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1  1  Questions 
 

1. What are the estimated task completion times for core visual-manual tasks as 
estimated by SAE J2365 or similar procedures? 

2. What are the task completion times for the visual-manual tasks when tested 
using the proposed US DOT occlusion procedure (ISO 16673)? 

3. Do the visual-manual interfaces meet the US DOT occlusion guidelines? 
4. How well do the task completion times for visual-manual tasks estimated using 

Pettitt’s method predict total task times obtained using the ISO/DOT occlusion 
procedures? 

5. What problems with the interfaces were identified by the task time estimates and 
occlusion testing? 

6. How could the interfaces be improved? 
 

2   Method – Occlusion Experiment 
 

 
Subject performing the task with the visual occlusion goggles - goggles are open 
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Goggles are closed 

 
 Age Group 

(yr) 
Normal Task Order/Reverse Order 

 
24 Subjects   

Female Male 
Young (25-35) 3/3 3/3 
Middle (45-55) 3/3 3/3 

 
Block Trial Task Description 

1 – Tune 
the Radio 

practice 

tune the radio to FM 89.1 
tune the radio to FM 97.1 
tune the radio to FM 96.3 
tune the radio to FM 100.9 
tune the radio to FM 107.1 

test 
tune the radio to FM 92.5 
tune the radio to FM 97.7 
tune the radio to FM 102.7 

2 – Call a 
Contact 

practice 

find and call the contact Ale 
find and call the contact Charles Winchester 
find and call the contact Jessica Alba 
find and call the contact Midge Igna 
find and call the contact Ricky Racardo 

test 
find and call the contact Daniel Grass 
find and call the contact Kristina Elder 
find and call the contact Pretty Neat 

3 – Enter 
a Street 
Address 

practice 

enter and go to the address 628 Pathway Dr, Howell, MI 
enter and go to the address 2101 S Main St, Adrian, MI 
enter and go to the address 4000 Baldwin Rd, Auburn Hills, MI 
enter and go to the address 1717 Broadway St, Ann Arbor, MI 
enter and go to the address 6067 Markel Rd, Marine City, MI 
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Block Trial Task Description 

test 
enter and go to the address 374 Jackson Rd, Ann Arbor, MI 
enter and go to the address 2901 Forton Rd, Ann Arbor, MI 
enter and go to the address 620 S State St, Ann Arbor, MI 

4 – Dial a 
Phone 
Number 

practice 

dial the number 586-943-0931 
dial the number 517-402-7637 
dial the number 810-765-9452 
dial the number 313-856-2896 
dial the number 586-951-7193 

test 
dial the number 313-793-2846 
dial the number 646-139-5079 
dial the number 979-317-6428 

5 – Enter 
POI 

practice 

find and go to Willow Run Airport 
find and go to ARB 
find and go to Livingston County Airport 
find and go to OZW 
find and go to Detroit Metro-McNamara Arrivals 

test 
find and go to Ann Arbor Municipal Airport 
find and go to YIP 
find and go to Detroit Metro-McNamara Departures 

6 – Select 
Radio 
Preset 

practice 

tune the radio to preset 1 
tune the radio to preset 5 
tune the radio to preset 3 
tune the radio to preset 9 
tune the radio to preset 7 

test 
tune the radio to preset 4 
tune the radio to preset 8 
tune the radio to preset 12 

7 – Play a 
Song 

practice 

find and play the song “Against The Wind” 
find and play the song “Better Together” 
find and play the song “Bron-Yr-Aur” 
find and play the song “Christmas Vacation” 
find and play the song “Custard Pie” 

test 
find and play the song “Clocks” 
find and play the song “Feliz Navidad” 
find and play the song “High Fidelity” 
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3   Results and Conclusions 
 

1. What are the estimated task completion times for core visual-manual tasks as 
estimated by SAE J2365 or similar procedures? 

