = -3.82), indicating 
that old readers, rather than young readers, took much longer RTs for adverbs following polysemy 
than for those following homonyms. Finally, at W5, we observed a significant three-way interaction 
among Word Type, Context, and AGE (Estimate = -.14, S.E. = .05, t = -2.52), indicating that RT 
differences between verbs in the neutral dominant condition than verbs in the neutral subdominant 
condition were larger in the processing of homonyms than polysemy only for young readers but 
RT differences across all conditions did not occur for old readers. Young readers’ behaviors, but 
not old readers, support the existing claim that the semantic representation for homonym is 
discrete but that for polysemy is unitary. Overall, our results indicate that old readers’ behaviors 
had severe difficulty in resolving lexical ambiguity. 

We also conducted another series of mixed-effect regression model in which AGE was 
replaced with cognitive capacities measured through Stroop and Reading-span tasks. The aim of 
these models was to detect which cognitive aspects of these measurements could account for the 
variances of RTs in a similar way that models of AGE have captured. The three-way interactions 
observed at W5 (AGE*Word Type*Context) were marginally significant when Stroop scores were 
used but not when Reading span scores were used. It is speculated that for successful resolution 
of lexical ambiguity, it might be important for readers to inhibit irrelevant senses and be safe from 
semantic interferences at W5 in which a specific sense should be selected over other possible 
senses. Having a larger storage might be less relevant to account for the readers’ behaviors for 
our study. In sum, our results show that the processing of ambiguous words was more modulated 
by how efficiently readers were able to inhibit irrelevant information rather than how good readers 
were able to store/manage information. Crucially, these results are characterized, in part, as the 
presence of aging effect.  
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Table 1. a set of example sentences  

Context 
Example sentences (for Homonymy condition) 

W1 W2 W3  
(ambiguous nouns) W4 W5 (Verb) 

(1) 
Dominant 
sense 

Geonchukga-ga 
Architect-NOM 

bokjabhan 
complex-ADJ 

gujo-reul 
structure-ACC 

jeongmilhage 
accurately-ADV 

Seolgyehaessda 
designed 

(2) 
Subdominant 
sense 

Piseogaek-i 
Vacationer-NOM 

Sinsokhan 
quick-ADJ 

gujo-reul 
rescue-ACC 

dageupi 
urgently-ADV 

Yocheonghaessda 
requested 

(3) 
Neutral 
dominant Minji-ga 

Minji-NOM 
eoryeoun 

difficult-ADJ 

gujo-reul 
structure 

or rescue-ACC 

jeongmilhage 
accurately-ADV 

Seolgyehaessda 
designed 

(4)  
Neutral 
Subdominant 

Yocheonghaessda 
requested 

 
Example sentences (for Polysemy condition) 

W1 W2 W3 (ambiguous 
nouns) W4 W5 (Verb) 

(5) 
Dominant 
sense 

Seunim-i 
Monk-NOM 

sangkwaehan 
fresh-ADJ 

achimeul 
morning-ACC 

Himchage 
vigorously-ADV 

Sijakaetda 
started 

(6) 
Subdominant 
sense 

Abeoj-iga 
Father-NOM 

pujimhan 
plentiful-ADJ 

achimeul 
breakfast-ACC 

Masitge 
deliciously-ADV 

meogeotda 
ate 

(7) 
Neutral 
Dominant Yeji-ga 

Yeji-NOM 
ireun 

early-ADJ 

achimeul 
morning 

or breakfast-ACC 

Himchage 
vigorously-ADV 

Sijakaetda 
started 

(8) 
Neutral 
Subdominant 

meogeotda 
ate 

Note. The condition of Context was manipulated depending on whether the contextual information 

from W1 and W2 cues for which sense the ambiguous word occurring at W3 should be interpreted. The 

contextual information in Examples (1) & (5) cues the ambiguous words to be interpreted as their 

dominant sense. In a same way, the contextual information in Examples (2) & (6) indicates for the words 

at W3 to have their subdominant senses. The contextual information in Examples (3-4) & (7-8) does not 

provide any prior hint which specific sense of the ambiguous word should be. Thus readers in this 

condition, so-called neutral context condition, are supposed to keep lexical ambiguity until the 

occurrence of verbs. At the verbs, the verb at the neutral dominant condition index the sense of the 

ambiguous word to be dominant, whereas the verb at the neutral subdominant condition reveal that 

the ambiguous word should be interpreted as their subdominant.    
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The processing of subject-predicate dependency in Japanese 
Saki Tsumura & Yuki Hirose (The University of Tokyo) 

stsumura25@g.ecc.u-tokyo.ac.jp 
In this study, three self-paced reading experiments were conducted to investigate what kind 

of encoding information affects the processing of subject-predicate dependency in Japanese. 
Previous studies on the processing of subject-predicate dependency in English nested structures 
showed locality effects. In Japanese, however, not all subject-predicate dependencies are 
sensitive to the distance between the two elements. For example, Nakatani (2009) showed that 
when the matrix subject contains a negative polarity item (NPI) in nested structures, the linear 
distance between the matrix subject and its predicate increases the cost of associating them, 
whereas when the matrix subject is a referential NP, there was no significant difference in the 
reading times at the matrix predicate. Both distant-sensitive and distant-insensitive cases were 
found in previous studies. However, it is still not clear what type of subject-predicate dependencies 
are subject to locality effects, so in the present study, we examined locality effects, using different 
types of matrix subjects.  

In Experiment 1, we used the sentences which include “dare-mo” (“wh+mo” ‘nobody’), or 
“dare-mo-ga” (“wh+mo+nominative case marker (NOM) ‘ga’ ” ‘everyone’), as in (1). Both phrases 
are universal quantifiers, and contain a wh phrase “dare” ‘who’. Also, “wh+mo” is an NPI, whereas 
“wh+mo+NOM” is not an NPI. The results showed that the reading times in distant condition were 
slower than local condition in both “wh+mo” and “wh+mo+NOM” conditions at the matrix predicate 
region (main effects of DISTANCE and SUBJECT-TYPE were significant; p <.01, p <.05). At the spill-
over region (next region of the matrix predicate), the interaction of DISTANCE and SUBJECT-TYPE 
was significant (p <.01), suggesting that “wh+mo” (NPI) cause more processing difficulty than 
“wh+mo+NOM” (non-NPI) as shown in Figure 1. The locality effects were also found in non-NPI 
condition, even though NPI phrase “wh+mo” needs to be licensed in the same clause whereas 
“wh+mo+NOM” phrase does not require licensing. This leads us to a question regarding the wh 
phrase, and in the following experiment, we investigated whether the locality effects found in 
Experiment 1 were the characteristics of wh-marked subjects in general.  

Experiment 2 was conducted to investigate whether the processing of subject-predicate 
dependency which has wh “dare” and a NOM ‘ga’ in matrix subject (“wh+mo+NOM”) differs from 
the processing of non-wh subject (“referential NP+NOM”), using the sentences like (2). The results 
showed that there was locality effects in both wh conditions and referential NP conditions at the 
matrix predicate region (only the main effect of DISTANCE was significant; p <.05, without an 
interaction with SUBJECT-TYPE) (Figure 2). Experiment 2 showed processing difficulties in the 
nested structures no matter whether the subject was a wh or a non-wh phrase. In this experiment, 
the matrix predicate, which is the critical region, was negative, and it might cause extra processing 
difficulty, so we conducted another experiment to confirm that this effect was found in the subject-
predicate dependency regardless of the predicate type.  

In Experiment 3, the matrix predicate was changed to negative predicate from affirmative 
predicate, as shown in (3). Statistical analysis revealed that only the main effect of DISTANCE was 
significant (p <.01), showing the locality effects in both wh conditions and non-wh (referential NP) 
conditions at the matrix predicate even when the matrix predicate is affirmative (Figure 3).  

To sum up, In Experiment 1, we showed the case where the greater processing difficulty 
occurred in the integration when the matrix subject was an NPI and contained a wh phrase in 
nested structures. The different results between NPI subject and non-NPI subject in the spill-over 
region may come from the different encoding information in the input (NPI vs. non-NPI). 
Experiments 2 and 3 showed that the locality effects were observed in nested structures, 
regardless of the wh states and of the predicate types. The results of the referential NP cases are 
not consistent with the previous studies (e.g., Nakatani, 2009). The apparent inconsistency may 
come from the fact that our stimuli contain the demonstrative “sono” ‘the’ in the embedded subject 
phrases. When the demonstrative is attached to a referential NP, the encoding information may 
differ from the bare referential NP phrases, which could result in less reactivation of the matrix 
subject at the embedded predicate, and lead locality effects at the matrix predicate. This will be a 
subject of future investigation. 
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(1) Experiment 1 
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Falling for the grammaticality illusion? Individual differences in the susceptibility to the
missing-VP effect in German

Katja Suckow (Göttingen University⇤), Jana Häussler (Bielefeld University) and Anke Holler (⇤)
katja.suckow@gmail.com

Investigations of sentence processing effects sometimes yield inconsistent results; e.g. observa-

tions of the missing-VP effect differ across and within languages. In part, such inconsistencies

relate to individual differences. We present an eye-tracking study that investigates individual pars-

ing strategies for reading complex sentences involving multiple center-embeddings.

In the experiment, 96 German native speakers read complex sentences as in Table 1. The sen-

tences involved center-embedding of three verb-final clauses resulting in a series of three verbs.

Grammatical sentences included all three verbs, ungrammatical sentences lacked either VP2 or

VP1. In addition, we varied the number specification of the highest embedded subject (NP1) and

the corresponding VP1 (both singular or both plural) to see whether number agreement marking

can facilitate the processing of complex sentences. In order to assess peoples parsing strategies

and a potential link to their individual reading capacity we collected participants’ thoughts about

the experiment in a post-experiment questionnaire. Furthermore, we assessed the reading span

level [3] for half of the participants. They read sentences and single words and named all single

words they could recall at the end of each block. The number of sentences varied from block to

block. Scores are computed by determining the proportion of correctly recalled words.

Based on answers in the questionnaire, we defined two groups for later analyses. Answers of

the first group (N=47) suggest that they noticed the incompleteness of ungrammatical sentences.

We therefore label this group “noticed”. Answers by the other group (“not noticed”) suggest that

they were unaware of incomplete sentences or unable to describe the problem. This group only

mentioned complexity, length and the like. Interestingly, the group difference is reflected in reading

times and correlates with reading span score. Participants in the “noticed”group achieved higher

reading span scores than participants in the “not-noticed” group (t = 2.07, p <.05), see Figure 2.

Analyses of the reading times show a main effect of Grammaticality but no main effect of

Number. Late measures (regression-path, total reading, rereading times) show prolonged reading

times for ungrammatical sentences (missing VP2 or VP1) compared to grammatical (=complete)

sentences on multiple interest areas. Including Group as a third factor reveals an interaction with

Grammaticality (longer reading times with ungrammaticals in “noticed” group) as well as a three-

way interaction with Grammaticality and Number (t = -2.05, p < .05).

While Number had no effect in the “not-noticed” group, it interacts with Grammaticality in the

“noticed” group. For this group, both types of ungrammatical sentences with a singular NP1 have

longer reading times than the grammatical conditions. For the plural conditions, in constrast,

the increase is restricted to the missing VP1 condition while there is no difference between the

grammatical and the missing VP2 condition (Figure 1). This interaction suggests that for plural

ungrammatical conditions, even readers who reported to have noticed the incompleness of some

sentences were likely to miss the ungrammaticality of the missing VP2 at least temporarily. How-

ever, they noticed the lack of VP1 for the plural and singular conditions.

Based on the findings we conclude: (i) Readers differ in their use of morpho-syntactic cues

such as number. (ii) Morphosyntactic cues can help to navigate memory demanding structures,

but they also make the parser susceptible to intrusion effects [5], here leading to a missing-VP2

effect in plural sentences. (iii) While there is a link between an individual’s reading span score and

their ability to keep track of structural dependencies, it remains open whether this is a permanent

feature of a person (grounded in memory capacity or reading ability/experience) or a situation-

dependent factor (attention, committment to the task, depth of reading).

norielleadricula
Text Box
Poster Session D: Sunday, 12:05 - 2:00 PM, 
Location: East & West End Rooms, #D34



Table 1: Structure and example of the experimental stimuli

Structure

[matrix clause [CP1 NP1sing/plu [CP2 NP2sing [CP3 NP3sing . . .VP3sing] (VP2sing)] (VP1sing/plu)] adv clause]

Example

Es wurde öffentlich, dass der/die Kellner, den/die ausgerechnet der Manager,

it became public that the.SG/PL waiter(s) who.SG/PL just the manager

bei dem das Geld gefunden wurde, (beleidigt hat), (geklagt hat/haben), nachdem

at who the money found was (insulted has) (litigated has/have) after

ein Zeuge aufgetaucht war

a witness appeared has

‘It became public that the waiter who only that manager with whom the money was found has insulted has litigated

after a witness had appeared.’

(Condition ‘missing-VP2’ lacked the material in red parentheses, condition ‘missing-VP1’ lacked the material in

violet parentheses.)

Figure 1. Rereading times in NP1 region (that the waiter/s) Figure 2. Comparison of

not noticed (left) and noticed (right) Reading Span Levels

Rereading times on NP1 (that the waiter/s)
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Do mandarin speakers think about time more vertically?: A revisit of Boroditsky (2001) 

with new findings 

Mingyu Yuan (The Chinese University of Hong Kong) 

zimine@link.cuhk.edu.hk 

 

How mandarin speakers conceptualize time? It is generally agreed that Mandarin speakers 

have two mental timelines (i.e., vertical and horizontal). As Boroditsky (2001) suggested, 

Mandarin speakers also have a vertical bias in the conceptualization of time due to the frequent 

use of vertical spatiotemporal metaphors. The present study further investigates this question 

with corpus-based analysis and a non-linguistic temporal sequence judgment task. Corpus 

analysis reveals that Mandarin speakers frequently use both horizontal and vertical expressions 

of time. But the spatial expressions of time are not biased to the vertical axis. Rather, both type 

and token frequencies of horizontal metaphors are higher than that of vertical ones, indicating 

that horizontal expressions of time are prevalent in Mandarin speakers’ daily communication 

(see table 1. for detailed results). Further, the frequent use of horizontal metaphors does not 

imply a horizontal bias in the conceptualization of time. 24 native Mandarin speakers were 

recruited to do a non-linguistic temporal sequence judgment task. In this task, two pictures 

describing the progression of an event were shuffled and presented for participants to judge the 

temporal sequence. Participants were required to judge the sequence of two pictures by 

pressing two keys either horizontally or vertically adjacent. Reaction time in the vertical session 

did slightly shorter than that in the horizontal session. Nevertheless, linear mixed-effects 

analysis showed that the difference between two sessions were not statistically significant, 

suggesting that there is no vertical bias as such (see table 2-3. for detailed results). Surprisingly, 

congruency effect was absent in both horizontal and vertical session, i.e., participants did not 

respond significantly faster when the layout of two keys were consistent with their left-to-right 

(horizontal) or top-to-bottom (vertical) writing direction. This study provides counter-evidence to 

Boroditsky (2001). Furthermore, the absence of congruency effect shows that incongruency did 

not result in significant interference, suggesting that the effect of writing direction may play a 

less significant role as predicated, at least in Mandarin speakers.  
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Table 1. Frequency of horizontal and vertical spatiotemporal metaphors in Centre for Chinese 
Linguistics Corpus.  

Spatiotemporal metaphor Token freq. Total freq. Pct.(%) 

Horizontal 
前 (qian2) – front 569,184 

1,119,252 78.91% 
后 (hou4) – back 550,068 

Vertical 
上 (shang4) – up 193,033 

299,110 21.09% 
下 (xia4) – down 106,077 

 
Table 2. Liner mixed-effects analysis of congruent trials. 

 
Table 3. Liner mixed-effects analysis of incongruent trials. 

 

Reference 

Boroditsky, L. (2001). Does language shape thought?: Mandarin and English speakers’ 

conceptions of time. Cognitive Psychology, 43(1), 1-22. 

 

Random effects 
 

Variance SD 

Trial  Intercept 0.004696 0.06852 

Participant Intercept 0.028844 0.16983 

Previous accuracy Intercept 0.004077 0.06385 

Residual 
 

0.104282 0.32293 

Fixed effects Estimate t-value Pr (>|t|) 

Intercept 7.55275 105.063 3.2e-12 *** 

Session (vertical) -0.06798 -0.905 0.375 

Random effects 
 

Variance SD 

Trial  Intercept 0.0014133 0.037593 

Participant Intercept 0.0503442 0.224375 

Previous accuracy Intercept 0.0000357 0.005975 

Residual 
 

0.1129115 0.336023 

Fixed effects Estimate t-value Pr (>|t|) 

Intercept 7.52927 109.5 <2e-16 *** 

Session (vertical) -0.13537 -1.4 0.174 



Antecedent retrieval during the processing of Dutch reciprocal pronouns  
Anna Giskes & Dave Kush, (NTNU Trondheim), anna.giskes@ntnu.no 
 
Local antecedent-anaphor dependencies (e.g. reflexives [1], and reciprocals [2,3]) do not seem 
as susceptible to interference effects as subject-verb agreement is [3,4]: The morphological 
features of structurally inaccessible ‘distractor’ NPs rarely affect processing of anaphors and 
occasional effects manifest in different directions across experiments. The absence of 
interference is surprising in cue-based parsing models, such as Lewis & Vasishth (2005), which 
predict partial-match interference should occur regardless of dependency type. A possible 
explanation for different interference profiles in previous studies is that target NPs of anaphors 
had a higher baseline activation than distractor NPs due to word order. In most studies, the 
critical anaphor immediately followed the verb, which induces reactivation of the target NP. SOV 
languages provide an opportunity to test this hypothesis, since the target NP, the distractor, and 
the anaphor can all occur pre-verbally. Kush & Phillips (2014) investigated antecedent retrieval 
for reciprocals in Hindi, an SOV language. They found no evidence for facilitative interference, 
though there was evidence of a small inhibitory effect from a matching distractor. However, the 
absence of clear interference effects may have arisen for two orthogonal reasons: First, 
distractors were deeply embedded, lowering their prominence below levels required for 
interference [6]. Second, the experiment had low statistical power. 
We sought to investigate reciprocal licensing in an SOV language using a design that improved 
upon the shortcomings of K&P (2014). To this end we conducted a self-paced reading 
experiment testing for interference during the processing of the Dutch reciprocal elkaar, which 
requires a local (Principle A, [8]), plural antecedent. In our items, the critical reciprocals were 
oblique arguments of three-place predicates. The factors Grammaticality and Distractor 
Number were manipulated through number-marking on two NPs preceding the reciprocal. 
Grammaticality was manipulated on the object of the main verb (the singer(s) in 1), which was 
the structurally accessible antecedent for the reciprocal. The intervening distractor NP (the 
fan(s)) was embedded as subject inside a RC attached to the object NP. This position can yield 
interference effects [1], and is more prominent than the distractor position in K&P’s items.  
Dutch V2 word order ensures that no main clause verb intervenes between antecedent, 
distractor, and reciprocal pronoun, eliminating the probability of selective reactivation of the 
grammatical target NP. Furthermore, distractors in subject RC position have been observed to 
yield interference effects [1], and they have higher prominence than the distractors in K&P’s 
materials, increasing the size of possible interference effects [6]. A possible concern is that the 
target NP is retrieved, and thereby reactivated, at the RC verb (applauded), even though it is not 
its subject. However, even when assuming this is the case, there is still no baseline advantage 
for the target NP, since the distractor NP is in any case also retrieved at the RC verb, being its 
subject. 
 
Results (N=45, 7 observations per participant per condition) Statistical analyses (linear mixed-
effect regression with maximal random effects) on log-transformed reading times (figure 1) 
reveal no significant effects in the reciprocal region. In the post-reciprocal region we observe a 
main effect of Grammaticality (t=2.96). We found no significant main effect of Dist. Number, nor 
a Grammaticality*Dist. Number interaction. These results suggest that the apparent immunity of 
reciprocal pronouns to interference effects cannot fully be ascribed to baseline activation 
differences induced by an intervening main clause verb. 

1.  Bart | had   | de zanger/s, | voor wie   |  de fan/s    | hartstochtelijk | had/hadden 
             Bart      hadSG    the singer/s,   for whom     the fan/s      passionately     hadSG/hadPL 
             | geapplaudisseerd, | gisteren    | aan elkaar     | voorgesteld | tijdens een | repetitie. 
               applauded,              yesterday    to each.other  introduced     during a       rehearsal. 
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Figure 1: Average region-by-region reading times for the pre-reciprocal region and subsequent 
regions. 
 
 
 
 
 
 
 



Computing complex events and beyond: ERP data on prediction with complex verbs 
Chia-Hsuan Liao & Ellen Lau (University of Maryland)   

cliao@umd.edu 
 How quickly can verb-argument relations be computed? How quickly can such relations 
impact predictions of a subsequent argument? Previous studies in English have shown that 
event knowledge encoded by a simple verb could effectively restrict predictions of a following 
argument [1]. However, in the simple verb case it is difficult to disentangle if predictions are 
driven by event structure per se or low-level semantic association. In the current study, we 
address this question by looking at complex verbs, where successful predictions depend on 
computing the argument structure and mapping the complex event to existing semantic memory 
representations. We take advantage of the substantial differences in verb-argument structure 
provided by Mandarin Chinese: Mandarin has compound verb constructions that can encode 
complex event relations, such as the resultative construction (Kid bit-broke lip, meaning that a 
kid bit his lip such that it broke) and the coordinate construction (Store owner hit-scolded 
employee, meaning that a store owner hit and scolded an employee). Using the N400 as a 
measure of lexical/conceptual pre-activation, we find evidence that prediction is specifically 
delayed at verbs instantiating the causality relation (breaking-BY-biting) relative to the 
coordinate relations (hitting-AND-scolding). Our finding adds to the literature that lexical 
predictions are not always fast; given limited cognitive resources, not all information from the 
context can be computed to update predictions in a timely manner.   
 Coordination and resultative complex verb formation in Mandarin is common and 
productive; while both involve a sequence of two verbs (V1-V2), they can usually be 
distinguished by the transitivity of V2. Here we created coordinate and resultative item sets in 
which an object noun was more predictable after the complex verb V1-V2 (e.g. bit-broke) than 
its corresponding simple V1 predicate (e.g. bit; an aspect marker was added to match number 
of characters). Offline ‘cloze’ completion norming resulted in item sets in which the target object 
noun cloze was 40% after the complex verb and only 10% after the simple verb (Table 1).  

In Experiment 1 (n=33), the target noun immediately followed the verb, with an 800ms 
SOA. Sentences were presented with RSVP, and the V1-V2 sequence was presented together 
on a single screen. Our hypotheses focused on the N400 response to the target noun. If 
computations at a complex verb are always rapid or are always costly, we would expect either a 
main effect of predictability on N400s or no effect of predictability on N400s across both 
coordinate and resultative sets. However, if predictions are specifically delayed by some aspect 
of the more complex causal V1-V2 relation in the resultative, we would expect a verb type by 
predictability interaction, with an N400 effect of predictability in the coordinate contrast but not 
the resultative. Results indeed showed a significant interaction, with an N400 effect in the 
coordinate set but not the resultative, indicating that prediction on the basis of the resultative 
takes more time (Figure 1).  

In Experiment 2 (n=38), we further investigated the timecourse of resultative 
computation to impact predictions. We added a one-word buffer between the verb and object 
noun by inserting a possessive/quantifier between them (Table 1). However, we slightly reduced 
the overall SOA to 600ms in order to reduce the length of the experiment; therefore altogether 
from Exp. 1 to Exp. 2 the delay from verb to noun onset increased from 800ms to 1200ms. With 
this additional 400ms of processing time, we now observed N400 effects in both sets of verbs 
(Figure 1).  
 Taken together, we show that complex event relations could impact predictions of a 
subsequent argument, but not every event relation can be computed in a timely manner. We 
propose several possible reasons for the slow down in resultative: (A) the computation of a 
resultative verb was more taxing and/or (B) memory search of a candidate that fits the 
resultative context requires longer amount of time. These possibilities can now be explored in 
future investigations.  
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Table 1: Example stimulus in each condition in Experiment 1 and in Experiment 2  
(averaged cloze probability in parenthesis) 

Condition Verb Sentence context Target Cloze 

Resultative sets 

Resultative V1-V2 
Xiaohai yao-po le  tade1 
The kid bit-broke le his 

zuichun 
lip High(39%) 

“The kid bit his lip such that his lip was broken.”  

Simple 
(Baseline of 
Resultative) 

V1-ASP 
Xiaohai yao-guo le tade 
The kid bit-ASP le his 

zuichun 
lip Low(9%) 

“The kid had bitten his lip” 

Coordinate sets 

Coordinate V1-V2 
Laobanniang da-ma le bushao 
The store owner hit-scolded le some 

yuangong 
employee High(38%) 

“The store owner hit and scolded the employee.” 

Simple 
(Baseline of 
Coordinate) 

V1-ASP 
Laobanninang da-guo le bushao 
The store owner hit-ASP le some 

yuangong 
employee Low(10%) 

“The store owner had hit the employee.” 

  Note1: The highlighted modifier (possessive/quantifier) was added in Experiment 2 
 

Experiment 1  

 

Experiment 2  

 
Figure 1 A & 1C:Grand average ERPs from the verb to object nouns at CZ; 1B & 1D: Topographic 
distribution of ERP effects in the 300-500 ms intervals at the noun (Left: R-Simple minus 
Resultative; Right: C-Simple minus Coordinate).  
Reference: [1] Kuperberg G,& Wlotko E.(2017).Poster presented at the 30th Annual CUNY Conference  
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Phonotactic markedness increases processing demands in speech production 
Canaan Breiss (University of California, Los Angeles) 
cbreiss@ucla.edu 
 
Background: Recent debate in speech production concerns phonological markedness, and 
whether it differs from within-language lexical statistics and articulatory complexity in its effect 
on speech production. While Romani et al. (2017) argue markedness is based entirely on 
articulatory complexity, others hold that the link between phonological markedness and 
articulatory complexity is tenuous at best in non-clinical populations (Ziegler 2017, Berent 2017) 
and that within-language distributional regularities (biphone probabilities, positional phoneme 
probabilities, phoneme frequencies) are better predictors of processing cost in speech 
production (Goldrick 2017, Pouplier & Kochetov 2017). This discussion raises important 
questions about the relationship between within-language lexical statistics and phonological 
markedness, and about the interface between phonological grammar and speech production. 
Current experiment: To probe what type of markedness, if any, influence processing in 
production, in this pilot study I examine phonotactic markedness, a type of phonological 
markedness which closely corresponds to language-specific segmental distributional 
regularities. Importantly, however, the two are not equivalent: some distributional regularities 
correspond to robust phonotactic acceptability judgements (ex., *keshsel, which violates 
English’s ban on adjacent sibilants) while others do not (ex., ✓luhallem, even though English 
lacks high back vocoids before h) (Hayes & White 2013). Thus, phonotactic violations allow us 
to probe if more abstract notions of markedness influence processing in speech production. 
Experimental design: Because phonotactic well-formedness is correlated with other measures 
that influence speeded response latencies (e.g., biphone and positional phoneme probabilities), 
I use a modified speeded production paradigm: participants read aloud ten pairs of “sentences,” 
each made up of four nonwords (ex., bosh, flerm, tib, zipe), with each pair-member having the 
same words in a different arrangement. One pair-member’s arrangement of nonwords creates 
phonotactic-violating sequences across each of the three word boundaries in the sentence, 
while the other does not. Three types of phonotactic violations were chosen from well-
established phonotactic restrictions of English: a ban on adjacent identical consonants, a ban on 
adjacent sibilants, and a gradient dispreference for consonant clusters. Thus, the four nonwords 
above appeared in a marked arrangement (tib bosh zipe flerm), with one violation each of the 
three phonotactic constraints in order, and an unmarked arrangement (flerm zipe bosh tib). This 
design holds lexical statistics of sentences constant across differently-arranged pairs, while 
manipulating just phonotactic markedness. If markedness impacts processing in production, 
participants should take longer to being speaking marked sentences, with a possible interaction 
with presentation order since the pilot has a repeated-measures design.  
Procedure: 30 participants were familiarized with each nonword individually, completed a 
distractor task, and then read each sentence unprepared as quickly as possible, without breaks 
or pauses. Response latencies (ms) for each complete utterance were inverse-normal 
transformed (Brysbaert & Stevens 2018) and modeled using hierarchical Bayesian regression.  
Results: I found a significant inhibitory effect of markedness (β = 0.78, 95% CI [0.07, 1.50]), 
and significant facilitatory interaction of markedness with order (β = -0.78, 95% CI [-1.33,  
-0.25]). I also found increased positional probability decreased response latency, as did 
increased phonological neighborhood density (Vitevitch 2002, Vitevitch et al 2005).  
Discussion: I find that violations of phonotactic markedness increase response latencies, 
above and beyond any confounds of lexical statistics, signaling increased processing demands. 
This effect is canceled by prior experience with the same syllables in an unmarked 
arrangement. This finding supports theories of speech production which allow for grammatical 
information to influence the course of phonological encoding (Goldrick 2011), a framework 
previously supported primarily using speech-error data. 
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Figure 1: Point estimates 
and 95% CIs for response 
latencies for marked and 
unmarked sentences, by 
presentation order for each 
subject. Response 
latencies for marked 
sentences seen before 
their unmarked pair-
members have significantly 
longer response latencies 
than marked items heard 
after their unmarked pair-
members, and significantly 
longer than unmarked 
sentences seen before 
their marked pair-member 
counterpart. 
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The role of case marking and word order in cross-linguistic priming  
Merel Muylle (Ghent University), Sarah Bernolet (University of Antwerp), & Robert Hartsuiker 
(Ghent University) 
merel.muylle@ugent.be 

 
Several studies found cross-linguistic priming of syntactic structures with a wide variety of 
language combinations. Arguably, this priming effect reflects the sharing of syntactic 
representations between prime and target language. However, most previous studies have tested 
etymologically related languages, thereby leaving it unclear how similar the languages need to be 
for such sharing to arise. Here, we investigated the role of two important domains of language 
variation: case marking and word order. We varied these language features in an artificial 
language (AL) learning paradigm, which enabled us to manipulate these language features while 
keeping constant all other factors that might influence structural priming across languages.  

A previous study used the same paradigm to investigate structural priming in spoken 
sentence production between a natural language (Dutch) and an AL (Muylle et al., in preparation). 
The AL – baptized “PP02” – consisted of intransitive, transitive, and ditransitive sentence 
structures. Crucially, the transitive and ditransitive sentences could be formulated respectively in 
two alternative ways: active vs. passive and double-object (DO) dative vs. prepositional-object 
(PO) dative. Native Dutch speakers (with English and French as L2) acquired the AL in the lab 
during five sessions by means of a battery of tasks. Each session ended with a sentence priming 
task, in which participants first evaluated whether a sentence matched an action (depicted in a 
movie clip), and then described a new movie clip with a sentence. Primes could be in Dutch or 
PP02, while target sentences could be in the same language or in the other language, involving 
the same action (i.e. related priming) or a different action (i.e. unrelated priming). There was 
structural priming between Dutch and PP02 in both directions already at the end of the first 
session, but only for the transitive sentences. Cross-linguistic priming of ditransitives emerged 
only from the third session on.  

The current study tested three versions of PP02 (Table 1): a) a baseline version with 
subject- verb-object (SVO) word order (i.e. similar morphological marking and word order as 
Dutch), b) a case marking version with SVO word order (i.e. different morphological marking, 
similar word order compared to Dutch), and c) a version with SOV word order (i.e. similar 
morphological marking, different word order compared to Dutch). This design enabled us to 
disentangle morphological marking from word order. A single learning session was administered 
in which 144 native speakers of Dutch were equally distributed across the three versions. The 
data were analyzed using generalized linear mixed effects models.  

The within-language and cross-linguistic priming effects were similar in all language 
versions for the transitive sentences (Figure 1), indicating that variations in morphological marking 
and word order do not necessarily prevent structural priming between languages. In contrast, for 
the ditransitive sentences (Figure 2) there were similar within-language priming effects for all 
versions, but none of them showed evidence for cross-linguistic priming. This is in line with the 
findings of our previous study and suggests that it is relatively time-consuming to develop shared 
representations of ditransitive structures across languages. A remarkable difference between the 
different versions is the absence of a PO-dative bias in the SOV targets (only 45% of the 
ditransitive responses), whereas this bias is very strong in Dutch and also transfers to the other 
PP02 versions (over 70% of the ditransitive responses). This suggests that a different word order 
might prevent the transfer of structural preferences from the native language to another language.  

Our findings are compatible with studies using cross-linguistic priming in natural 
languages with altering morphological systems or word order, such as English-Greek (case-
marking; Salamoura & Williams, 2007) and English-Korean (SOV; e.g., Hwang et al., 2018). 
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Table 1. Examples of transitives and ditransitives for each PP02 version. 
 Baseline Case marking SOV Translation 
active Dettus zwifsi fuipam 

 
Clown kisses cook 

Dettus zwifsi  
fuipamni 
Clown_NOM kisses 
cook_ACC 

Dettus fuipam zwifsi 
 
Clown cook kisses 

De clown kust de 
kok  

passive Fuipam nast zwifo ka 
dettus 
Cook is kissed by 
clown 

Fuipam nast zwifo 
dettuska 
Cook_NOM is kissed 
clown-by 

Fuipam ka dettus nast 
zwifo 
Cook by clown is 
kissed 

De kok wordt 
gekust door de 
clown  
 

DO-dative Dettus heufsi fuipam 
sifuul 
Clown gives cook  
hat 

Dettus heufsi fuipamda 
sifuulni 
Clown_NOM gives 
cook_DAT hat_ACC 

Dettus fuipam sifuul 
heufsi 
Clown cook hat  
gives 

De clown geeft de 
kok de hoed  
 

PO-dative Dettus heufsi sifuul bo 
fuipam 
Clown gives hat to 
cook 

Dettus heufsi  
sifuulni fuipambo 
Clown_NOM gives 
hat_ACC cook-to 

Dettus sifuul bo 
fuipam heufsi 
Clown hat to  
cook gives 

De clown geeft de 
hoed aan de kok  
 

 
Figure 1. Priming effects for the transitives. 

 
 
Figure 2. Priming effects for the ditransitives. 

 
References. Hwang, H., Shin, J-A., & Hartsuiker, R. J. (2018). Late bilinguals share syntax unsparingly 
between L1 and L2: Evidence from cross-linguistically similar and different constructions. Language 
Learning, 68, 177–205. Muylle, M., Bernolet, S., & Hartsuiker, R. J. (in preparation). The development of 
shared syntactic representations in late L2-learners: Evidence from structural priming in an artificial 
language. Salamoura, A., & Williams, J. N. (2007). Processing verb argument structure across languages: 
Evidence for shared representations in the bilingual lexicon. Applied Psycholinguistics, 28, 627–660. 



 

Comprehending the presupposition of too: the effects of distance and interference 
Sherry Yong Chen (MIT) & E. Matthew Husband (University of Oxford) 

sychen@mit.edu  
 

Background Anaphoric presupposition triggers such as too are thought to establish a 
dependency relation between the trigger and its presupposed content [1]. Like other 
dependencies, we hypothesize that establishing presuppositional dependencies relies on 
memory retrieval. Previous work suggests that the processing of presuppositions exhibits a 
locality bias, favoring linearly and hierarchically closer discourse content that can satisfy the 
presupposition [2], suggesting a serial search retrieval process. But it has also been reported 
that only the availability but not the speed of retrieval in the processing of too is affected by 
increased distance [3], suggesting a direct access retrieval process. These two proposals 
make different predictions regarding the retrieval behaviors of too: a serial search process is 
sensitive to the distance of licensed antecedents but avoids interference from structurally 
inaccessible antecedents, whereas a direct access process is insensitive to the distance of 
licensed antecedents distance but suffer interference from structurally inaccessible antecedents.  
Among the attempts to adjudicate between these two mechanisms, one concern that arises 
from previous work is that it fails to rule out the possibility that presupposed content may be 
actively maintained in focal attention as the presupposed content and the trigger were not 
always separated by a full clause [4,5]. The present studies address this concern by re-
examining the distance effects while also examining the possibility of interference effects as 
signatures of different retrieval processes [6,7]. 
Exp 1: Distance We re-examined distance effects in the retrieval process of too with materials 
modified based on [3] in a binary-choice speeded acceptability judgement study (Stimuli Set 1; 
N=36, 60 items): Dependency Length between too and presupposed content was manipulated 
as either NODISTANCE or DISTANCE, while the more local clause containing the presupposed 
Content was either locally NEAR, Far, or a FAILURE (i.e. the presupposition is not satisfied).   

Helmert-coded contrasts revealed a significant effect of Dependency Length on NEAR vs. 
FAR (z = 2.046, p = .041), replicating previous results. Distance worsened accessibility in the 
NEAR condition (9.3%, z = 1.853, p = .064) but not FAR (-1.7%, z = -0.444, p = .657), suggesting 
that having a single clause between the presupposed content and the trigger is enough to push 
that content out of focal attention and thus requiring memory retrieval. Once outside of focal 
attention, memory retrieval appears to be directly accessible, suggesting that interference 
effects should be expected from inaccessible antecedents that are incidentally retrieved. 
Exp 2: Interference We examined whether retrieval of the presupposed content of too outside 
focal attention suffers from interference, another signature of direct access retrieval [5], using 
novel materials in a binary-choice speeded acceptability judgement study (Stimuli Set 2; N=32, 
64 items). The potential presuppositional antecedent was either EMBEDDED or UNEMBEDDED 
with respect to negation, making it either structurally inaccessible or accessible, respectively. 
The manipulated clausal content either MATCHed or had NOMATCH with the requirements of 
too’s presupposition, with NOMATCH guaranteeing presupposition failure. 

Sum-coded contrasts revealed a significant interaction of Embedding and Content (z = 3.772, 
p < .001) such that, while UNEMBEDDED MATCH and NOMATCH content were distinct (26.2%, z = 
4.621, p < .001), EMBEDDED MATCH and NOMATCH were not significantly different (4.9%, z = 
1.599, p = .117). This result runs counter to the predicted interference from inaccessible content 
in a direct access account; a surprising result if a direct access retrieval process is at play. 
Discussion Taken together, our results suggest that the processing of too shows signatures of 
memory retrieval, but this retrieval of the presupposed content is not interference-prone. These 
results raise the question of how the presuppositional dependency established by too is different 
from other kinds of discourse-level anaphoric dependencies such as sluicing [6], and whether 
other presupposition triggers, e.g. again, show similar processing profiles.  
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Stimuli Set 1: Distance Paradigm 
 
NODISTANCE_NEAR  If the writer complained and the editor resigned, then the critics 

resigned too. 
NODISTANCE_FAR  If the editor resigned and the writer complained, then the critics 

resigned too. 
NODISTANCE_FAILURE #If the writer complained and the editor plagiarized, then the critics 

resigned too. 
 

DISTANCE_NEAR  If the writer complained and the editor resigned, then [everyone at the 
publishing house would be shocked to hear that] the critics resigned too. 

DISTANCE_FAR  If the editor resigned and the writer complained, then [everyone at the 
publishing house would be shocked to hear that] the critics resigned too. 

DISTANCE_FAILURE #If the writer complained and the editor plagiarized, then [everyone at the 
publishing house would be shocked to hear that] the critics resigned too. 

 
Stimuli Set 2: Interference Paradigm 
 
UNEMBEDDED _MATCH  If the editors resigned, then everyone at the publishing house 

would be shocked to learn that the critics resigned too. 
UNEMBEDDED_NOMATCH #If the editors plagerized, then everyone at the publishing house 

would be shocked to learn that the critics resigned too. 
 

EMBEDDED_MATCH #If the editors did not resign, then everyone at the publishing  
house would be shocked to learn that the critics resigned too. 

EMBEDDED_NOMATCH #If the editors did not plagerize, then everyone at the publishing 
house would be shocked to learn that the critics resigned too. 

 

 
Fig 1: The distance paradigm   Fig 2: The interference paradigm 
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The distribution of biased versus alternating verbs affects preschoolers’ verb bias adaptation 
Language learning requires balancing the productive power of language with its many 

constraints. For example, most verbs can appear in multiple subcategorization frames, but 
individual verbs have different subcategorization probabilities, called 'verb bias'. Verb bias 
influences comprehension (e.g., Snedeker & Trueswell, 2004) and production (e.g., Gahl & 
Garnsey, 2004; Rowland, Chang, Ambridge, Pine, & Lieven, 2012) in adults and children. 
Artificial language learning studies, and training studies with familiar verbs, show that linguistic 
distributional learning can create verb bias learning. In artificial language learning tasks, adults 
successfully learn the biases of new verbs, as long as the majority of verbs in the language are 
biased toward one structure (Wonnacott, Newport, & Tenenhaus, 2008; Perek & Goldberg, 
2015; Thothathiri & Rattinger, 2016). In contrast, an artificial language with many more 
alternating than biased verbs promotes across-verb generalization, and thus less reliance on 
individual verb biases. These patterns suggest that adults simultaneously track statistics at 
multiple linguistic levels, learning both about the syntactic behavior of individual verbs, and 
about the behavior of verbs in general. Similar multi-level learning about the co-occurrence of 
nouns and particles has been observed in children (Wonnacott, 2011). Training studies with 
familiar verbs have shown that adults and children track verb-syntactic distributions in new 
linguistic input, which then influence their subsequent production choices (Coyle & Kaschak, 
2008; Lin & Fisher, 2017; Thothathiri, Evans, & Poudel, 2017). Does this adaptation depend on 
the distribution of biased versus alternating verbs within the task, as suggested by artificial 
language studies? We explored this question with children using a video description task.  