 

Block Task (Static) 
Trial 

Mean 1 2 3 
1 Tune the radio to frequency 14.4* 12.3 11.3 12.6 
2 Find and call the contact 14.4 14.4 14.4 14.4 
3 Enter and go to the address 59.8 59.6 60.1 59.8 
4 Dial the phone number 19.6 19.6 19.6 19.6 
5 Through “POI Category” find and go 26.4 26.4 26.4 26.4 
6 Tune the radio to preset 8.9 11.3 11.3 10.5 
7 Play the song 18.4 18.4 18.4 18.4 

Mean 23.1 23.1 23.1 23.1 
*Tasks could be completed within the 15-s static time rule are shown in bold. 

 

Block Task (Occluded) Trial Mean 1 2 3 
1 Tune the radio to frequency 21.7 18.7 16.6* 19.0 
2 Find and call the contact 27.0 27.0 27.0 27.0 
3 Enter and go to the address 86.2 86.2 86.2 86.2 
4 Dial the phone number 30.7 30.7 30.7 30.7 
5 Through “POI Category” find and go 35.2 35.2 35.2 35.2 
6 Tune the radio to preset 11.2 14.2 14.2 13.2 
7 Play the song 45.7 45.7 45.7 45.7 

Mean 36.8 36.7 36.4 36.6 
*Tasks could be completed within the 18-s guideline are shown in bold. 
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2. What are the task completion times for the visual-manual tasks when tested 
using the proposed US DOT occlusion procedure (ISO 16673)?  Do the visual-
manual interfaces meet the US DOT occlusion guidelines? 

 

Block Task Trial  
1 2 3 Mean 

1 Tune the radio to frequency* 12.9 15.7 12.3 13.6 
2 Find and call the contact 21.2 23.4 24.3 23.0 
3 Enter and go to the address 89.7 84.7 74.6 83.0 
4 Dial the phone number 25.8 24.9 26.2 25.6 
5 Through “POI Category” find and go 28.0 24.6 26.7 26.5 
6 Tune the radio to preset 6.6 9.0 8.8 8.1 
7 Play the song 36.7 46.4 71.9 51.7 

Mean 31.6 32.7 35.0 33.1 
*Tasks completed within the 18-s guideline are shown in bold. 

 
3. How well do the task completion times for visual-manual tasks estimated using 

Pettitt’s method predict total task times obtained using the ISO/DOT occlusion 
procedures? 

 

 
(Blocks 2 and 7 Excluded) 
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(Blocks 2 and 7 Included) 
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INTRODUCTION 
 
Driver distraction is a topic that has received considerable attention in the press (e.g., 
Richtel, 2009), in statements from government officials such as U.S. Secretary of 
Transportation Ray LaHood (U.S. Department of Transportation, 2010), and in the 
research literature (Horrey and Wickens, 2006; Sayer, Devonshire, and Flannagan, 
2007; Caird, Willness, Steel, and Scialfa, 2008; Regan, Lee, and Young, 2008; Young 
and Schreiner, 2009; Klauer, Guo, Sudweeks, and Dingus, 2010).  As a consequence, a 
number of standards and test protocols have been developed to assess distraction.  
Those with acceptance criteria are summarized in Table 1.  Assessment methods for 
which there are no criteria include ISO 16673 (Occlusion Method) and ISO 26022 (Lane 
Change Test).  Notice that there are a variety of methods that exist, with occlusion 
related procedures being most common.  
 

Table 1. Procedures for Assessing Driver Distraction 
Document Method and Criteria Acceptance 

SAE J2364 
(Society of 
Automotive 
Engineers, 2004) 

Static method: While not driving in 
a simulator, real vehicle, or 
laboratory mockup, after practice, 
10 subjects perform the tasks of 
interest and task time is 
measured.  