Four- and five-year-old children (N = 74) described short videos depicting simple transfer 
events using 5 dative verbs, throw, pass, bring, give and show. An experimenter provided the 
sentence stems that children repeated and completed to describe the videos. In the training 
phase, the sentence stems ended at the first post-verbal noun phrase, constraining children to 
produce either a double-object dative (DO: Kate threw the pig __) or a prepositional-object 
dative (PO: Kate showed the fork __). These stems allowed us to restrict some verbs to appear 
only in the DO structure, others in the PO structure, and others to alternate between the two in 
training. In the test phase, the stems ended at the main verb (Kate threw __), allowing children 
to choose either structure. The 5 verbs were interspersed throughout training and test. The key 
manipulation involved the ratio of biased versus alternating verbs. The high-alternating condition 
had 1 DO-trained verb, 1 PO-trained verb, and 3 alternating verbs that occurred equally 
frequently in the two structures. The low-alternating condition had 2 DO-trained verbs, 2 PO-
trained verbs, and 1 alternating verb. The assignment of verbs to training structure was 
counterbalanced across participants and low- vs. high-alternating conditions. We predicted that 
children would strongly adapt their existing verb biases in the low-alternating condition where 
most verbs were biased, but not in the high-alternating condition where most verbs alternated.  

Children who did not produce both double-object and prepositional-object datives at test 
(an additional 9 children) were excluded from the final analyses. Test responses revealed 
effects of verb bias training that differed between the low-alternating and high-alternating 
conditions (Fig-1). In the low-alternating condition, children produced significantly more DO 
completions for DO-trained verbs than for PO-trained verbs. In the high-alternating condition, 
however, the rate of DO completions was about the same for all verbs. We also saw effects of 
pre-existing verb biases on the overall rate of DO completions in both conditions. 

Our results lend support to a role for multi-level distributional learning in syntax 
acquisition and verb learning. Previous artificial language studies suggested that adults can 
simultaneously track the syntactic distributions of individual verbs and the distribution of verb-
general properties across the whole language (e.g., Wonnacott et al., 2008). Here we show that 
4- and 5-year-old children can similarly track statistics at multiple levels, within their native 
language, and that what they learn depends on which source of information is the most reliable 
in their input.
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Fig-1. Mean proportion of double-object descriptions (out of double-object or prepositional-
object datives only) for DO-trained, PO-trained, and alternating verbs in the low-alternating 
condition (left; 4 verbs are biased and 1 verb alternates) and in the high-alternating condition 
(right; 2 verbs are biased and 3 verbs alternate). Mixed effects logistic regression revealed a 
significant interaction between condition (low-alternating vs. high-alternating) and training 
structure. Follow-up analyses revealed a significant effect of training structure in the low-
alternating condition but not in the high-alternating condition. Error bars reflect standard errors 
of the mean. 



A Rational Speech Act model of cross-linguistic differences in pronoun resolution 
preferences 
Miriam Schulz, Heather Burnett, & Barbara Hemforth (CNRS-Univ. Paris Diderot) 
barbara.hemforth@linguist.univ-paris-diderot.fr 
 
An important current research question in psycholinguistics concerns the mechanisms through 
which different interpretations of superficially similar constructions can arise across languages. 
[1] observed cross-linguistic variation in sentences like (1). In English, comprehenders prefer to 
resolve the pronoun to the subject, while, in French, they are most likely to interpret the pronoun 
as referring to the object.  

(1) a. The postman called the streetsweeper before he went home. 
b. Le facteur a appelé le balayeur avant qu’il rentre à la maison. 

We propose a computational model of differences in pronominal resolution preferences between 
English and French active sentences within the RSA framework that takes into account 
differences in the inventory of syntactic constructions between them. The model predicts the 
patterns of pronominal reference observed in experiments based on a high prior probability of 
next mention of subjects (see [2]) and the availability of an alternative non-finite construction in 
the two languages (2, 3) that unambiguously takes subject antecedents.  

(2) The postman called the streetsweeper a. before/b. after going home. 
(3) a. Le facteur a appelé le balayeur avant de rentrer à la maison. 

b. Le facteur a appelé le balayeur après être rentré à la maison. 
A corpus study of English (COCA) and French (Frantext, Est Républicain, ESLO) shows that 
alternative non-finite constructions for sentences like (1) are much less frequent in spoken 
English than French. The corpus study further extends the picture by distinguishing between 
spoken, literary and journalistic language as well as including after (2b, 3b) as a second 
connector besides before which has been studied in previous research. Logistic regressions 
(glm) show an independent significant impact of language, genre and connector as well as 
interactions between connector and genre on the frequency of occurrence of the finite with 
respect to the non-finite construction (Figures1a,b, ps < .001).  
A Rational Speech Act model [3] of the interpretation of pronouns in ambiguous utterances, 
integrating an assumed general preference for subject antecedents across languages 
(proportion of .80 subject antecedents) as well as spoken corpus frequencies as language-
specific costs on the use of each construction makes empirical predictions for pronoun 
resolution preferences in French and English for finite subclauses with avant or before as well 
as with after or après. Language-specific cost is calculated as the natural log of the proportions 
of the finite and non-finite constructions in the spoken English and French corpora.  

The model predicts an object preference for French sentences with avant as well as with 
après (Figure 2a,b) and a subject preference for English across connectors, though more so for 
before given the higher frequency of the non-finite alternative for after (see [4] for details). 
To test model predictions, we carried out a crosslinguistic experiment for 16 sentences like 
(1a,b) using a cloze task where participants had to fill in a gap after each sentence as in 
“______ went home.” 100 French and 60 English participants provided antecedent choices with 
conditions distributed across lists following a Latin Square design (Fig.3). Logistic regression 
analyses show significant effects of Language (with fewer N2=object choices in English) and an 
interaction of Language and Connector with more N2 choices for after than before in English but 
fewer for après in French (all ps<.001). While the higher number of N2 choices for after in 
English is predicted by the higher relative frequency of non-finite constructions with after, the 
lower number of N2 choices in French was not predicted (see Fig. 2). We assume that the 
generally low proportion of après constructions in French but not of after in English plays a role 
here (Fig. 4). Only if both alternatives are sufficiently frequent in a language, the relative cost will have 
an impact, otherwise the general subject preference takes over.	
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Figure 1a: Proportion of non-finite constructions  
for avant and après in French 

  

        

 

Figure 1b: Proportion of non-finite  
constructions for before and after in English 

 

Figure 4: Proportion of before/avant out of all 
before/avant and after/après combined  

  

 

Figure 2: Model predictions for 
proportion of objects choices  

 

Figure 3: Antecedent choices in  
English and French (proportion object choices) 
N2=object) 
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Formal marking is redundant with lexico-semantic cues to meaning in transitive clauses 
Richard Futrell (UCI), Evgeniia Diachek, Nafisa Syed, Edward Gibson, Evelina Fedorenko (MIT) 
Contact: rfutrell@uci.edu 
 
A great deal of work in linguistic typology has focused on the structure of simple transitive 
clauses, consisting of a subject (S), a verb (V), and an object (O). The crucial axes of 
crosslinguistic variation for these clauses are (1) the dominant order of these elements, e.g. 
SOV, SVO, VSO, etc. (Greenberg, 1963); (2) whether the order of these elements is fixed or 
flexible; and (3) whether there is morphological marking (e.g. case marking) distinguishing the 
subject from the object (Dryer, 2002). A common assumption is that these features trade off in 
the efficient communication of meaning: for example, a language with flexibility in the order of 
subject and object must have morphological case marking to distinguish the two, since word 
order is not informative (Kiparsky, 1997; Koplenig et al., 2017). Here we challenge this simple 
view with experimental evidence from two typologically distinct languages, demonstrating that in 
the vast majority of cases in actual usage, the subject and the object are clearly distinguishable 
based on their lexical semantics alone, leaving formal marking (in the form of word order or case 
marking) nearly entirely redundant.  

We evaluated the extent to which subject and object are distinguishable based on lexical 
semantics alone using a hybrid corpus/experimental approach. In Experiment 1  we extracted 
500 transitive sentences at random from parsed corpora of English web text (UD English v. 2.1: 
Nivre et al., 2017), filtering out cases where subject or object were pronouns. We reduced each 
sentence to a triplet: the head noun of the subject, the head noun of the object, and the head 
lexical verb, converted to past tense to remove number agreement marking. When a triplet is 
presented in a shuffled order, it contains neither word-order nor morphological cues to meaning. 
We presented shuffled triplets to native English speakers on Mechanical Turk and asked them 
to identify which noun was the subject. Across three replications, participants chose the correct 
subject with ~90% accuracy (original study, n=79: 88.9%; replication 1, n=78: 90.0%; replication 
2, n=84: 90.0%; replication 3, n=82: 90.6%). Thus in transitive clauses as actually produced in 
English, word order provides unique information about meaning in only 10% of instances. 

In Experiment 2  we repeated the above experiment in Russian, a language with flexible 
word order and differential accusative case-marking. We sampled triplets from a parsed corpus 
of Russian newspapers (UD Russian-SynTagRus). We removed morphological information by 
converting all nouns to nominative case and all verbs to the infinitive. Native Russian speakers 
selected the correct subject at a rate of 87.5% (n=93), nearly the same as the English accuracy. 

We found that both English and Russian have the same high degree of redundancy of 
formal marking with lexical cues to meaning in transitive clauses. Efficiency-based theories of 
linguistic typology must take into account the vast redundancy of formal marking in usage. Our 
results support efficiency theories based on communication in a noisy channel, which requires 
high redundancy (Gibson et al., 2013a,b), or theories based on production constraints rather 
than comprehension accuracy (MacDonald, 2013). Our work also joins psycholinguistic work 
emphasizing the importance of lexico-semantic cues to meaning, which often override local and 
global syntactic constraints (e.g., MacDonald et al., 1994) and take up most storage space in 
our knowledge of language (Mollica & Piantadosi, under review). 
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Distal rhythmic patterns influence listeners’ processing of phonetic cues 
Jeremy Steffman (University of California, Los Angeles) 
jsteffman@ucla.edu  
  
A body of literature shows that distal rhythmic/prosodic patterns play an important role in word 
segmentation [1-3], and online processing of speech [4]. Listeners are argued to project a prosodic 
structure in perceiving a speech signal based on the rhythmic properties of a distal preceding context, 
grouping ambiguous strings of sounds into words based on patterns of alternating duration and pitch e.g. 
[1]. For example, listeners parse an ambiguous string as “crisis # turnip”  instead of “cry # sister # nip”, if 
preceding alternations in duration/pitch suggest the first two syllables form a unit (i.e., a foot) [2]. These 
findings are couched within the perceptual grouping hypothesis, which predicts that perceptual grouping 
of alternating patterns will affect listeners’ expectations about incoming information in the speech signal 
(motivated by findings in non-speech auditory perception e.g. [5,6]).  

In light of this research, the present study investigates how distal rhythmic context may influence 
rate-dependent speech perception, testing perception of vowel duration as a cue to coda stop voicing (a 
robust durational/rate-dependent cue in English [7,8]). Predictions based on rhythmic structure are 
contrasted with predictions based on proximal durational contrast effects e.g. [9,10] (outlined below), 
building on recent speech perception research which has investigated the importance of distal versus 
proximal cues in rate-dependent speech perception [7,11,12]. This study can thus be seen as a novel 
investigation of distal context effects, extending research that shows the importance of rhythmic structure 
in lexical processing to test its relevance for the processing of phonetic cues.  

Participants (n=30) categorized a continuum (2AFC task) that varied only in vowel duration (90-
150ms; 15ms steps) as “coat” or “code” (PSOLA resynthesis [13]). This target was preceded by an 
alternating sequence of syllables (of simple CV shape: /tɑ/) that formed a series of durational trochees 
(long-short), or iambs (short-long). Preceding syllables were resynthesized so that a short syllable had a 
vowel duration of 75ms, while a long syllable had a duration of 150ms. Three trochaic or iambic feet 
preceded a final foot in which the target was grouped with either a long syllable, forming a potential 
trochee (in the TROCHEE condition), or a short syllable, forming a potential iamb (in the IAMB condition; 
see Fig. 1). Following the perceptual grouping hypothesis, if listeners group the target as the second 
syllable in a foot based on preceding durational alternations, expectations about the duration of the target 
vowel might change based on whether it was the implied second syllable in trochee (where it would be 
shorter), or an iamb (where it would be longer). This predicts categorization would shift such that “code” 
responses decrease in the IAMB condition where longer vowel durations are expected (relative to the 
TROCHEE condition), reflecting the influence of distal rhythmic patterns. Crucially, proximal durational 
contrast effects  predict the opposite shift in categorization. Given that a relatively longer syllable precedes 
the target in the TROCHEE condition (see Fig. 1), categorization would be expected to shift to longer 
required vowel durations for a “code” response (decreasing “code” responses in the TROCHEE condition). 
As these two influences make opposite predictions about the directionality of the effect, this design 
directly tests whether proximal duration, or distal rhythmic structure will influence categorization.  

Results were assessed by mixed-effects logistic regression (random effects: by-subject 
intercepts with maximal random slopes [14]). As shown in Fig.  2, the rhythmic properties of the preceding 
target significantly influenced categorization, whereby the IAMB condition shows significantly decreased 
“code” responses (β(SE) = 0.17(0.06), z = 2.70, p < 0.01). This suggests that listener expectations 
about duration based on distal rhythmic structure influenced the perception of vowel duration as a cue to 
voicing, in defiance of proximal durational contrast effects. These results thus provide novel insight into 
how distal rhythmic/prosodic context affects listeners’ processing of durational phonetic cues, extending 
the research that documents their importance in lexical processing [1-4], and building on the 
demonstrated importance of distal context in rate-dependent speech perception [11,12]. More broadly, 
these results indicate that rhythmic structure is relevant both in the fine-grained perception of phonetic 
detail as well as word segmentation and lexical processing, consistent with the proposal that effects of 
temporal structure in the speech signal operate at multiple processing levels [11,15]. Results are further 
discussed in terms of their extension to unified segmentation/segmental perception experiments e.g. [7], 
their expansion to more naturalistic stimuli, and their implications for recent issues in the speech 
perception literature regarding proximal and distal speech rate effects e.g. [11,16].  
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Figure 1: Waveforms are transcribed and 
bracketed according to listeners’ hypothesized 
grouping. The longer precursor syllable is 
bolded. The target has 150ms vowel duration. 
The gray box highlights proximal context.  

Waveforms of the stimuli  Categorization split by condition 

Figure 2: x axis shows vowel duration steps 
from the continuum. Points show the proportion 
of “code” responses (on the y axis) at each 
continuum step, in each condition. Lines are 
Psychometric curves, fit to show a smoothed 
categorization trend.   
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Reducing similarity based interference in sentence processing for individuals with 
agrammatic Broca’s aphasia: a semantic approach 
Niloofar Akhavan, Carolyn Baker, Natalie Sullivan, Lewis Shapiro and Tracy Love (San Diego 
State University, University of California San Diego) 
nakhavan@ucsd.edu 
 
Individuals with agrammatic Broca’s aphasia (IWBA) typically exhibit difficulty comprehending 
sentences that do not conform to canonical (S-V-O for English) word order, and thus contain a 
syntactic dependency. In this study, we investigate the real-time processing of canonically 
ordered sentences that contain unaccusative verbs, resulting in a filler-gap syntactic dependency.  
As shown in the subject-extracted sentence [1] below, a link between the ‘filler’, the girl, and the 
post verb (disappeared) ‘gap’ must be made for successful comprehension of the sentence to 
occur.   

 

 

Although, [1] is in canonical word order, it contains an unaccusative verb (disappeared) whose 
fronted single argument is the direct object [1]. This creates a filler-gap dependency and poses 
difficulty in processing for IWBA [2,3]. To account for such difficulties, the Intervener Hypothesis 
(IH) posits that the presence of an intervening noun phrase (the boy) that is structurally similar 
(Det N) to one of the elements (the girl) in a syntactic chain causes similarity-based 
interference[4,5]. The IH has typically been investigated in terms of structural similarity with different 
sentence structures (e.g., Wh-questions, overt anaphora, respectively) [7,8].However, in the 
present study, we investigate sentence constructions such as [1] above and manipulate the 
semantic properties of the intervening noun phrase (NP) in attempts to reduce similarity-based 
interference.  

The purpose of this study is twofold: 1) to determine the impact of a structurally similar intervener 
on real-time auditory sentence processing in sentences containing unaccusative verbs in IWBA, 
and 2) to determine if manipulating the animacy of an intervening NP can reduce similarity-based 
interference and improve final comprehension for IWBA.  

Methods:  Eye tracking while listening with a visual world paradigm was used to test for activation 
and reactivation of a displaced NP (direct object noun) during the ongoing auditory presentation 
of sentences containing unaccusative verbs.  

Subjects: Two groups of monolingual English speaking subjects participated in this study:  ten 
age-matched control participants (mean age: 62 years old; range: 57-66 years old) and eight 
individuals diagnosed with agrammatic Broca’s aphasia (IWBA) (mean age: 64 years old; range: 
56-77 years old). IWBA were diagnosed based on standardized assessments (e.g., BDAE-3 [9]) 

as well as performing at or below chance on complex sentence comprehension (i.e. object relative 
constructions, OR) from the S.O.A.P. Test of Auditory Comprehension [10]. All participants were 
neurologically and physically stable (i.e., at least 6 months post onset), with no reported history 
of active or significant alcohol and/or drug abuse, active psychiatric illness or intellectual disability, 
and/or other significant brain disorder or dysfunction (e.g., Alzheimer’s/dementia, Parkinson’s, 
Huntington’s, Korsakoff’s). 

Results: While aurally processing sentences that contain unaccusative verbs and an intervener 
of similar animacy, IWBA show a similarity-based interference effect, unlike age-matched control 
participants (Figure 1). This effect is reduced when the animacy of the intervening NP is dissimilar 
to the displaced NP. IWBA show ‘normal’ reactivation patterns when the similarity-based 

[1] The girl that observed the boy disappeared <the girl> into the trees. 
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interference is reduced which supports the Intervener Hypothesis (Figure 2).  These effects are 
confirmed with growth curve analyses which found significant reactivation in the inanimate 
condition by IWBA (linear term=.26, SE=.10, p<.05) and not in the animate condition. These 
results will be compared with competing hypothesis regarding syntactic processing deficits in 
IWBA.  
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Effect of partial quotation and transparent free relatives on perspective shift 
Bethany Sturman & Jesse Harris (University of California, Los Angeles) 
bsturman@ucla.edu  
Background: Although speakers are generally committed to the truth of their utterances, 
perspective shift allows speakers to utter content they may not fully endorse [1,2]. In a cue-based 
account of perspective shift, speakers overcome their default commitment to an utterance through 
a preponderance of cues [1,3,4]. Perspective shifting with appositives and expressives has been 
well studied [9,10,11]. We extend the domain of perspective shifting expressions with a study on 
Transparent Free Relatives (TFRs; e.g. Allen poured what (is called/he calls) a beergarita) and 
Partial Quotation (PQ; e.g., Allen poured a ‘beergarita’). TFRs provide a syntactic means to 
introduce an explicit attribution of an expression (beergarita) with a verb of saying (calls) or belief 
and an optional source for the attribution (he). Harris [12] found that adding a source to a TFR 
produced greater instances of perspective shift than those without a source. PQ has also been 
proposed to facilitate perspective shift away from the speaker [5], but crucially lacks the explicit 
cues to identify the non-speaker source. The present study compares the perspective-shifting 
potential of TFRs and PQ in a dual production-perception experiment. We propose that PQ 
provides a less robust cue for perspective shift, even when the speaker attempts to verbally mark 
it as non-speaker oriented. The production component allows us to explore the prosodic 
realization of perspective shift and what prosodic cues signal the orthographic presence of PQ 
(c.f. [13] for German.)  
Methodology: The experiment was designed for a Speaker/Listener pair (N=36 native English 
speaking pairs). Subject pairs were told they were in a game where they scored by interpreting a 
sentence in the same way. The Speaker could only communicate by reading items aloud and was 
separated from the Listener with a physical divider. The procedure had four parts: i) the Speaker 
read the item silently ii) the Speaker answered a forced choice question about whether they 
interpreted the object NP as speaker-oriented or subject-oriented iii) the Speaker read the item 
aloud iv) the Listener answered the same interpretation question. The 2x3 design crossed the 
presence of PQ around the object NP with no embedding/no source TFR/subject-source TFR 
(see example item in (1)), with 24 target items, 40 fillers, and 8 catch items. 
Results: Two GLMER models were run to evaluate the Speaker’s rate of shift and the Listener’s 
rate of shift, shown in Fig. 1. The results demonstrate the full range of perspective shifting potential. 
As expected, the No Quotes matrix object (control) condition and No-Source TFRs rarely resulted 
in a perspective shifted interpretation, showing a floor for both the Speaker and the Listener (p’s 
<.001). Similarly, the Subject-Source TFRs increased the likelihood of a subject-shifted 
interpretation for both Speaker and Listener (p’s <.001), replicating Harris [12] and providing a 
ceiling for perspective shift. The matrix PQ condition was the intermediate case. PQ increased 
the Speaker’s likelihood to shift (p <.001) but was not significant for the Listener, who was relying 
solely on the Speaker’s production of the item. There was a great deal of variation in individual 
Speakers’ propensity to perspective shift in the matrix PQ condition, shown in the histogram in 
Fig. 1. Some speakers may be more cautious, needing stronger cues to license perspective shift. 
Prosodic marking of PQ: Although the design successfully invoked expressive speech from 
Speakers, these results suggest that either Speakers are not consistently marking PQ 
phonetically or Listeners cannot successfully decipher the Speakers’ prosodic cues to reconstruct 
PQ. Preliminary analysis of the production data suggests that speakers mark the presence of PQ 
by inserting large (IP) prosodic breaks at the location of the quotation marks. The preceding 
boundary tone is a plateau (e.g. H-L%). An example ToBI annotated utterance is shown in Fig. 2. 
Conclusion: Speakers’ less frequent rate of perspective shift in the matrix PQ condition 
compared to the Subject-Source TFR condition as well as the Listeners’ low rate of perspective 
shift in the matrix PQ condition supports the hypothesis that perspective shift is a pragmatically 
risky strategy and must be carefully marked with robust cues. There also seems to be individual 
variation in how strong the cues must be to license perspective shift. 
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(1) Example 
item: 

Matrix object NoSource TFR (NS-TFR) Subj-Source TFR (SS-
TFR) 

No Quotes 
(No Q) 

Allen poured a beergarita 
at the party on Friday. 

Allen poured what is called a 
beergarita at the party on 
Friday. 

Allen poured what he calls 
a beergarita at the party 
on Friday. 

Partial 
Quotes (PQ) 

Allen poured a 
“beergarita” at the party 
on Friday. 

Allen poured what is called a 
“beergarita” at the party on 
Friday. 

Allen poured what he calls 
a “beergarita” at the party 
on Friday. 

Interpretation 
Question: 

Who calls it a beergarita?  
Subject: Only Allen calls it a beergarita   / Speaker: Everyone calls it a beergarita 

 

 
Figure 1. Left: Mean response rate (1=subj. oriented) for Speaker and Listener with standard error by 
condition Right: Histogram of individual Speakers’ mean rate of perspective shift in the matrix PQ condition 

 
 

Figure 2. Spectrogram with pitch track and ToBI annotation for Allen poured a “beergarita” at the party on 
Friday. The pauses used to prosodically mark partial quotation are boxed. 
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Effects of Verbal Tasks on Driving Simulator Performance 
Jonathan Rann and Dr. Amit Almor (University of South Carolina) 
jrann@email.sc.edu 
 

While it is often argued that both language production and comprehension require cognitive and 
working memory resources, production is likely more resource demanding due to requiring the 
simultaneous planning, monitoring and articulating of a single correct utterance, whereas 
comprehension can involve activating multiple interpretations, and, if errors occur, the system 
can easily recover (albeit with a measurable short delay). Recently, interest has focused on 
capturing the dynamic shifting of resource demands during production and comprehension, as 
well as transitions from one to the other, over the course of conversation (e.g., Boiteau, et al., 
2014). The resource allocation of comprehension and production is important theoretically but is 
especially relevant to many real world scenarios in which language is used in the context of 
other tasks, such as driving and talking. In turn, these situations are important not only because 
they have real life implications but also because they can provide critical tests for processing 
theories in more natural contexts. Here we report two experiments asking whether the 
postulated resource demands of production and comprehension affect driving performance in 
ways that are consistent with theories of production and comprehension.   
 

Both experiments used the OpenDS Driving Simulator (Math, Mahr, Moniri, & Müller, 2012) and 
Continuous Tracking and Reaction task (Mahr, Feld, Moniri, & Math, 2012) in which overall 
distance from a target on a driving-based tracking task is the dependent measure, and is 
continuously measured. E1 tested performance under conditions involving either (a) no verbal 
input or output (absent), (b) passive listening to spoken prompts via headphones (listen), or (c) 
responding to spoken prompts (respond). E2 tested performance under conditions involving 
either (a) no verbal input or output (absent), (b) passive reading of written prompts that were 
overlain on the driving simulator screen (read), or (c) responding to read prompts (respond). 
Both experiments also tested the effect of the driving task difficulty by manipulating target 
moving speed (slow vs fast). Overall mean deviance from target during different blocks was 
analyzed using ANOVAs (Figures 1a & 2a). Then, driving performance was aligned with 
conversational segments (subject speaking or memorizing vs. subject listening or reading) and 
Growth Curve Analyses were used to track continuous performance during first 2500 
milliseconds of conversation segments (Figures 1b & 2b). We hypothesized that: 1) verbal tasks 
would tap into the cognitive resources used by driving; 2) production would require more 
resources than comprehension; 3) because driving and reading both involve the visual modality, 
performance in E2 would show stronger effects of the verbal task; 4) these requirements would 
vary dynamically during different conversational segments; and 5) the relative resource 
allocation between the verbal and driving task can change as a result of the relative difficulty.  
 

Results from E1 analysis (Figure 1a) showed no significant differences in performance among 
verbal task conditions during slow target speeds. During fast speeds, performance steadily 
decreased as verbal task difficulty increased, with worse performance during respond 
conditions. For E2, results (Figure 2a) showed significantly worse performance in verbal 
conditions compared to absent during slow speeds. Performance during fast speeds decreased 
in similar fashion as E1, but was more pronounced. Time-course analysis of performance during 
the first 2500 ms in conversation segments (Figure 1b) revealed worse performance during 
talking compared to listening segments in most conditions. Fast-Respond conditions showed 
clear decreasing performance as participants prepared to speak, and increasing performance 
as they talked. This pattern was more pronounced in the fast conditions, and was observed (and 
even more pronounced) in all conditions of E2 (Figure 2b). Overall, data from both experiments 
supported our hypotheses, revealing dynamic performance changes in line with current theories 
of language production and comprehension, placing the requirements of both in the domain of 
general theories of resource allocation (i.e., Lavie, et al., 2004; Wickens, 2002). 
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Figure 2a: Overall deviation during different conditions. (Error 
bars show the standard error of the mean).  ANOVAs revealed 
significant main effects of Speed, F(1, 29) = 603.43, p < .001, 
and Conversation, F(2, 58) = 72.75, p < .001, and interaction 
between Speed and Conversation, F(2, 58) = 11.38, p < .001. 

 

Figure 2b: Target deviation during first 2500 milliseconds of task 
onset for slow and fast conditions during Read-Only and Read-and-
Respond conversation segments. Cubic time model was found to 
best fit the data, χ2(7) = 225.73, p < .001. 

Figure 1b: E1 - Deviation during first 2500 milliseconds of task onset 
for slow and fast conditions conversation segments. Cubic time 
model was found to best fit the data, χ2(7) = 12.812, p = .07. 

 

 

Figure 1a : E1 - Overall deviation during different conditions 
(Error bars show standard error of mean). ANOVAs revealed 
main effects of Speed, F(1, 29) = 917.56, p < .001, and 
Conversation, F(2, 58) = 12.96, p < .001, and interaction 
between Speed and Conversation, F(2, 58) = 3.87, p < .05.   
 



Sensitivity to gender cues during anaphor resolution: evidence from visual world 
eye-tracking  

Yuhang Xu, Nicholas Ringhoff, Rachel Coons, Lauryn Fluellen, Carly Eisen and Jeffrey Runner 
University of Rochester yuhang.xu@rochester.edu 
 
Background. Anaphor resolution is constrained by both structural (e.g., binding principles/BT) 
and non-structural factors (agreement features like gender). However, models differ on the views 
of how people apply these constraints to guide their anaphor resolution. The structural dominant 
approach emphasizes the importance of structural constraints such that people apply BT as an 
initial filter or use it to narrow down the referential domain first (1, 2) relying less on agreement 
features. On the other hand, the multiple constraints approach claims that people use both 
syntactic and non-syntactic features to guide resolution initially (3, 4). The role of gender cues on 
English anaphor resolution is one of the best-studied cases. Some studies (1, 2, 5) found that, 
especially for reflexives, resolution is not susceptible to interference effects from items that are in 
a BT incompatible position (i.e., non-local c-commanding) but match the gender of the anaphors. 
However, many other studies (3, 4, 6, 7) do find that people use non-strutural cues in parallel with 
syntactic constriants. The current study aims to contribute to the debate of whether or not people 
use both structural and non-structural constraints initially during anaphor resolution using English 
pronouns and reflexives as test bed. (They are in argument positions which should 
uncontroversially obey binding principles). Following the multiple constraints approach, we predict 
that people are sensitive to both syntactic cues (e.g., binding principles) and non-syntactic cues 
(e.g., gender) and use them to guide their search of the antecedents initially.  

Method. See Table 1. Using the visual word paradigm, 36 English native speakers were asked 
to click on the image that represents the last word in the sentence they heard (critical items: 
Occupation1-Verb-Occupation2-PP-Pronoun/Reflexive). The display contained three pre-normed 
images that represent two occupations and a PP/location. We manipulated two factors: the 
anaphoric form presented in the spoken stimuli: reflexive or pronoun, and the gender pair of 
occupation images: both match the gender of the anaphor or only the BT-compatible one matched 
the gender.  

Results. People’s final interpretations of both pronouns and reflexives strictly followed the binding 
principles (Table 2 ~97% of the BT-compatible choices). Time-course data are presented in 
Figure.1. Using logistic mixed effects models with gender pair (both vs. single match) and anaphor 
type (pronoun vs. reflexive) as fixed effects and maximum random effects for both items and 
subjects, we predicted the fixation to the (BT-compatible) Target (0/1: fixated or not) during an 
800ms time-window starting from 200ms after the onset of the anaphor because it takes ~200ms 
to perform a saccade in the visual world paradigm (8). Results showed a main effect of the gender 
pair such that people had fewer target fixations when both antecedents matched the gender of 
the pronoun/reflexive (!"=.59, z= 4.86), the effect is larger for pronouns than reflexives (interaction 
effect:	!"=.37, z= 2.93). A further analysis on the initial time-window (200~500ms) also showed a 
similar significant effect of the gender pair (!"=.66, z= 3.01) indicating that people did use gender 
cues to guide resolution initially.  

Conclusions. Results are consistent with the multiple constraints approach where both structural 
and non-structural constraints influence anaphor resolution from the beginning of the antecedent 
search in a form-specific sensitivity way: pronoun resolution is more sensitive to non-structural 
constraints (e.g., gender) than reflexives (3). What’s more, the use of both linguistic and non-
linguistic information (e.g., the gender information was encoded on visual stimuli only) during 
anaphor resolution supports a highly interactive and contextually sensitive model of human 
language processing.  
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Design and materials:  
Table.1 Visual-world eye-tacking: 

Task:             “Click on the image that represents the last word you have just heard.” 
Stimuli:                        16 items + 16 fillers (spoken materials).                 
Occupation 1-Verb-Occupation 2-PP-Pronoun/Reflexive  
e.g., The pharmacist believed that the pianist at the store embarrassed her/herself.  

Display: Manipulations: 

 

A. Gender Pair:  
     Both match vs. single match 
 
B. Anaphor Type: 
     Pronoun vs. Reflexive  

Results: 
Table.2 Click data: Choices of the Target/BT-compatible antecedent  

 Both Match Single Match 
Pronoun 95.83% 97.22% 
Reflexive 98.61% 98.61% 

Figure.1 Time-course data 
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Are gender and number different? Evidence from French binomials 
Aixiu An & Anne Abeillé (Université Paris Diderot) 

aan@mit.edu 
Agreement is a way to establish a dependency between different elements (like Subject-Verb, 
Determiner-Noun) and involves different features: number, gender, person, which correlate with 
morphological and semantic properties. Whether number and gender features undergo a unitary 
matching process or different independent processing mechanisms has been discussed in the 
literature. However, previous studies have used different approaches and some have found 
differences (de Vincenci, 1999; Baber et al., 2005) while others did not (Nevins et al., 2007). 
Inside a coordination phrase, agreement can target the closest conjunct (CCA), or the whole 
coordination (RES(olution)), e.g., singular and singular resolve to plural while masculine and 
feminine resolve to masculine (Corbett 1991). Recent experimental studies (An & Abeillé 2017) 
showed that CCA is allowed in French binomials (N1 and N2) and is different from attraction 
errors (Keung & Staub 2018).  
This paper compares gender and number agreement in French binomials by an on-line and an 
off-line experiments and shows that they are not processed in the same way. 
We built 24 experimental items with a 2*2 design: gender/number, match/mismatch with the 
closest conjunct (1). N1 and N2 are animate and differ in gender or number. We had 20 filler 
items (independent from this study). We ran Experiment 1 (acceptability rating on a 0-10 scale) 
with 38 Participants, and Experiment 2 (self-paced reading) with 41 Participants. Exp. 1 shows a 
significant interaction between feature and agreement strategies with a maximal mixed-effect 
linear model (fig.1): CCA is more acceptable than RES for gender, and has no significant 
difference with RES for number. We analyze reading times of Exp. 2 (Fig. 2) with a maximal 
mixed-effect linear model, with log transformed reading time as dependent variable and feature, 
agreement and word length as independent variables. The online reading time shows a 
significant slow down in the N1 region for mismatch. However, a significant interaction between 
match and feature is found in the N2 region. The reading time for number CCA is longer than for 
gender CCA. We do not find any spillover effect. 
Gold et al. (2017) have argued that CCA is preferred when it matches Highest Conjunct 
agreement, but they don't distinguish between gender and number. We argue that CCA is 
preferred in French binomials because resolution causes a surprisal effect (Levy 2006) before 
seeing the coordinator, illustrated by a significant slow down of RES in the N1 region. However, 
the coordinator is considered as a cue for plurality (Schlueter et al. 2017). There is a conflict 
between the singular D that expects a singular N and the plurality of the conjunction (Liomor 
2007), which results in a longer reading time for number CCA in N2 region. However, in contrast 
to number that is considered a meaningful feature for nouns, gender is a morphological maker 
(Ritter 1988). Thus, gender mismatch in the coordination is superficial and does not result in a 
slow down in N2 region. We conclude that number and gender are processed in a different way 
at least in coordination phrase and CCA is easier for gender than for number. 

norielleadricula
Text Box
Poster Session D: Sunday, 12:05 - 2:00 PM, 
Location: The Ballroom, #D50



 (1) CCA/ RES number]:  
L’entretien | ennuie | la/les | candidate | et | recruteuse | malgré| les pauses. 
The interview | bores | the.FSG/PL | candidate.FSG | and | recruiter.FSG | notwithstanding | the breaks. 

[CCA /RES gender]:  
L’entretien | ennuie | certaines/ certains | candidates | et | recruteurs | malgré| les pauses. 
The interview | bores | some.FPL/MPL | candidate.FPL | and | recruiter.MPL | notwithstanding | the breaks. 
Selected References  
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Figure 2 



Age affects the processing of subject-verb agreement (in Italian)
Francesco Vespignani, Luca Artesini and Francesco Pavani (Università di Trento)

francesco.vespignani@unintn.it

Tanner  and  Van  Hell  (2014)  studied  the  individual  variability  in  the  processing  of  syntactic
violations on English verbs and claimed that the biphasic responses that are typically seen on
grandaverages are likely to arise from a superimposition of different individual-level effects (see
also  McKnight et al., 2018). Differently, Caffarra, Mendoza & Davidson (2017) showed that in
relation to determiner-noun violations in Spanish a clear biphasic LAN+P600 can be reliably
seen at both individual and item levels.
Individual variability of ERP responses to syntactic violations may thus have a different impact
across languages and/or dependency. In this study we collect ERP responses to subject-verb
violations in  Italian,  a dependency for  which across-studies variability  is  documented in  the
literature (see Kasparian et al. 2017 and therein references). In order to order to improve signal
to noise ratio with respect  to the standard in the literature we decided to present 160 items (half
correct  1.a,  half  violated  1.b)  together  with  160  fillers,  half  of  which  contained  semantic
violations.  All  sentences  had a  transitive  verb,  an  animated subject  and an inanimate  DO,
correct and violated, singular and plural versions of the were counterbalanced across subjects
with a latin square design. A further aim of this study is to collect normative data on the ERPs
correlates  of  subject-verb  agreement  in  Italian  as  a  reference  benchmark  to  study  specific
populations such as bilinguals, subjects with atypical language development and patients with
language  disorders  in  different  ages.  Despite  the  widespread  assumption  that  grammatical
competence and performances in processing morphosyntactic aspects of language are rather
stable from puberty to early elderly, a recent corpus study suggests that grammatical diversity
can show non-linear changes in  the adulthood (Moscoso del  Prado Martin,  2016).  We thus
decided to sample different age ranges to collect a relatively ample set of possible age-matched
controls. We collected so far 12 subject for each group in the following age-ranges: 12-17, 18-
29, 30-44, 45-70.
Sentences were visually presented word by word (SOA 600ms) and the EEG, referenced to the
left mastoid, was continuously recorded at 1000Hz from 64 sites uniformly distributed on the
scalp. Subjects were instructed to read carefully the sentences, not to blink during sentence
presentation and to judge for acceptability of each sentence after its presentation.
Results (figure 1) show that the posterior and late stage of the P600 is rather similar across the
age  groups  after  18  years  of  age  while  different  topographic  distribution  of  the  preceding
negativities are present across the four age groups. On top of this, a large difference in the
topography of the early stage of the P600 is present in the interval 550-650ms after word onset
in that younger subject do show a posterior focus of the component while older groups also
show the presence of a large positive deflection for the violation at more frontal sites. The plot in
figure 2 further suggests that the relation of the amplitude of this frontal effect with age may not
be strictly linear. With respect to the nature of this effect it must be noted that the age-difference
mainly emerges in term of a larger frontal negativity for older subjects in the correct condition
rather than as a augmented positivity for the violation.
These age-related variations of  the ERP response to a well  controlled syntactic violation in
native  speakers  are  interpreted  by  assuming  that  a  same  linguistic  computation  may  be
performed in different ways by individuals with different cognitive resources, depending on age.
Moreover, we think that the interpretation of ERP responses to syntactic violation is fare more
complex  than  a  specific  pattern  (LAN+600)  or  than  an  unidimensional  continuum between
negative responders (N400) and positive responders (P600) and that this interpretation should
not only consider variability of effects (subtracted waveforms) but also the variability in the ERP
responses to correct conditions only.
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1.a Il   falegname leviga  il   mobile 
    The+S joiner    smooths the+S wardrobe
1.b * Il   falegname levigano il   mobile 
      The+S joiner    smooth   the+S wardrobe

Figure 1: plots of grandaverage across the four age groups on nine 6-channel clusters (FL frontal left, F
frontal midline, FR frontal right,CL central left,  C central midline, CR central right, PL posterior left,  P
posterior midline, PR posterior right). 

Figure 2: Scatterplot of single subject effects measured on the frontal midline cluster  in the 550-650ms
interval as a function of age; a local polynomial regression fit is drawn for illustrative purposes only.

Caffarra, Mendoza & Davidson (2017), bioRxiv, doi:10.1101/218594; Moscoso del Prado Martin
(2016), Cogintive Science, 41(4),  950-975;  McKnight et al.  (2018) CUNY conference, 305 &
307;  Tanner  and  Van  Hell  (2014)  Neuropsychologia,  56,  289–301;  Kasparian  et  al.  (2017)
Cogintive Science, 41(7), 1760-1803.



Gender Bias in Picture Noun Phrase Reflexive Resolution  
Yuhang Xu, Carly Eisen, Lauryn Fluellen, Yuyi Zhou, Nicholas Ringhoff, Rachel Coons and 
Jeffrey Runner (University of Rochester) yuhang.xu@rochester.edu 
 
Background. It is well documented (1, 2) that people use various types of constraints during 
anaphor resolution. (1) examined so-called “picture noun phrase” (PNP) reflexives showing that, 
besides a syntactic constraint (e.g., binding principle A), people are also sensitive to other 
constraints such as “source of information”. Recently, interest has grown in understanding what 
kinds of constraints are used and how those constraints interact during anaphor resolution. One 
challenge is that these constraints often co-occur, e.g., both gender (feminine) and syntactic 
(reflexive) information are encoded on “herself”, making it difficult to tease apart their effects. Here 
we try to “eliminate” one critical constraint on the reflexive (i.e., the gender cue) and test whether 
people are still sensitive to it, and how it interacts with other constraints in PNP reflexive resolution.  

Exp1. We employed a single-trial “broken text” paradigm using PNP stimuli taken from (1), with 
gender information obscured by random characters on the reflexive (e.g., “Steve told Amy 
about⍯the picture of h⍰⍰self on the wall”). MTurk participants (N=160) read a sentence, 
completed an antecedent choice task, and rated their confidence on a 7-point scale. We 
manipulated the gender of the target/subject (male/female name), the gender pair (same/differ 
pair) and the source of information (verb: “tell” vs. “hear”). Results (Fig.1): We replicated previous 
findings (1) that the source of information had strong effects on PNP reflexive resolution (#$=1.43, 
z=3.00): people tended to choose the source of the information as the target (i.e., “tell” conditions); 
confidence ratings were also higher when the target was the source of the information (#$=1.04, 
z=4.73). There was also a main effect of the gender pair manipulation (#$=.99, z=2.1): people had 
fewer target choices when a different gender competitor was presented, which was mainly driven 
by the conditions where the target was female with a male competitor as the source of information.  

Explanations. The gender bias favoring a male as the source of information provides evidence 
for context sensitive coordination of multiple constraints during reference resolution. These 
constraints do not exert influence separately but are intertwined: the effect of verb semantics 
(“hear” vs. “tell”) relies on both the gender of the source of the information according to people’s 
language experiences (that there may be a bias to interpret the source of information as male, 
hypothetically related to the “mansplaining” phenomenon (3)) and on the current context such that 
different gender pairs influence the weights of these effects. Alternatively, the male bias may 
simply be due to the token frequency of “himself” being higher than “herself” in usage (Google 
Books Ngram 1990~2008). A separate control experiment (Exp2) tests whether the pure 
frequency of the pro-form has this effect on people’s interpretation. 

Exp2 used the same paradigm and tasks testing how people (N=82) interpreted argument 
reflexives in sentences like “Mike said⍯that Steve hurt h⍰⍰self” again manipulating the gender 
of two antecedents. If people’s interpretations of h⍰⍰self are driven by the token frequency 
(himself>herself), then we should still observe a gender bias such that people have more 
target/matrix subject choices when it’s a male name. Alternatively, we predict that because 
argument reflexives are lacking the sensitivity to non-syntactic constraints (4), there should be no 
gender effects in people’s choices. Results (Fig.2) were consistent with our predication that no 
effects of gender would be observed (ps>.9); in fact, the male target conditions had even 
numerically fewer choices than female target conditions.  

Together, our results are consistent with the “multiple constraints” approach (1) on anaphor 
resolution such that people are sensitive to all kinds of information even when it is unavailable 
(i.e., the gender information on the reflexive). More importantly, we further show that different 
constraints are not used independently but are intertwined and interact with each other during 
resolution in a context sensitive fashion.   
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Method:  
• “Broken-text” paradigm 

o “We accidentally opened some text in the wrong editor, and as a result, have some broken 
text we need help identifying and some related comprehension questions that we need help 
answering. You will first read a sentence, then answer some questions about what event 
occurred in the sentence and how sure you are about your answers.” 

• Single trial experiment 
Tasks: 
1. Antecedent choice:    Who is in the picture? (Exp1)       Who was hurt?(Exp2) 
2. Confidence rating: How confident are you about your choice? (7-point scale) 
 
Exp1: PNP reflexives  

Gender masked reflexives with gender stereotyped names (5) 
Name1- {told/heard from} - Name2 - about the picture of h⍰⍰self on the wall. 
Manipulations: 

• Target (subject) gender:  male/female names    
• Competitor (object) gender:  same/differ gender with the target 
• Source of information:  tell vs. hear  

 
Exp2: Argument reflexives 

Gender masked reflexives with gender stereotyped names (5) 
Name1 said⍯that Name2 hurt h⍰⍰self. 
Manipulations: 

• Target (subject) gender:  male/female names    
• Competitor (object) gender:  same/differ gender with the target 

 
Fig.1 Results of Exp1 Fig.2 Results of Exp2 
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Is turn prediction accuracy dependent on the idiosyncrasies of one’s own experience? 

Nina Fisher, Lauren V Hadley, Martin J Pickering (The University of Edinburgh) 

 

According to the prediction-by-simulation account of turn-taking, people’s ability to predict an 
observed action is based on their experience of producing that action. Hence, in an interaction, 

prediction of a partner should vary according to how well an individual can represent their partner’s 
production style using their own motor system. It appears that pianists represent their own style 

best, and are more accurate at making predictions when observing their own output than the 

output of others (Keller et al., 2007). This suggests that musicians similar to interlocutors in 

speech, use simulation to generate accurate turn-end predictions; in this study we directly 

compare turn-taking across music and language investigating whether simulation is used to 

facilitate turn-taking across music and also language. 

We investigated whether people predict the timing of their own utterances and musical 

performances more accurately than those recorded from other people. In session 1, we recorded 

30 pianists playing 60 melodic phrases on a MIDI keyboard, and reciting 60 utterances. In session 

2 (three months later), we recorded the pianists playing a further set of 60 melodies and 60 

utterances. In session 3 (a further three months later), we presented the pianists with their own 

recordings, the recordings of one participant judged similar, and of one participant judged 

dissimilar in style. Two independent raters listened to a sub-set of phrases and sentences from 

each participant and subjectively selected the most similar and dissimilar participant. Participants 

were asked to predict the end of the melodic phrases and utterances and respond either by 

pressing a button, or by producing a verbal/musical response. This manipulation was included to 

explore whether turn prediction accuracy changes when simply asked to predict an end (as is the 

case in many studies investigating turn-taking) or when asked to predict and produce a response 

(which is arguably a more ecologically valid investigation). 

Results suggest that there are no significant differences between responses to recordings six 

months prior and three months prior to testing, which suggests that predictions were not reliant 

on memory of production. Analyses suggests that people were more accurate at predicting their 

own turn-ends than when predicting turn-ends when the stimuli was produced by the similar and 

dissimilar participants. There was a difference between response type, with participants taking 

significantly longer to respond when using the button press than when producing a response, 

which is surprising as one would assume it would be more difficult to predict and produce a 

response than to simply predict a turn-end. However, there was a significant interaction between 

the language and the music with participants being more accurate at predicting the turn-end of 

the utterances using the button press than when asked to produce a verbal response (which is 

what one would expect), though the opposite pattern was observed for music with participants 

taking significantly longer to predict musical turn-ends using a button press than when producing 

a musical response. 

These findings suggest that prediction accuracy may be dependent on the idiosyncrasies of one’s 
own experience which provides support for the prediction-by-simulation account of turn-taking. 

Furthermore, it appears that this finding crosses both language and music which suggests that 

mechanisms involved in turn-end prediction may cross these domains. However, there may be 

some difference between musical and linguistic interactions in terms of production, an area which 

requires further exploration. 
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Gender agreement processing: inflectional endings and stereotypes 
Natalia Slioussar (HSE, Moscow, & St.Petersburg University) & Anastasia Generalova (HSE, 
St.Petersburg) 
slioussar@gmail.com 
 
Russian has three genders (M, F and N). The gender of the noun cannot be unambiguously 
determined from its inflectional affixes (although there are some clear tendencies), but becomes 
evident from agreeing adjectives, participles and verbs. Like many other languages, Russian 
faces the following problem: many nouns denoting professions are grammatically M. How to call 
a female director or a female author? In Russian, two routes are available. 
Firstly, a corresponding grammatically F noun can be formed (e.g. zhurnalist ‘journalistM’ – 
zhurnalistka ‘journalistF’, uchitel’ ‘teacherM’ – uchitel’nica ‘teacherF’). Unlike German, where the -
in suffix can be applied to any relevant noun, and like French, Russian uses a variety of suffixes 
to form such nouns, and many M nouns denoting professions do not have an established F 
counterpart at all. Secondly, Russian has so-called common gender, and an originally M noun 
can be used with M and F agreeing forms (nash / nasha vrach ‘ourM / ourF doctor’). This route is 
available for any noun denoting profession (but, interestinly, not to most other noun groups). 
This study focuses on the second option. We conducted a self-paced reading experiment 
comparing word-by-word reading times for the sentences in two groups: group 1 with subject 
nouns denoting professions that can be used as common gender nouns, as in (1a-b), and group 
2 with subject nouns denoting personal qualities, like in (2a-d). In the latter case, there is always 
a M and a F noun, common gender is impossible, and (2b) and (2d) contain an agreement error. 
We wanted to compare the processing of such errors to the processing of (1b) — the sentence is 
grammatical, but the subject noun is originally M and has zero inflection typical for M nouns, so 
the readers might react to that. Group 1 had two subgroups, A and B: with professions that are 
perceived as stereotypically female (e.g. pediatr ‘pediatrician’, as in (1)) or male (e.g. mjasnik 
‘butcher’). Stereotypical norms for Russian were taken from (Garnham, Yakovlev 2015).1 
Participants were 62 native Russian speakers. We had 32 stimulus sentence sets (16 per group, 
group 1 ‘Professions’ had two subgroups A/B and two conditions, group 2 ‘Qualities’ had four 
conditions, as in (1)-(2)). Two factors were manipulated: (i) whether the gender of the predicate 
coincides with the (original) gender of the subject and (ii) whether the subject is M or F (in group 
2). All sentences had the same structure. We also had 64 grammatically correct filler sentences. 
Average RTs in different conditions are presented on Fig. 1. We used RM ANOVAs (by 
participants and by items) for the statistical analysis. Factor I was found to cause significantly 
smaller RT differences in the group 1A (stereotypically female professions) than in the group 1B, 
and in the group 1B than in the group 2. Thus, the idea that every noun denoting profession, even 
the most stereotypically male one, can be used to refer to a woman, is already present in the 
mental grammar of Russian speakers. If the profession is perceived as a stereotypically female, 
there is virtually no reaction to the surface mismatch between the common gender noun that is 
originally M (and ‘looks M’ due to its inflection) and the predicate. This is an interesting addition 
to the gender-to-ending consistency literature (e.g. Caffarra et al. 2015).  
In the group 2, reaction to agreement violations was significantly more pronounced for M subjects 
than for F ones. This resonates with earlier findings by (Akhutina et al. 1999, 2001; Romanova & 
Gor 2017; Slioussar & Malko, 2016; Slioussar 2018) who noted that agreement errors with M 
nouns cause larger effects than the ones with F or N nouns. This can be explained by the M 
gender being unmarked (although see Slioussar & Malko, 2016 for some interesting details).  

                                                
1 This study also analyzed reading times for sentences with Russian nouns denoting professions, 
but only whole-sentence reading times were recorded. 
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(1) a. Pediatr byl obespokoen  iz-za objavlenija karantina.    b. Pediatr byla… 
 pediatricianM/F wasM worriedM  because of the quarantine  pediatricianM/F wasF  
(2) a. Intrigan byl ostorozhen v etom voprose.    b. *Intrigan byla… 
 intriguerM wasM cautiousM in this question   intriguerM wasF   
(2) c. Intriganka byla ostorozhna v etom voprose.    d. *Intriganka byl… 
 IntriguerF wasF cautiousF in this question   intriguerF wasM  
 

 
 
Fig. 1. Average RTs (in ms) per region (word) in different conditions.  
 
Akhutina T., Kurgansky A., Kurganskaya M., Polinsky M., Polonskaya M., Larina O., Bates E., 
Appelbaum M. 2001. Processing of grammatical gender in normal and aphasic speakers of 
Russian. Cortex, 37, 295–326. 
Akhutina T., Kurgansky A., Polinsky M., Bates E. 1999. Processing of grammatical gender in a 
three-gender system: Experimental evidence from Russian. Journal of Psycholinguistic 
Research, 28, 695–713. 
Caffarra S., A. Siyanova-Chanturia, F. Pesciarelli, F. Vespignani, C. Cacciari. 2015. Is the noun 
ending a cue to grammatical gender processing? An ERP study on sentences in Italian. 
Psychophysiology, 52, 1019–1030. 
Romanova N., Gor K. 2017. Processing of gender and number agreement in Russian as a 
second language. Studies in Second Language Acquisition, 39, 97–128. 
Slioussar N. 2018. Gender, declension and stem-final consonants: An experimental study of 
gender agreement in Russian. Computational Linguistics and Intellectual Technologies, 17, 688-
700. 



Long filler-gap dependencies can make a main verb analysis less tempting   
Brian Dillon (University of Massachusetts, Amherst) 
brian@linguist.umass.edu  
Race models of syntactic processing claim that the human sentence processor adopts the first 
available syntactic analysis [e.g. 1-4]. Though details vary, these models hold that multiple 
parses compete for selection at points of (incremental) ambiguity, and the parse that becomes 
available most quickly is selected as the ultimate analysis. However, there is little direct 
evidence for this claim. We provide a novel test of this claim by investigating sentences like (1).  

(1) [SHORT]: I’m not sure which treasure the pirate noticed at the beach found. 
[LONG]: I’m not sure which treasure the gnarly old captain said that the pirate noticed 
at the beach found. 

In (1), noticed is temporarily ambiguous between a main verb (MV) reading and a reduced 
relative clause (RRC) reading. Since comprehenders immediately associate unassigned fillers 
to potential gap sites [5], an incremental MV parse of the sentence up to noticed involves the 
retrieval and integration of the filler which treasure. An RRC analysis (e.g. the pirate who was 
noticed…), however, can be computed without retrieving the filler. For this reason, the time it 
takes to compute a MV parse in these examples depends on the time it takes to retrieve and 
integrate the filler at the ambiguous verb noticed, while this is not true for the RRC parse. 

Importantly, increasing the distance between a filler and its gap has been shown to 
increase the time required to fully process a filler-gap analysis [5,6]. In (1), this puts a MV 
analysis at a relative disadvantage in the LONG condition, because the parser may need more 
time to retrieve and successfully integrate a more distant filler phrase [5,6]. This should make 
the MV analysis slower to compute in the LONG condition, making an RRC analysis of noticed 
in this condition relatively more competitive. Thus if syntactic ambiguity is resolved by adopting 
the analysis that is computed most quickly, a garden-path effect at the disambiguating verb 
found should be smaller in the LONG condition than in the SHORT condition, because 
comprehenders will be more likely to select the (ultimately correct) RRC analysis initially. 
 We test this prediction in three pre-registered experiments. Experiments 1a (original) + b 
(confirmatory replication) test this using a speeded acceptability judgment design (both NSUBJ = 
32; NITEM = 28; native American English speakers recruited on Prolific Academic). We measured 
speeded acceptability judgments to AMBIGuous sentences like (1), as well as UNAMBIGuous 
counterparts created by inserting who was before the ambiguous verb noticed. Results are 
shown in Table 1. We found that ambiguity impacted acceptability judgments to a much greater 
degree in SHORT conditions than in LONG conditions; this pattern was replicated in the 
confirmatory replication. This is initial evidence that comprehenders are more strongly garden-
pathed in the SHORT conditions than in the LONG conditions, confirming our prediction. In 
addition, we saw a main effect of length, due to the increased complexity of LONG conditions. 
 In Experiment 2, we tested the same conditions in a self-paced reading experiment 
(NSUBJ = 60; NITEM = 24). To avoid wrap-up effects, we added spillover regions to the stimuli from 
E1a/b. We found a significant slowdown at the point of disambiguation. This garden path 
penalty was significantly reduced for LONG conditions at the spillover +2 region. At the 
ambiguous region noticed, the LONG filler-gap dependencies were associated with longer RTs 
than the SHORT dependencies, which might reflect increased difficulty in completing the filler-
gap dependency [5], or the difficulty of accessing the reduced relative clause analysis [6].   
 In sum, we found that longer filler-gap dependencies led to smaller garden path effects 
when an ambiguous string is disambiguated to the dispreferred RRC structure. We interpret this 
result as evidence that an MV analysis of an ambiguous verb can be made relatively costly to 
compute by making the filler it relies on more distant, because this increases the time needed to 
successfully integrate the filler at its gap site. We take this as support for race-based models of 
syntactic processing, and evidence that at least part of the robust MV advantage in ambiguity 
resolution is rooted in how quickly/easily the parser can compute the main verb analysis [1-4].  
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(1) [SHORT-AMBIG]: I’m not sure which treasure the pirate noticed at the beach found. 
(2) [SHORT-UNAMBIG]: I’m not sure which treasure the pirate who was noticed at the 

beach found. 
(3) [LONG-AMBIG]: I’m not sure which treasure the gnarly old captain said that the pirate 

noticed at the beach found. 
(4) [LONG-UNAMBIG]: I’m not sure which treasure the gnarly old captain said that the 

pirate who was noticed at the beach found. 
 

Condition % Yes (1a/1b) RT (1a/1b) 
SHORT-AMBIG .38 / .44 933 (61) / 875 (60) 

SHORT-UNAMBIG .70 / .80 717 (30) / 695 (32) 
LONG-AMBIG .41 / .45 859 (43) / 830 (47)  

LONG-UNAMBIG .53 / .63 791 (46) / 762 (41) 
Unacceptable fillers .26 / .31  

Table 1: Percent yes/RT to correct responses for all four conditions, plus bad fillers, in 
Experiments 1a/b. Maximal logistic LMERs revealed a significant interaction of ambiguity and 
length on accuracy in both experiments (t = -2.56; t = -3.27, respectively). No consistent, reliable 
effects on RT were observed across experiments, but in both experiments the ambiguity penalty 
on RTs was more than twice as large in SHORT conditions as in LONG conditions. 

 
Figure 1: Mean reading times (ms) by condition by region. Error bars represent standard error 
by participants, corrected for between-participant variance. Maximal LMERs on log RTs 
revealed a significant effect of ambiguity at the critical region and spillover regions, qualified by 
an interaction of length and ambiguity (t = -3.25) at the 2nd spillover region, and a marginal 
interaction in log RTs at the critical region (t = -1.89). At the ambiguous verb noticed, an 
interaction with the opposite sign was observed (t = 2.16). 
 
[1] Frazier, L. (1979). PhD Thesis. [2] Traxler, M., Pickering M., & Clifton, C. (1998). Journal of 
Memory and Language. [3] van Gompel, R., Pickering, M., & Traxler, M. (2000). Reading as a 
perceptual process. [4] Logacev, P. & Vasishth, S. (2016). Cognitive Science. [5] Phillips, C., 
azanina, N., & Abada, S. Cognitive Brain Research. [6] Wagers, M. & Phillips, C. (2014). QJEP. 
[6] Groder, D., Gibson, E. & Tunstall, S. (2002). Journal of Memory and Language.  
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Fine-grained gender typicality systematically modulates anaphora resolution: Evidence 
from eye movements 
Vishal Arvindam (New York University) & Brian Dillon (UMass Amherst), arvindam@nyu.edu 
Introduction: Prior work[1-3] has shown that comprehenders are sensitive to gender typicality, or             
the likelihood that a role noun (e.g., nurse ) is associated with male or female referent, during                
anaphora resolution. Specifically, comprehenders incur a processing cost when reading          
anaphors that mismatch the gender typicality of their antecedents (e.g., reading himself            
following nurse ). Surprisal theory leads us to expect that comprehenders have precise            
estimates of a word's probability in context, even at the low end of the probability range [4]. This                 
view can explain sensitivity to gender mismatch on anaphora as unexpected wordforms given             
referential context, but the model makes the stronger prediction: that the mismatch effect should              
be fully continuous across the range of gender typicalities. Previous work[5] that manipulated a              
fully gradient sample of typicalities with gender marked (e.g., him, her) and neutral pronouns              
(i.e., singular they) did not find any reliable effect of typicality. The current study extends this                
work by using reflexives, to disambiguate the referent, and eye-tracking, for greater temporal             
resolution. In doing so, we test the strong prediction of a surprisal based view.  
Methods: 42 college-aged adults (Mage= 19) estimated the extent to which a role noun consisted               
of women and men (i.e., the ratio) on an 11-point rating scale ranging from 0% women and                 
100% men on one end to 100% women and 0% men on the other. From these norms, 30                  
frequency matched nouns were selected that ranged in typicality from being male (0.0) to              
female (1.0) in increments of 0.05 (Figure 1). Two nouns were chosen for each point on this                 
continuum. In addition, 15 definitional nouns (e.g., boy) were included at either end of the               
continuum for a total of 45 items. We monitored participants’ eye-movements (N = 48, Mage= 21)                
as they read sentences similar to “The nurse embarrassed /himself/Critical /while/Spillover ..”, which             
manipulated the gender typicality of the antecedent (0.0 female - 1.0 female) and the reflexive pronoun              
(himself/herself/themselves). If readers are sensitive to graded gender typicality, we expected           
reading times at the reflexives to covary with gender typicality. Log-transformed reading times             
were analyzed using a linear mixed effects (LME) model with gender typicality as a fixed-effects               
factor and participant and item as random-effects. For himself and herself, gender typicality was              
used a linear predictor, but for themselves, gender typicality was also used as a quadratic               
predictor since we expected themselves to be harder with more strongly biased antecedents in              
either direction. The effect of gender typicality is presented for first fixation, first pass, and               
go-past times at both the critical and spillover regions. The results from the LME effects model                
are presented in Table 1, and the data are visualized in Figure 2.  
Results: At first fixation, first pass, and go-past measures for himself and herself, gender              
typicality significantly modulated reading times. We also saw a sharp increase in reading time              
for mismatched definitional nouns, starting at the first fixation for himself, and in go-past times               
for herself. For themselves, there was a reading time slow down across all levels of typicality.                
However, in go-past at the spillover, gender typicality, when used as a quadratic predictor,              
significantly modulated reading time on themselves. The data reveal that comprehenders are            
immediately sensitive to fine-grained gender typicality during anaphora resolution. The sharp           
increase in reading times for definitional nouns suggests an additional penalty for mismatching             
in definitional gender above and beyond stereotypical gender mismatch. In the case of             
themselves, although readers incur an early cost, they overcame it when the antecedent had no               
gender bias, suggesting themselves was recognized as a gender neutral-pronoun for singular            
antecedents in online processing, albeit at a delay.  
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Figure 1: Sample of nouns ranging in gender typicality from 0.0 (male) to 1.0 (female) in increments of 0.05.  
Nouns beyond 0.85 and less than 0.15 were not included as they were rarely estimated by participants. 

 
 
 
 
 
 
Figure 2: Mean first 
fixation, first pass, and 
go-past at the critical  and 
spillover regions grouped 
into bins by bias. ‘0’ 
indicates nouns that are 
definitionally male (e.g. 
boy) and ‘1’ indicates 
nouns that are 
definitionally male (e.g. 
girl) with nouns that 
increase in typicality from 
male to female in 
between. The error bars 
are the standard error of 
the mean by items within 
each bin. 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Summary of LME 
coefficient estimates, 
standard errors (in 
parentheses) and associated 
t-values for first fixation, first 
pass, and go-past reading 
times at the critical region and 
spillover.  Signif.  codes:  0 *** 
0.001 ** 0.01 * 0.05 . 0.1 ‘ ’ 
 

 
References: [1] Kreiner, H., et al. 2008. JML , 58 (2), 239-261. [2] Duffy, S.A, & Keir, J.A, 2004. Cognition, 32(4), 
551-559. [3] Kennison, S.M., & Trofe, J. L. J Psycholinguist Res. [4]  Smith, N. J., & Levy, R, 2013. Cognition, 128 (3), 
302-319. [5] Boyce, V., et al., 2018. Poster at CUNY 2018, Davis CA 
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Pragmatic relativity: Eye-tracking reference resolution in Catalan, Hindi, Hungarian and 
Wolof 
Paula Rubio-Fernandez (MIT) & Julian Jara-Ettinger (Yale) 
prubio@mit.edu 

Most eye-tracking studies on adjective interpretation have been conducted in English 
(e.g., Sedivy, 2003, 2005; Aparicio et al., 2017), yet most world languages have postnominal 
modification, unlike English (Dyer, 2013). We used the Visual World paradigm to investigate 
how adjective position affects (i) the visual search for a referent and (ii) the pragmatic processes 
underlying reference resolution. We compared the processing of modified definite descriptions 
using color, material and scalar adjectives (e.g., ‘The black lamp’) across two languages with 
prenominal modification (PreN: Hindi and Hungarian) and two with postnominal modification 
(PostN: Catalan and Wolof). Samples were collected in the original countries (India, Hungary, 
The Balearic Islands and The Gambia, respectively), spanning four language families (Indo-
Aryan, Finno-Ugric, Romance and Niger-Congo) and including languages with and without a 
written tradition (Hindi, Hungarian and Catalan vs. Wolof). 
 We tested two hypotheses (N=28 per language): first, since language is processed 
incrementally and efficiently (Eberhard et al., 1995; Spivey et al., 2001), we predicted that 
speakers of PreN languages would establish referential contrast across categories (e.g., black 
objects > lamp), whereas speakers of PostN languages would establish referential contrast 
within a category (lamps > black one; see Fig.1). This means that, in the 0-Competitor condition 
(0C), the visual search for the referent would be guided by the adjective in PreN languages, but 
by the noun in PostN languages; and therefore, in 1C, only PreN speakers would suffer 
interference from the property competitor (see Fig.1). As predicted, PreN speakers revealed a 
difference between 0C and 1C (Hindi: 7.2% increase in Target fixations in 0C vs 1C during the 
NP window; 95% CI: 3.9%-10.4%; Hungarian: 8.4% increase; 95% CI: 6%-10.6%), unlike PostN 
speakers (Catalan: .08% increase; 95% CI: -1.9%-1.9%; Wolof: 0.6% increase; 95% CI: -1.4%-
2.6%). Further analyses confirmed that the property competitor caused the interference in 1C 
(see Fig.2). 

Second, we used the ‘Sedivy paradigm’ to investigate how the two language groups 
interpret adjectives contrastively: in 2C, PreN speakers could derive a contrastive inference 
when processing the adjective and anticipate the noun, whereas in 1C, they would need to wait 
for the noun to resolve the temporary ambiguity created by the adjective. Conversely, PostN 
speakers should be faster to identify the target in 1C than in 2C, where they would first consider 
the two category competitors and then use color to choose between them, hence deriving a 
contrastive interpretation but without a pragmatic inference. As predicted (see Fig.3), the 
average difference in Target fixations in 2C vs 1C was significantly different in Hindi vs Catalan 
(8.5% difference; 95% CI: 6.2%-10.5%); Hindi vs Wolof (9.9% difference; 95% CI: 7.7%-11.9%); 
Hungarian vs Catalan (8.4% difference; 95% CI: 6.2%-10.6%) and Hungarian vs Wolof (9.9% 
difference; 95% CI: 7.7%-11.9%) but comparable in languages with the same adjective position. 

Our eye-tracking results confirm that, because language is processed incrementally, 
speakers of PreN languages establish referential contrast across categories, whereas speakers 
of PostN languages establish it within a category. More importantly, adjective position also 
determines whether the contrastive interpretation of an adjective is the result of a pragmatic 
inference (PreN languages) or incremental language processing (PostN languages). Just as it 
has been argued that one of the effects of language on thought can be observed in thinking for 
speaking (Slobin, 1996; Wolff & Holmes, 2011), our results show that language structure affects 
thinking for interpreting. Thus, at the computational level – the highest level of abstraction (Marr, 
1982), reference could be characterized as a universal pragmatic function. However, the 
computational problems posed by this universal function must be solved in a language-specific 
manner, even when interpreting equivalent referential expressions in the same visual context. 
We therefore conclude that language affects pragmatic reasoning at the algorithmic level. 
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Fig.1: Sample displays from the three visual conditions in the Color Adjective condition. The 
targets were, from left to right, ‘the black feather’, ‘the black drum’ and ‘the black lamp’. Similar 
displays were constructed for Material and Scalar adjectives. 
 

 
Fig.2: Percentage of fixations on the four objects in a display over time. The grey area 
represents the average duration of the NP and the dashed line the average RT (click on target). 
 

 
Fig.3: Target advantage/ disadvantage in 2C vs. 1C for each language and adjective type. 
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ASL signers vary adjective position to maximize efficiency: A reference production study 
Paula Rubio-Fernández (MIT), Anne Wienholz (Boston U), Simon Kirby (Edinburgh U) and Amy 
Lieberman (Boston U); prubio@mit.edu 

In a recent eye-tracking study, Rubio-Fernández, Mollica and Jara-Ettinger (2017, under 
review) investigated the effect of adjective position on reference assignment and observed that 
when English and Spanish speakers looked for a blue triangle in the same visual display, 
English speakers searched for the referent by color and used shape to disambiguate the 
instruction (e.g., ‘the blue triangle’) whereas Spanish speakers searched by shape and 
disambiguated by color (e.g., ‘el triángulo azul’). Importantly, incremental processing also 
affected the degree to which redundant color adjectives were produced in the two languages, 
supporting the hypothesis that redundant color adjectives are efficient when they facilitate the 
listener’s visual search for the referent (Rubio-Fernández, 2016; Rubio-Fernández et al., 2017). 
 Here, we further tested the hypothesis that adjective position may be used to maximize 
efficiency by running a referential communication task in American Sign Language. Unlike 
English or Spanish, ASL has free adjective position (i.e. both ‘blue triangle’ and ‘triangle blue’ 
are acceptable), a grammatical feature that may allow us to see if speakers of the same 
language use prenominal or postnominal adjectives depending on their relative efficiency. As 
observed by Rubio-Fernández et al. (2017; see also, Eberhard et al., 1995; Spivey et al., 2001), 
prenominal color adjectives are an efficient visual cue, more so than in postnominal position. 
However, not all adjectives are more efficient in prenominal position. Scalar adjectives, for 
example, are interpreted in relation to a comparison class (Kennedy, 2001), which might make 
them more efficient in postnominal position since they are readily interpretable once the noun 
has been processed. It therefore follows from the semantics of relative and absolute adjectives 
and the incrementality of language processing that if ASL signers exploit adjective position for 
efficiency, they should use color adjectives prenominally and scalars postnominally (supporting 
Fukumura’s (2018) ‘discriminatory efficiency hypothesis’). Note, however, that scalars do not 
need a comparison class in the visual context (e.g., ‘big’ for a cat), so their position may vary. 
 We recruited 34 native ASL signers and presented them with a battery of 48 displays of 
4 objects, one of which was marked with an asterisk (see Fig.1). Their task was to refer to that 
object in a way that would allow a new participant in the task to uniquely identify it (even without 
the asterisk and the position of the pictures being scrambled). In order to avoid possible priming 
across trials, materials were presented in two blocks, one including color trials and the other 
scalar trials, counterbalanced in two separate lists. We excluded from analyses all responses 
that did not include both adjective and noun (21%). We used Logistic Mixed Effects Regression 
(with subjects and items as RE and maximal RE structure) to model Adjective Position 
(prenominal = 1, postnominal = 0) with Condition (color / scalar) and Order (Color-Scalar / 
Scalar-Color) as Fixed Effects. As predicted, there was a main effect of Condition (β=-3.9231, 
p<.001) with greater prenominal modification in the color condition. There was also a main 
effect of Order (β=-1.5858, p<.05): those administered the Color-Scalar order used more 
prenominal adjectives than those administered the Scalar-Color order, suggesting stronger 
carry-over effects from the color block to the scalar block than vice-versa. Given the effect of 
Order on Adjective Position, we ran an LMER model with the data from Block 1 only and found 
the same pattern across participants: there was a main effect of Condition (β=-4.5905, p<.001), 
with greater prenominal modification with color adjectives. 

These results support the hypothesis that ASL signers use their free adjective position to 
maximize the efficiency of their interlocutor’s search for a referent – similar to what has been 
observed with English and Spanish speakers. We are currently collecting production data for a 
follow-up looking at the effect of visual salience on adjective position in ASL, and also 
processing data with eye-tracking glasses to investigate how ASL signers perform a visual 
search for a referent while parsing instructions from another signer (for computer-based 
referential communication studies, see Lieberman et al., 2017; Lieberman and Wienholz, 2018). 
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Fig.1: Screen shot of the instructions video for ASL participants (top). Sample displays from the 
color condition (bottom left) and the scalar condition (bottom right). 

 
 

 
Fig.2: Percentage of Prenominal and 
Postnominal uses by Adjective Type. 

 

 
Fig.3: Percentage of Prenominal and 

Postnominal uses by Block Order. 

 

 
Fig.4: Percentage of Prenominal and Postnominal adjectives in Block 1 (between participants). 
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Perspective taking in newly-sighted kids: Do they orient towards an interlocutor’s face? 
Paula Rubio-Fernández (MIT), Vishakha Shukla (Shroff Hospital), Shlomit Ben Ami (MIT), 
Chetan Ralekar, Ashwini Vaidya (IIT), Michelle Oraa Ali and Pawan Sinha (IIT); prubio@mit.edu 

Project Prakash was launched in 2005 with a humanitarian and a scientific mission: 
alleviate the problem of child blindness in India, and study brain plasticity (or how the brain 
learns to see after years of visual deprivation). In collaboration with Project Prakash, we have 
recently started to investigate the pragmatic abilities of newly sighted children. In our first study, 
we investigated Prakash children’s perspective-taking abilities in referential communication, 
starting with their natural orientation towards an interlocutor’s face. We investigated this 
question during naturalistic interaction (Exp 1) and more controlled conditions (Exp 2). 
 The Prakash children in this study (7F/5M, mean age: 11.3; range: 7-15) all suffered 
from early-onset profound visual deprivation due to congenital dense bilateral cataracts, 
considerably occluding their sight and leaving them with the ability to perceive motion and color 
and to resolve some fine visual detail only in the near space. All were defined as legally blind 
prior to surgery, with near visual acuity ranging from 20/535 to 20/3251 and markedly improving 
after surgery (ranging from 20/183 to 20/846 at the time of the second experiment). Our first 
experiment was a referential communication task: we tested 12 Prakash children in pairs and 
had them select their favorite toy in an array and communicate their choice to their partner. 
While not our main aim, we observed that the Prakash children made less fixations on their 
interlocutor’s face than the neurotypical controls. Of the 6 Prakash children who got to wear eye-
tracking glasses, we observed that they made an average of 11 fixations on their listener’s face 
(as they spoke) and 10 fixations on the speaker’s face (as they listened; average task duration: 
10min). The 4 control children who got to wear the glasses (data collection ongoing) made an 
average of 13 fixations on their listener’s face and 27 on the speaker’s face (average task 
duration: 7min). Given this difference, we ran a follow-up manipulating perceptual cues. 
 It is well known that both children and adults follow gaze to disambiguate reference 
(Hanna & Brennan, 2007; Brennan et al., 2008; Csibra & Volein, 2010; Macdonald & Tatler, 
2012), so we wanted to directly investigate whether the Prakash children would do the same. 
For this purpose, we designed a task where children could make use of various perceptual cues 
to disambiguate an instruction (‘Could you give me that one?’ – from a line of 3 rolls of red tape 
placed between the child and the Experimenter): Head orientation + Voice direction, Head 
orientation + Pointing, Head orientation only, and Gaze only (presented in that order for 
increasing difficulty). The Experimenter looked at the target object in all four conditions and, 
except for the first condition, she made the verbal request looking at the child before providing 
the disambiguating cue(s). Because the task was administered right after surgery (among earlier 
and later test points), the task was kept short (1 warm-up trial + 8 experimental trials, 2 per 
condition; EXP DATA in Figs. 1-7). At the end of the last testing session (4- and 10-month 
Follow-up for each cohort), the Experimenter collected control data by asking the child: ‘Look at 
my face, where am I looking now?’ and shifting her gaze (6 trials; CONTROL DATA in Figs.1-7). 

As expected, children found the last two conditions (Head only and Gaze only) the 
hardest, clearly benefitting from voice direction and pointing. Interestingly, however, children 
were better at following the Experimenter’s gaze in the control trials than in the experimental 
conditions (see Figs. 1-7), suggesting that they required prompting to look towards the 
Experimenter’s face. By contrast, the 11 neurotypical controls (matched by age and gender) 
were at ceiling in all conditions. The percentage of time children fixated on the Experimenter’s 
face (see Figs. 8-11) confirmed that the Prakash children (especially the July group, who had 
lower vision pre-op) did not naturally orient towards the Experimenter’s face. 

Gaze following is seen as a basic mechanism in the development of both language and 
pragmatics (Brooks & Meltzoff, 2002, 2005; cf. Akhtar & Gernsbacher, 2008). However, the 
results of our first referential communication study with Prakash children suggest that after years 
of visual deprivation, orienting towards an interlocutor’s face may not come naturally. 
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Enhanced peripheral lexical processing in deaf individuals: perceptual or linguistically 
driven? 
Emily Johnson, Elizabeth Schotter (University of South Florida), & Amy Lieberman (Boston 
University) 
eschotter@usf.edu 

Recent research suggests that skilled deaf readers have a wider perceptual span, and 
can perceive more information from upcoming words allowing them to process text more 
efficiently than their reading-level matched hearing counterparts (Bélanger, Slattery, Mayberry, 
& Rayner, 2012; Bélanger & Rayner, 2015). We investigated whether superior visual processing 
abilities potentially explain why these skilled deaf readers are so successful. Research shows 
that Deaf signers are better able to process peripheral dot stimuli (Bavelier, Brozinsky, Tomann, 
Mitchell, Neville, & Liu, 2001; Dye, Baril, & Bavelier, 2007; Neville & Lawson, 1987), but no 
studies have addressed their ability to process linguistic information in the periphery, outside of 
reading tasks. To bridge this gap, we conducted three experiments to determine whether 
enhancements to perception extend to ASL stimuli. We tested whether real linguistic stimuli 
(i.e., signs or fingerspelled words) allow deaf signers to use lexical knowledge to facilitate 
perceptual processing in the far periphery. We hypothesized that signers would show a sign 
superiority effect, similar to the word superiority effect (e.g., Wheeler, 1970) relative to non-
signers. Evidence of a word superiority effect would be if discrimination of a middle letter were 
better when embedded in a real word fingerspelling sequence than a nonword (e.g., B-O-Y 
compared to Y-O-B), and a sign superiority effect would be if discrimination of a sign component 
(e.g., handshape) were better when the stimulus was a real sign (i.e. claw handshape in 
“WANT”) than if it was not (i.e., contained unfamiliar combinations of handshape, orientation, 
and motion; an invalid alteration of WANT where the claw handshape moves in reverse).  

In three experiments, we tested the ability to process stimuli in the near and far 
periphery. Participants fixated the signers’ face and performed recognition or discrimination 
tasks for manual signs. In Exp 1 stimuli were static pictures of ASL letters flashed for 400ms; we 
compared the abilities of deaf signers (n = 22) and hearing signers (n = 47) to identify them via 
free response and predicted that deaf signers would outperform hearing L2 signers. In Exp 2 & 
3, stimuli were 500ms long videos of a signer. We compared the ability of deaf signers (n = 29) 
and hearing non-signers (n = 25) to identify the middle letter of a fingerspelled three-letter 
English word or non-word (Exp 2), or the handshape of a ASL sign or non-sign (Exp 3) via a 
two-alternative forced choice response. Of particular interest is the pattern of data comparing 
meaningful stimuli to nonsense stimuli in Exps 2 & 3. We predicted a word/sign superiority effect 
that would lead to enhanced performance for real words and real signs among deaf participants 
only, and that this word/sign superiority effect might be particularly evident at the far periphery.   

As predicted, in all experiments, deaf signers outperformed hearing participants (all ps < 
0.001) and performance was always better in the near than in the far periphery (all ps < 0.05). In 
Exp 1, hearing signers’ ASL proficiency also predicted accuracy (p < 0.05), showing the 
contribution of language knowledge to peripheral perception. There was no interaction with 
eccentricity in Exp 1, but there were in Exps 2 & 3 (both ps < .005) suggesting a linguistic 
processing enhancement only for linguistically rich peripheral stimuli, not isolated handshapes in 
static images. Although there was no word superiority effect in Exp 2 (p = 0.67), there was a 
sign superiority effect in Exp 3 (p < 0.001). These results suggest that deaf signers become 
particularly adept at identifying information in the periphery when the task (1) contains dynamic 
linguistically meaningful information and (2) resembles real world processing demands. This 
superior ability to process linguistic information in the periphery in ASL may underlie the 
superior peripheral processing abilities that allow skilled deaf readers to process text efficiently 
when reading English.  
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Bélanger, N.N., & Rayner, K. (2015). What eye movements reveal about deaf readers. Current 
Directions in Psychological Science, 24, 220-226. 

Bélanger, N.N., Slattery, T.J., Mayberry, R.I., & Rayner, K. (2012). Skilled deaf readers have an 
enhanced perceptual span in reading. Psychological Science, 23, 816-823. 

Bavelier, D., Brozinsky, C., Tomann, A., Mitchell, T., Neville, H.J., & Liu, G. (2001). Impact of 
early deafness and early exposure to sign language on the cerebral organization for motion 
processing. Journal of Neuroscience, 21, 8931–8942. 

Dye, M.W.G., Baril, D.E. & Bavelier, D. (2007). Which aspects of visual attention are changed 
by deafness? The case of the Attentional Network Test. Neuropsychologia, 45, 1801-1811. 

Neville, H.J. & Lawson, D.S. (1987). Attention to central and peripheral visual space in a 
movement detection task: an event related potential and behavioral study. II. Congenitally 
deaf adults. Brain Research, 405, 268–283.  

Wheeler, D.D. (1970). Processes in word recognition. Cognitive Psychology, 1, 59-85. 
 

 

 
 
 
 
 
 
 
 

           

0.5

0.6

0.7

0.8

0.9

1.0

0.4 0.5 0.6 0.7 0.8 0.9 1 Deaf
Proficiency

Ac
cu

ra
cy

Hearing
Status

Deaf

Hearing

Eccentricity
●

●

Far

Near

Identification Performance in Experiment 1

Figure 2. Accuracy of 
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nonword sequences as a 
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Figure 1. Accuracy of 
letter identification for 
hearing participants (n = 
47: open circles) and 
deaf participants (n = 22: 
open triangles) in 
Experiment 1 as a 
function of proficiency in 
ASL (trend line for 
hearing participants only) 
and hearing status (filled 
triangles are the mean for 
deaf participants). 



Overspecifying state information in the production of referring expressions 
Megan Parker and Daphna Heller (University of Toronto) 
megan.parker@mail.utoronto.ca 
When speakers choose a referring expression for an object, they may include different amounts 
of information and types of properties. For example, when referring to a door that is big, brown, 
and open, a speaker can say the door, the big brown door, or the open door; all could potentially 
allow an addressee to identify the intended object. It has been observed that speakers usually 
follow Grice’s (1975) maxim of quantity and include the minimal amount of information. But not 
always: speakers have also been shown to include unnecessary information that does not serve 
to differentiate the intended referent from other objects in the context, a phenomenon known as 
overspecification [1]. Some modifiers, such as scalar adjectives (e.g., long, small), are rarely 
overspecified, whereas others, most notably color modifiers, are overspecified at a high rate 
[2,3]. Interestingly, overspecification of color modifiers occurs at a low rate when the color of the 
referent is predictable (e.g., a yellow banana) [4]. One account suggests that speakers tend to 
overspecify properties that are atypical of the object (e.g., a blue banana) [5]. Here we ask 
whether this logic extends to state modifiers (e.g., dirty/clean, open/closed), examining whether 
state information will be overspecified for objects in atypical states. A secondary question is 
whether overspecification is more likely when the context requires producing a (different) 
modifier (and thus speakers are already planning a modifier), or when no modifier is needed. 
Method. In a referential communication task in a lab setting, participants performed the role of 
director, with the experimenter as the addressee. On each trial, four images appeared and one 
was highlighted (1); participants were asked to instruct the addressee to click on the highlighted 
image. We had a 2x2 design. STATE manipulated the state of the target object (e.g., an open vs. 
a closed door). States were classified as (un)marked by 7 individuals; see Table 1. CONTEXT 
manipulated whether the target was the only object of this nominal category (singleton), or 
whether it appeared along a second, identical image contrasting in size (pair). This was done to 
examine whether the requirement for another modifier raises or reduces the likelihood of 
overspecification. The experiment consisted of 148 experimental items as well as 74 fillers.  
Results (n=32). Trials in which the participant was under-informative or provided an incorrect 
object label were eliminated (6%), resulting in a total of 4434 usable trials. Our first analysis 
concerns the rate of state modifiers – all cases of overspecification – across the four conditions 
(Table 2). A mixed-effects logistic regression model with state (marked vs. unmarked) and 
context (singleton vs. pair) as predictors revealed, first, a significant main effect of state (z = -
9.69, p < .001); speakers produced significantly more overspecifications for marked states 
(21%) than unmarked states (1%). The main effect of context was also significant (z = -3.25, p = 
.001), indicating that the production of unnecessary modifiers is more likely when speakers do 
not need to produce another modifier that is required for referential success (the interaction was 
not significant, p = .58). We also examined markedness by individual object (an example is 
given in Table 3). For most objects, the marked state was the one overspecified, but for some, it 
was the state generally classified as unmarked that was mentioned. For example, open was 
mentioned for several objects, but for laptop and eye, closed was mentioned. Similarly, for some 
objects both states of empty and full were mentioned (e.g., jar, wine glass), and for others only 
one of the two adjectives was ever mentioned (e.g., empty for egg carton). 
Conclusions. We find, first, that objects in atypical states indeed elicit overspecification of state 
modifiers. While some states were overall marked and thus overspecified more, the pattern 
seems to depend on the particular object. Second, we demonstrate that overspecification is 
more likely when another modifier is not being planned. We note that the rate of 
overspecification of state for marked states (21%) is much lower than previously observed rates 
for color (Sedivy, 2005: ~40%; Brown-Schmidt & Konopka, 2011: 78%). This may relate to 
findings from visual memory [6], where an object’s color was forgotten more quickly than its 
state, suggesting that color properties are not initially bound to the object representation, 
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whereas state information is more unified with the object identity. We propose that the same 
representations play a role in how likely properties are to be encoded in referring expressions. 
 

	
Figure 1. Example experimental displays with an object in  
two different states (open vs. closed) and in two different  
contexts (singleton vs. pair). 
 

empty egg carton jar wineglass hamper garbage  shopping cart 
29% (4/14) 13% (2/15) 6% (1/16) 0 0 0 

full shopping cart garbage  jar hamper wineglass egg carton 
19% (3/16) 8% (1/12) 7% (1/15) 7% (1/14) 6% (1/16) 0 

Table 3. Rates of overspecification for modifiers empty and full. 
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Marked  Unmarked Number 
of items 

Open Closed 50 
Broken/ripped Whole 22 
Dirty Clean 19 
Bent/ curved Straight 18 
Sliced Unsliced 9 
Folded Unfolded 8 
Empty  Full 6 
Peeled Unpeeled 6 
Rolled Unrolled 4 
Wet Dry 4 
Tied Untied 2 
Table 1. Markedness classification of state pairs 
 
 Marked Unmarked  
Singleton 24% 1% 13%         
Pair 18%         0.5%            9% 
 21%         1%             11% 
Table 2. Rates of overspecification of state 
modifiers. 
 



Evaluating truth: Experimental evidence from appositives and conjunctions
Margaret Kroll & Amanda Rysling (University of California, Santa Cruz)
margaretkroll@ucsc.edu

Introduction Appositives, such as the first clause in (1), contribute not-at-issue (NAI) content. 

First Clause Second Clause

(1) Appositive: The square, which is next to the filled triangle, is dark blue

(2) Conjunction: The square is next to the filled triangle and is dark blue

Researchers have observed that, as NAI content, appositives show distinct processing 
properties from at-issue content. For example, it has been argued that they draw from separate 
working memory resources than their surrounding at-issue content (Dillon et al., 2014, 2017). 
Appositives also generally contain secondary information, and therefore do not contribute to 
resolving the Question under Discussion (QUD) (Ginzburg, 1996; Roberts, 1996/2012; Simons 
et al., 2010). Researchers debate whether appositives, as NAI content, contribute their truth 
conditions to their containing sentence. Potts (2005) influentially proposed that appositives are 
composed semantically separately from their containing sentence, and therefore do not 
contribute their semantic truth conditions to it. Recent experimental evidence (Syrett & Koev, 
2015), however, has provided support for an opposed view in which appositives contribute their 
truth conditions to their containing sentence in a manner similar to conjunctions, e.g. (2), but 
with a different update potential on the discourse context (AnderBois et al., 2010; Murray, 2010).

Experiments Three experiments directly compared sentences with appositive relative clauses 
and conjunctions. Participants judged sentences to be either true or false descriptions of simple 
shapes, and rated their confidence in their choices. All studies manipulated the first clause type 
(appositive vs. conjunction), and the truth value of both the first clause (T or F) and the second 
clause (T or F), for a 2x2x2 design. Each trial displayed a target sentence like (1) or (2) that was 
true or false relative to two common shapes shown above the sentence. The context was 
controlled by including an explicit QUD above each target sentence. Exp. 1 showed that under 
a general QUD (What can you tell me about the shapes?) participants judged sentences to be 
true only when both clauses contained true information (Fig. 1). In Exp. 2, the QUD targeted 
only the final clause (What color is the square?). Participants split on whether they behaved as 
in Exp. 1, or chose to disregard the appositive and conjunct containing the non-relevant 
information. This resulted in nearly 50% true responses when the first clause for both clause 
types was false and the second clause was true (Fig. 2). In order to rule out an interpretation of 
Exp. 2 under which participants scanned sentences without comprehending them, Exp. 3 
replicated Exp. 2 with the inclusion of a verbatim memory recognition task. High performance in 
recognition—mean response 90% (±1.02%) correct—confirmed that participants were reading 
the full sentences. Importantly, in all experiments participants treated appositives and 
conjunctions identically with respect to their effects on the truth of their containing sentence 
(Figs.1, 2, 3): while participants showed individual variation in ignoring clausal content when it 
contained QUD-irrelevant information, they were uniform in their individual strategies across 
appositive and conjunct clauses and were highly confident (Figs. 4 & 5).

Conclusion Our results suggest that comprehenders, when engaging in goal-oriented behavior, 
can selectively attend to or upweight the content of some clauses over others. These findings 
may lend further support to a view under which appositives can be stored or evaluated in 
isolation from their containing sentences (Dillon et al., 2014, 2017). However, we show that not 
only appositives were able to be backgrounded for the purposes of comprehenders' overall 
evaluation of a sentence: conjunct clauses were as well. Because conjuncts are not considered 
to contribute NAI content, this backgrounding property is best explained under accounts of 
attention-allocation and goal-directed behavior at the level of the speech act. Future research 
directions can investigate this further by looking for other environments in which at-issue content 
appears to behave in a way that has been previously ascribed only to not-at-issue content.
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Fig. 1. Experiment 1 truth judgments for 
appositives and conjunctions under general 
QUD. Error bars indicate 95% confidence 
interval. Nsub=48 Nitem=80.

Fig. 2. Experiment 2 truth judgments for 
appositives and conjunctions under specific 
QUD. Error bars indicate 95% confidence 
interval. Nsub=48 Nitem=80.

Fig. 3. Experiment 3 truth judgments for 
appositives and conjunctions under specific 
QUD, including verbatim memory task. Error 
bars indicate 95% confidence interval. 
Nsub=48 Nitem=80.

Fig. 4. Experiment 2 percentage true in False          Fig. 5. Experiment 2 percentage true in False True 
True Conjunction condition, by participant.         Appositive condition, by participant. Nsub=48, 
Nsub=48, Nitem=10.                 Nitem=10.

Selected References AnderBois, S. et al. 2010. Crossing the appositive/at-issue meaning 
boundary. Dillon et al. 2014. Pushed Aside. Potts, C. 2005. The logic of conventional implicatures. 
Roberts, C. 1996/2012. Information structure in discourse. Simons, M. et al. 2010. What projects and 
why. Syrett, K. and T. Koev. 2015. Experimental evidence.



 

Variation in the rational interpretation of slights: Gender-based microaggressions 
Bethany Gardner (Vanderbilt University) & Chigusa Kurumada (University of Rochester) 

bethany.gardner@vanderbilt.edu 
     Communication of meaning draws on a context. Listeners rely on the shared assumption that 
speakers are informative, but not more so than is necessary given their common knowledge and 
the goal of the task [1]. Still unknown is what constitutes a context and how significantly it varies 
across speakers and listeners. A mismatch in expected common ground, or what is necessary 
to be said explicitly, can lead to unintended inferences or social consequences [2]. The current 
study takes a prominent example of such case, gender-based microagressions, and examines 
how individual differences in underlying beliefs can predict derivations of slights and insults. 
     In two large-scale experiments, subjects rated their interpretations of sentences e.g., (1).  

(1) a. You are good at math.   [Neutral] or “N”  
b. You are actually good at math. [Actually] or “A” 
c. You are good at math for a woman. [For a woman] or “FW” 

These sentences are innocuous compliments for some, but while insulting or “backhanded” for 
others (“microaggressions”). These interpretive variations across listeners are not 
straightforwardly explained by traditional theories of pragmatic communication. e.g., They are 
not solely ascribable to individual differences in semantic knowledge of the adverbials (e.g., 
what “actually” or “for a woman” means) or in tendencies to derive pragmatic interpretations 
e.g., [3]. Rather, they likely arise from variations in listeners’ underlying beliefs: when one 
regards the adverbials to be not necessary given their contextual assumptions, they trigger a 
microaggression interpretation i.e., the speaker did not treat the information content (e.g., an 
addressee being good at math) to be expected. As a first step addressing this hypothesis, we 
predicted derivations of such interpretations based on a)political party affiliation, b)beliefs about 
implicit sexism, and c)subjective estimates of information amount carried by the adverbials. 
     Exp.1 (N=200) Methods: Participants rated 36 sentences (18 critical; 18 filler) such as (1) on 
politeness using a 7-point scale (1=extremely impolite, 7=extremely polite). Each sentence was 
embedded in a main clause that identified the speaker as male or female and the addressee as 
female (e.g., Tom said to Katie, “You are actually good at math”). Participants subsequently 
completed a demographic survey and the Modern Sexism Scale (MSS) survey (Table 1).  
     Exp.1 Results: Data were analyzed using a linear mixed-effect model with trial type 
(N(eutral)/A(ctually)/F(or a )W(oman)), voting behavior, and MSS as fixed effects, and item and 
participant as random effects. We found that 1) A and FW were considered less polite 
compared to N, with FW to a greater degree (Fig.1); 2) MSS predicted judgments (p<.001), with 
participants indicating higher sensitivity to implicit sexism rating FW and A trials as less polite 
(Fig.2); 3) Republicans rated FW trials as more polite than Democrats (p<.001); 4) the 
interaction between MSS and Party predicted ratings (p<.001), such that Republicans with 
higher MSS scores (=sensitive to implicit sexism) were more likely to derive microagressions. 
     Exp.2 (N=100) asked participants to rate the amount of information gained through hearing 
“Actually” and “For a woman” (Fig.4). We predicted that adverbials that change listeners’ beliefs 
about the world to a greater extent would be less likely to derive microagressions. Such 
expressions are genuinely informative. On the other hand, adverbials that do not meaningfully 
change the listener’s beliefs would be contextually redundant and more likely to trigger 
microagressions. In fact, FW and A were judged to carry less information compared to N (Fig.5), 
corroborating the finding of Exp.1 that FW and A trigger microagressions to different degrees. 
     These results present novel evidence that variations in listeners’ linguistic and non-linguistic 
beliefs combine to predict pragmatic interpretations they arrive at. Our post-hoc analyses with 
indexical features of participants (e.g., gender, age) further underscores the importance of 
socially-grounded individual variations in psycholinguistic experimentations and theory-building.  
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Table 1. Measurements: 1) Voting behaviors, 2) Implicit Gender Bias (MSS) 
Item # of 

questions 
Example Measurement 

1) Voting behavior 1 “What political party do you 
typically vote for?” 

Democrat, Republican 
(“Independent” included in the 
statistics but not plotted in Fig.3) 

2) Modern Sexism 
Scale [4] 

8 “Discrimination against women is 
no longer a problem in the US.” 

Score of agreement about the 
prominence of implicit sexism 

 
 
 

 

 

        
 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Fig.4 Example question set from Experiment 2. P(articipant)s were first presented a general description of 
a female character (Preamble 1, e.g., being a math major). Ps then rate the expected competence of the 
character (Prior). Then Ps receive a N/A/FW sentence (Preamble 2), and then rate the competence again 
(Posterior). The difference between the Prior and Posterior indexes the amount of information gained. 

[1] Grice, H. P. (1975). Logic and Conversation. [2] Clark, H. H. (1996). Using Language. [3] Niuland, M., 
Ditman, T. & Kuperberg (2010). On the incrementality of pragmatic processing: An ERP investigation of 
informativeness and pragmatic abilities. J. of Memory and Language [4] Swim, J. K., et al. (1995). Sexism 
and racism: Old-fashioned and modern prejudices. J. of Personality and Social Psych.  

Fig 2. Politeness ratings by trial type and MSS (Ex.1) Fig 1. Politeness ratings by trial type (Ex.1) 

Fig 3. Politeness ratings by trial type and 
political party affiliation (Ex.1) 

Fig 5. Difference between prior and posterior ratings 
by trial type (Ex.2). i.e., the likelihood estimates given 
before and after the critical preamble sentences. 



The (non-)influence of even’s likelihood-based presupposition  
on lexical predictability effects 

Erika Mayer, Brian Dillon, & Adrian Staub (University of Massachusetts Amherst) 
elmayer@umass.edu 

Background. Even is a sentential operator that introduces a presupposition about the likelihood 
of the proposition it modifies [4, 5, 6, 7, 1, cf. 3]. When even modifies a proposition p, it introduces 
a presupposition that p is less likely than a set of contextually supplied alternatives. The following 
example demonstrates this: 

Sentence: We even saw a shark. 
Contextually supplied alternatives: {We saw a fish, We saw a bird, We saw a crab} 

In this example, even requires its proposition, We saw a shark, to be less likely than the set of 
contextually supplied alternatives. 

Given that even provides information to readers that upcoming material will be less likely 
than relevant alternatives, the presence of even in a sentence may influence how readers process 
predictable and unpredictable sentence continuations. Lexical predictability effects on reading 
times are well-studied [2; see 8 for review]: readers spend more time reading unpredictable words 
and less time reading words that are predictable in context. In addition, previous research shows 
that comprehenders use the semantics of connectives to predict sentence continuations: in an 
ERP study, Xiang and Kuperberg (2016) found that the connective even so influenced the N400 
for coherent versus incoherent sentence continuations. If readers integrate the semantic 
contribution of even rapidly during comprehension, even’s presence may mediate the effects of 
predictability. Specifically, even’s likelihood presupposition may reduce facilitation for predictable 
words while making unpredictable words easier to process. The current study tested this 
prediction in an eye-tracking while reading study (N=47).  
Experiment. The current study was a 2 x 2 within-subjects design with factors of object noun 
phrase predictability and the presence or absence of even. To create items with high noun phrase 
predictability, we collected cloze norms for a set of sentence preambles, such as The cat chased 
a __ (N=19). This offline cloze task was used to create 40 items with highly predictable object 
noun phrases (provided by at least 40% of participants in the cloze task). These predictable noun 
phrases were then approximately matched for frequency and word length with 40 unpredictable 
but plausible noun phrase continuations. The four conditions are summarized below; the critical 
region is the object noun phrase (mouse), while the spillover region is the temporal continuation 
(last night). 

1. Predictable, no even: /The cat chased a/ mouse/ last night/, or so I heard./ 
2. Predictable, even:  /The cat even chased a/ mouse/ last night/, or so I heard./ 
3. Unpredictable, no even: /The cat chased a/ weasel/ last night/, or so I heard./ 
4. Unpredictable, even: /The cat even chased a/ weasel/ last night/, or so I heard./ 

Results. Mixed-effects models revealed significant main effects of noun phrase predictability in 
the critical region for first fixation reading times (RTs), go past RTs, and total time RTs. The 
presupposition introduced by even, then, did not eliminate or reverse lexical predictability effects: 
less predictable words were associated with slower RTs, while more predictable words elicited 
faster RTs. There is, however, weak evidence for an interaction between even and noun phrase 
predictability in later RT measures. Mixed-effects models showed a trend towards an interaction 
in go past RTs in the spillover region (p = 0.065): the mean RT for the even condition was 371.9 
ms for predictable critical words and 373.0 ms for unpredictable critical words, while the mean RT 
for the no even condition was 336.5 ms for predictable words and 403.5 ms for unpredictable 
words. There was also a trend towards an interaction in total time RTs in the critical region (p = 
0.070). For the even condition, the mean RT was 279.6 ms for predictable words and 314.5 ms 
for unpredictable words, while for the no even condition, the mean RT was 265.4 ms for 
predictable words and 336.7 ms for unpredictable words. This evidence suggests that the 

norielleadricula
Text Box
Poster Session D: Sunday, 12:05 - 2:00 PM, 
Location: Pre-Function Area, #D64



presupposition introduced by even may be computed and integrated at a later stage of semantic 
processing, too late to influence early reading time lexical predictability effects.  
Conclusion. Overall, the current study provides novel evidence that early RT predictability effects 
are not eliminated by the presence of a semantic operator signaling that upcoming material will 
be less likely or expected. Further, it provides preliminary evidence that the influence of even may 
mediate predictability effects in later stages of processing. These results are consistent with an 
account of even in which the comparison of the likelihood of the original proposition to the 
likelihood of a set of relevant alternatives occurs later in sentence comprehension. 
 
Figure 1. Mean reading times (first fixation, go past, total time) for each condition (even with 
predictable noun, even with unpredictable noun, no even with predictable noun, and no even with 
unpredictable noun) for both the critical and spillover regions. 
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Inflection and derivation in proficient L2 Arabic sentence processing 
Suzanne Freynik (American University), Kira Gor & Polly O’Rourke (University of Maryland) 
freynik@american.edu 
 
While L2 learners are less sensitive than native speakers to morphological structure in 
general (e.g., Jiang, 2007; Neubauer & Clahsen, 2009) researchers disagree about the roles 
different features of morphological systems play in determining the time course and accuracy 
of their acquisition by L2 learners. Some studies suggest that L2 learners process 
derivational morphemes in a more native-like manner than inflectional ones (Silva & 
Clahsen, 2008; Kirkici & Clahsen, 2013). Other research demonstrates accurate acquisition 
of L2 inflectional morphology as well (Gor & Jackson, 2013; Hopp, 2010). To date, few 
studies have directly compared L2 acquisition of inflectional and derivational morphology. 
Arabic verbs exhibit a system of derivational morphology whose function in constraining 
event structures allows for relatively direct comparison with inflectional morphemes at the 
sentence level. Further, Arabic derivational morphemes are discontinuous; a triliteral root 
interleaves with one of ten verbal templates to form every Arabic verb, as Figure 1 illustrates. 
 
The current study brings evidence of sensitivity to both inflectional and derivational 
sublexical structure during sentence reading in proficient L2 Arabic learners (N = 44) to bear 
on the controversy surrounding the source(s) of the observed differences between L1 and L2 
morphological behavior. A self-paced reading task used anomalies in verbal inflection 
(number agreement), verbal derivation (template morpheme), and verbal semantics to test 
whether learners automatically access these features while reading.  
 
Table 3 shows mean reading times (RTs) by language group, condition and region. We 
analyzed these results using 4 ANOVAs, one for each sentence region, with Condition as a 
within-subjects factor and Language Group as a between-subjects factor, revealing 
significant main effects of Language Group (p < .001) in all sentence regions, of Condition (p 
< .001) in the critical region and both spillover regions, and of the interaction between them 
in the critical region only (p < .001). For ease of reference, Table 4 shows the results of 
simple comparisons by language group, condition and region. In brief, all three anomaly 
types slowed L2 participants’ reading times significantly in the critical region.  L1 participants 
responded to inflectional anomalies in the critical region, but derivational and semantic 
anomalies in the spillover region.  
 
This pattern of results accords with previous studies that found sensitivity to inflectional 
morphology (Gor & Jackson, 2013; Hopp, 2010) during sentence processing in proficient L2 
learners. Further, it adds evidence of L2 learners’ sensitivity to derivational morphology 
during sentence processing, despite numerous typological differences between the target 
language and the L1, specifically the Arabic verbal templates’ discontinuous forms and 
abstract meanings.  
 
 
 

      

      

      

Table 1. Discontinuous root and pattern morphemes in Arabic verbs 
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Table 1 Discontinuous morphemes Table 2. Experiment conditions and example 
in Arabic verbal derivation stimuli 

 
 

Example sentence 
  بعد أن سقط من على الطاولة، ال  قلم  اختف في العشب الطویل.

ba ʕd a an saqatˤa min ʕala atˤa:wila, alqalam  ixtafa  fi: alʕuʃb atˤawi:l 
after that fell from on the.table the.pencil disappeared in the.grass tall 
After it fell from the table, the pencil  disappeared  in the tall grass.  
 

Table 3. Mean reading times by sentence region and condition 

 
Table 4 

 

 
 
 
 
 
 
 
 



Priming children’s interpretation of globally ambiguous sentences 
Emily Atkinson, Natalie Bloss, Sofia Johnson, & Carolina Jones (University of Michigan) 
eeatkins@umich.edu 
 
A growing body of work has demonstrated that children, like adults, can be primed to produce 
sentences with a particular structure (e.g., [1-2]). These priming studies have focused on 
sentence structures with very similar meanings (e.g., active vs. passive, prepositional object vs. 
double object datives). It is unclear, however, whether a particular interpretation can be primed 
when a sentence is compatible with multiple meanings (i.e., it is globally ambiguous). For 
example, in the sentence in (1), the pipe cleaner could either be the instrument of pointing – i.e., 
the sheep uses it to point ([VP [VP points at the pig] [PP with the pipe cleaner]]) – or modify the 
description of the pig – i.e., the pig holds it ([VP points at [NP the pig with the pipe cleaner]]).  
 

(1) The sheep points at the pig with the pipe cleaner.  
 

Previous work demonstrated that children rely on verb biases to determine how to interpret 
these sentences [3]. Verbs fall into 3 classes: instrument-biased, modifier-biased, and equi-
biased. The current study examines whether children’s interpretation of sentences with equi-
biased verbs can be primed by producing sentences with one of these interpretations. 

Control (N=16) The classification of the 8 verbs used in the study (scratch, throw, pinch, 
feel, drag, turn over, blow on, & point at) as equi-biased was based on adult sentence 
continuations [3]. Thus, we first conducted a control experiment to uncover children’s bias. Both 
experiments utilized a picture selection task that the child played with a puppet. In a particular 
trial (n=24; 8 targets, 16 fillers), the puppet would describe a picture and the child had to select 
the matching picture. For the target trials (Fig1), the puppet described the picture using an 
ambiguous sentence like (1) containing one of 8 equi-biased verbs. Despite this classification, 
children (mean age=5;2, range=4;1-6;4) selected the picture matching the instrument 
interpretation 82.12% of the time. Thus, this value will be used as the baseline in the main 
experiment. 

Exp (N=32) Unlike in the control experiment, the child and the puppet took turns 
describing a picture and selecting the matching picture from two options. For the production 
portion of the task, an ambiguous sentence like (1) described the pictures, but the image itself 
disambiguated its meaning. When it was the child’s turn to select the match, the choices 
depicted the two alternative interpretations of the target sentence (Fig1) and technically either 
answer was correct. Crucially, the child’s production could serve as an interpretative prime; if 
they produced a sentence with a particular interpretation, they may be primed to select that 
same interpretation when encountering another ambiguous sentence of the same type. Children 
(mean age=5;7, range=4;5-6;7) were randomly assigned to either produce instrument or 
modifier interpretations. Each trial (n=8) consisted of a pair of picture selections. First, the 
puppet selected a picture based on the child’s production, then the child selected based on the 
puppet’s production. The modifier priming group was less likely to select the picture 
corresponding to the instrument interpretation than the instrument priming group (Fig2; β=1.25, 
p<0.001). Older children were significantly more likely to select the instrument interpretation 
(β=1.49, p<0.05), but there was no interaction between age and priming group. Compared to 
the baseline established in the control experiment, priming increased the selection of the picture 
with the matching interpretation for both priming groups (instrument: t=3.55, p<0.01; modifier: 
t=-2.19, p<0.05). 

These results suggest that interpretation can be primed by the production of a sentence 
with a similar interpretation. Implications for priming and the role of production will be discussed. 
Also, an in-progress follow-up experiment aims to compare the priming effects arising from 
ambiguous primes to those following unambiguous primes (e.g., The sheep points at the pig 
[instrument: by using / modifier: that has] the pipe cleaner). 
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References [1] Huttenlocher, Vasilyeva, & Shimpi 2004. JML. [2] Savage et al. 2004. 
Developmental Science. [3] Snedeker & Trueswell 2004. Cognitive Psychology.  
 

 
Figure 1. Example of a target trial. For this trial, the puppet said the sentence “The sheep points 
at the pig with the pipe cleaner” and the child selects either the instrument (left) or modifier 
(right) interpretation. 
 

 
Figure 2. Percentage of trials in which the instrument interpretation was selected for each 
priming group (instrument vs. modifier interpretation). The horizontal line indicates the baseline 
rate of selecting the instrument picture discovered in the control experiment. 



The Effects of Word Frequency and Contextual Diversity on Word Processing during 
Reading across ERP and Eye-tracking Measures 
Patrick Plummer (Howard University) & Charles Perfetti (University of Pittsburgh) 
patrick.plummer@howard.edu 
 

Recent psycholinguistic research has suggested that the distributional properties of 
words across distinct contexts exert an influence on word processing during language 
comprehension. The current study examined the effects of word frequency (how often a given 
word appears) and contextual diversity (the number of contexts in which a given word appears) 
using eye tracking and electrophysiological measures. Using measures obtained from the 
SUBTLEX corpus, target word pairs were constructed to contrast either contextual diversity or 
word frequency, while matching other important lexical variables (e.g. word length, 
concreteness, and number of senses). Half of the pairs varied in word frequency while matching 
in contextual diversity and half varied in contextual diversity while matching in word frequency. 
In both experiments, participants read sentences where one member of the target word pair was 
embedded. Each sentence frame was designed to be semantically neutral prior to the target 
word position. In Experiment 1, participants read the sentences for comprehension while their 
eye movements were being monitored; eye movement measures associated with word 
recognition and integration were analyzed. In Experiment 2, participants read sentences for 
comprehension while electrophysiological activity was monitored from their scalp via EEG 
recording; ERP components associated with relatively early word processing (i.e. N170 and P2) 
as well as lexical-semantic processing and integration (i.e. N400) were analyzed. 

In Experiment 1, the effect of contextual diversity superseded the standard word 
frequency effect. First-pass and later reading times for high frequency words did not differ from 
low frequency words when controlling for contextual diversity. On the other hand, reading times 
for high contextual diversity words were significantly shorter than reading times for low 
contextual diversity words when controlling for word frequency. In Experiment 2, when 
controlling for contextual diversity, no significant effects of word frequency were observed for 
any ERP components of interest. In contrast, across midline electrode clusters (Fz, Cz, Pz), 
smaller P2 components and larger N400 components were observed for high contextual 
diversity words when compared to low contextual diversity words. This pattern of results 
conflicts with the typical word frequency effect on ERP components wherein high frequency 
words elicit smaller N400 components than low frequency words. Thus, the results revealed that 
the effects of contextual diversity on eye movement control during reading (i.e. analogous to 
typical word frequency effects) were somewhat at odds with the effects of contextual diversity 
on electrophysiological responses during reading (i.e. opposite of typical word frequency 
effects).  

Overall, the results showed that the typical word frequency effect in ERP and eye-
tracking measures disappeared when controlling for contextual diversity; whereas, contextual 
diversity effects persisted when accounting for word frequency. Interestingly, the larger N400 
components for high contextual diversity words suggests that greater integration difficulty or 
broader semantic activation was associated with processing words that appear across a many 
distinct linguistic contexts. The pattern of results in Experiment 2 suggests that contextual 
diversity has an influence on word processing regardless of word frequency. However, the fact 
that the ERP effects of CD differ from standard ERP effects of word frequency when the two 
variables are controlled, suggests that contextual diversity is not simply a “better measure of 
frequency.” In general, the findings provide further evidence that language users’ experience 
with the contexts in which a word typically appears is an important aspect of lexical 
representation and seems to hold more psychological relevance than mere frequency of 
exposure to specific lexical items. 
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Experiment 1 Stimuli  
 Word Frequency 

Contrast Group 
Contextual Diversity 

Contrast Group 

High 
WF = 3.46 (0.7) 
CD = 2.92 (0.5) 

 

WF = 3.25 (0.5) 
CD = 3.01 (0.5) 

 

Low 
WF = 3.17 (0.6) 
CD = 2.91 (0.5) 

 

WF = 3.24 (0.5) 
CD = 2.75 (0.4) 

 
 

Experiment 2 Stimuli 

 Word Frequency 
Contrast Group 

Contextual Diversity 
Contrast Group 

High 
WF = 3.24 (0.50) 
CD = 2.78 (0.5) 

 

WF = 2.86 (0.6) 
CD = 2.68 (0.6) 

 

Low 
WF = 2.99 (0.4) 
CD = 2.78 (0.5) 

 

WF = 2.84 (0.6) 
CD = 2.43 (0.6) 

 
Stimuli tables show mean (log-transformed) CD and WF for high and low items from both 
contrast groups. Standard deviations in parenthesis. Each group contained 20 target word pairs 
for experiment 1 and 35 word pairs for experiment 2. 

Experiment 2 ERP Results – Combined midline cluster ANOVA (Fz, Cz, Pz) showed high CD 
items led to smaller P2 and larger N400 components than Low CD items (p’s < .01). No 
differences for WF contrast items on any standard ERP components. 
Midline Frontal       Midline Central  
 
 
 
 



Different ways to process honorific features: Evidence from ERPs 
Nayoung Kwon (Konkuk University) & Patrick Sturt (University of Edinburgh) 

nayoung.kw@gmail.com 
 
While dependency-formation is crucial in language, dependencies are realized in various forms 
across languages. For example, in fusional languages, grammatical relations are typically 
encoded based on inflections (e.g., Spanish), whereas in analytical languages (e.g., Korean) case 
markers perform similar functions. Yet, when a subject-verb dependency is  encoded in a similar 
manner based on a morpheme attached to a verb, a violation of such agreement has been shown 
to elicit a P600 regardless of a language type (e.g., analytical language: English, Coulson et al., 
1998; fusional language: Spanish, Silva-Pereyra & Carreiras, 2007; agglutinating language: 
Korean, Kwon & Sturt, 2015). 
   
Here we ask whether agreement is also processed in the same manner even in a different 
configuration, if the nature of agreement is semantically the same. We ask this question based 
on honorific agreement in Korean. In Korean, the social status of a referent relative to that of a 
speaker decides which verbal form as well as which case marker to use. For example, a subject 
NP can be honorified using a suffix –si– on its licensing verb, which indicates that the verb’s 
subject is a target of respect (1a). The same NP can also be honorified with the -kkeyse 
nominative case marker on the noun itself (2a). Thus, there is honorific agreement between a 
subject and its verb in the former, and between a subject and its case marker in the latter. On the 
other hand, personal names in Korean do not have honorific features, and thus there is an 
honorific feature mismatch in (1b) & (2c). The resulting sentences are unacceptable in both cases.   
   
To investigate whether agreement of the same semantic nature is processed in a similar manner 
between verb-subject and noun-case-marker dependencies, we ran an ERP study, using 
sentences like (2). If honorific agreement in case marking is processed in a similar manner to 
subject-verb honorific agreement, as in (1), violations of honorific agreement in case marking 
should also elicit a P600. The experiment had four conditions like (2) (n=32 subjects, 136 sets of 
sentences). As honorific agreement is optional in Korean, the lack of –kkeyse and a use of generic 
nominative case marker in (2b) does not render the sentence unacceptable. Thus, there were 
three acceptable conditions (2a, 2b, 2d) and one unacceptable condition (2c).   
 
The results showed that feature mismatching conditions elicited stronger negativities than their 
corresponding feature matching counterparts, regardless of acceptability of sentences. That is, 
the NH-H (2c) condition elicited stronger negativities than the NH-NH (2d) condition (p < .05). 
Likewise, the H-NH (2b) condition elicited stronger negativities than the H-H (2a) condition (p 
< .05). The stronger negativities to the feature mismatching conditions suggest that noun-case-
marker dependencies are processed differently from subject-verb dependencies. While the P600 
elicited to a violation of a subject-verb honorific agreement seems to index syntactic integration 
difficulty (Kaan et al., 2000), the negativities to (2c) and (2b) seem to be related to a level of 
(un)expectancy (Kutas & Hillyard, 1984) of a case marker in a given context. These results overall 
suggest that not semantic content itself but the way that the semantic content is used within a 
sentence determines the way it is processed. 
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1. Subject-verb honorific agreement 
a) Congruous: Grandpa-NOM TV-ACC watch-HON(-si-)-while worked 
 

b) Incongruous:  #Mary-NOM TV-ACC watch-HON(-si-)-while worked 
‘The teacher/the kid/I worked while watching TV’ 
  
2. Target sentences 
a) H-H: Honorifiable NP-Honorific case marker (congruous) 
 Late night-until grandpa-HON.NOM(-kkeyse-) TV-ACC watched 
 

b) H-NH: Honorifiable NP-generic case marker (congruous) 
 Late night-until grandpa-NOM TV-ACC watched 
 

c) NH-H: Nonhonorifiable NP-Honorific case marker (incongruous)  
 #Late night-until Mary-HON.NOM(-kkeyse-) TV-ACC watched 
 

d) NH-NH: Nonhonorifiable NP-generic case marker (congruous)  
 Late night-until Mary-NOM TV-ACC watched 
‘Until late night, grandpa/Mary watched TV’ 
 
<Results> 
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Topographic scalp isovoltage map of the mean 
difference: H-NH(2b) – H-H (2a) 

H-NH (2b): dashed line; H-H (2a): solid line  

NH-H (2c): dashed line; NH-NH (2d): solid line  
Topographic scalp isovoltage map of the mean 
difference: NH-H(2c) – NH-NH (2d) 



Garden-path misinterpretation in reading while listening 
Guorong Zhang & E. Matthew Husband (University of Oxford) 

guorong.zhang@ling-phil.ox.ac.uk 
Reading while listening (RWL) to the same text is a common educational technique thought to 
improve reading ability and language comprehension among young L1 readers, L2 learners, and 
those with disabilities, with individuals intuitively reporting that comprehension is sometimes 
easier in RWL. While some research has found that RWL can improve lexical recognition [1], 
RWL was also reported to increase cognitive load which worsens comprehension [2]. For 
sentence comprehension specifically, we hypothesized that the ability to pause, delay, or regress 
in reading may be disrupted by co-current speech, thus impairing sentence comprehension. 
Additionally, under the Implicit Prosody Hypothesis [3], readers’ self-generated prosody may be 
disrupted by an overt speech signal. To address these possibilities, we designed a garden-path 
misinterpretation study using the subordinate object/main clause subject ambiguity to examine 
whether RWL affects the rate of misinterpretation as a behavioral measure of comprehension. 
Methods. We tested 48 participants in a 2 (SENTENCE TYPE: garden-path vs. non-garden-path) by 
2 (READING CONDITION: silent reading vs. RWL) study. Silent reading (SR) and RWL stimuli were 
presented in blocks as a between-subjects factor counterbalancing the presentation ORDER of the 
blocks (either SR-RWL or RWL-SR). Forty-eight pairs of garden-path/non-garden-path sentences 
were adapted from previous studies (Table 1) [4, 5]. The audio files for the RWL condition were 
generated using Apple’s macOS Text-To-Speech function with the voice “Tom” at the speech rate 
of 237 msec/syllable (SD = 25 msec/syllable). For this initial study, punctuation was not included 
in the speech synthesis, so no auditory cues (extra-long pauses) for an early prosodic break were 
present. This provides a baseline for further studies which will manipulate the prosody of the 
synthesized speech. The display time of text in both SR and RWL blocks was matched to the 
audio duration to control the amount of time that the visual text was displayed between SR and 
RWL conditions. In each block, 82 sentences including 12 garden-path and 12 non-garden-path 
sentences were read with a yes/no comprehension question probing the interpretation of that 
sentence after each sentence. Correct responses for our critical experimental items were “No”. 
Results. Comprehension accuracy was analyzed in terms of sentence types and reading 
conditions (Figure 1). Maximal convergent mixed effects modeling revealed a marginally 
significant three-way interaction between ORDER, READING CONDITION and SENTENCE TYPE (β = -
0.115, z = -1.836), though this was driven by significantly larger improvements in accuracy for the 
SR-RWL group (13.7%) compared to the RWL-SR group (7.2%) between blocks, possibly 
reflecting a differential adaptation effect [6]. The critical READING CONDITION by SENTENCE TYPE 
interaction was not significant in the overall modal (β = 0.004, z = 0.064) or between groups (RWL-
SR group, β = -0.103, z = -1.142; SR-RWL group, β = 0.086, z = 1.049). Instead, there was a 
main effect of SENTENCE TYPE (β = -0.789, z = -5.621), demonstrating that participants 
misinterpreted garden-path sentences more frequently regardless of reading condition. 
Collapsing across block orders, the RWL reading condition elicited 23% misinterpretation and the 
SR reading condition elicited 27% misinterpretation.  
Discussion. Against our hypotheses, we found that, while our participants displayed the classic 
misinterpretation effect of garden-path sentences, RWL did not affect this misinterpretation 
negatively or positively when compared to SR. Instead, RWL-SR group showed less improvement 
to comprehension accuracy than the SR-RWL group. It may be that RWL in an initial block 
disrupted the adaptation process within our study. Given that misinterpretation is a relatively late 
and offline measure of sentence comprehension, participants may be trading off the costs and 
benefits of RWL in online processing. An eye-tracking study is currently being conducted to 
investigate whether online reading processes are enhanced/disrupted during RWL. Further 
studies will also use prosody-rich speech as audio stimuli to compare with the findings from the 
current study. 
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Table 1: Stimulus Example 

Garden-path While Anna dressed the girl that was stylish appeared on TV. 

Non-garden-path While Anna dressed, the girl that was stylish appeared on TV. 

Comprehension question Did Anna dress the girl? 

 

Figure 1: Accuracy (the percentage of correct “No” responses) as fitted by the model. Error bars 
represent 95% confidence intervals. 
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