Mean task time < 15 s 

Interrupted vision (Occlusion) 
method: While not driving in a 
simulator, real vehicle, or 
laboratory mockup, after practice, 
10 subjects perform the tasks of 
interest and while wearing 
occlusion goggles.  The 
recommended open time is 1.5 s 
(range 1.0 to 2.0 s) and the closed 
time is 1.5 s 

Total task time <20 s 

SAE J2365 Society 
of Automotive 
Engineers, 2002) 

Calculate static task time using 
time estimates for mental 
operations, key presses of various 
types, searching, and so forth. 

presumed mean task time < 
15 s 

AAM Guidelines 
(Alliance of 
Automobile 
Manufacturers, 
2006) 

alternative A: while driving in a 
simulator or test vehicle and 
performing the task 

single glance durations =< 2 
s;  
total glance time < 20 s 

alternative B: lateral position 
control 

# lane departures for 
reference task (manual radio 
tuning) >= # departures for 
reference task 

alternative B: gap variability gap variability reference task 



 2 

Document Method and Criteria Acceptance 
(manual radio tuning) >= gap 
variability for reference task 

Visual Occlusion Method with 
open time of 1.5 s and closed time 
of 1.0 s 

total shutter open time <= 
15.0 s 

eye fixation monitoring while 
driving simulator or real vehicle 

mean glance duration < 2.0 s 
for 85% of the test sample; 
mean total glance time for 
task < 20 s for 85% 

JAMA guidelines 
(Japan Automobile 
Manufacturers 
Association, 2004) 

occlusion time during a bench test total shutter open time <= 7.5 
s 

US DOT/NHTSA 
Visual-Manual 
Guidelines 
 

Eye Glance Testing Using a 
Driving Simulator (EGDS) 

85% glances < 2.0 s 
mean of glances < 2.0 s 
total glance time <= 12.0 s 

Occlusion Testing (OCC) Sum of open times< 9.0 s 
Step Counting (STEP) # steps < 6 
Driving Simulator with Benchmark 
(DS-BM) 

SDLP <= benchmark 
# lane departures <= 
benchmark 

Driving Simulator with Fixed 
Criteria (DS-FC) 

performance measures <= 
benchmark 

Dynamic Following Detection with 
Benchmark (DFD-BM) 

EGDS glance criteria + 
SDLP, following delay, % 
visual targets detected, 
visual detection RT 

Dynamic Following Detection with 
Fixed Criteria (DFD-FC) 

EGDS glance criteria + 
perform. measures < 
specified values 

 
Until now, all of those procedures were voluntary.  However, for a variety of practical 
reasons, compliance with the US DOT/NHTSA guidelines is quite likely.  Those 
guidelines present 7 methods, of which 2 are recommended (Occlusion, Eye Glance 
Testing with Driving Simulator).  The US DOT methods are based on the AAM 
Guidelines. 
 
In this project, 4 methods were used to examine a prototype navigation-radio, (1) the 
think-aloud method, (2) the occlusion method, (3) SAE Recommended Practice J2365 
calculations, and (4) Pettitt’s method calculations.  Each method has its own particular 
advantages and disadvantages. 
 



 3 

In the think-aloud method, subjects are given a task to do and asked to think aloud as 
they perform it, describing problems they encounter, what they are looking for, what text 
and graphics mean to them, and so forth.  To improve an interface, one needs to know 
what subjects understand and do not understand, and where there is confusion, what is 
being confused.  In the think-aloud method, subject naturally express what these 
problems are.  For example, “I am looking for something that lets me enter an 
intersection, but I have no idea what this globe picture means, and I see “POI.”  Isn’t 
that a food in Hawaii?  I have no idea what to do, so I will try everything.”  Assembling 
the comments from a think-aloud experiment to convey a structured set of findings is 
difficult.  The think-aloud experiment conducted as part of this project is described in a 
companion report, (Lin, Kang, Green, Best, and Pettinato, 2012).  See also Park, Green, 
and Alter (2010) and Green and Park (2013). 
 
The occlusion method is described in ISO Standard 16673 (International Standards 
organization, 2007) and SAE Recommended Practice J2364 (Society of Automotive 
Engineers, 2004), with the 2 documents differing slightly in some implementation details.  
In real driving, people alternate between looking at the road and looking at an in-vehicle 
display.  The longer the duration of each glance and the longer total glance time, the 
greater the probability of a crash.  In the occlusion method, subjects wear goggles that 
control when they can see and when they cannot via LCD shutters mounted in the 
eyepieces.  The goggles cycle between periods in which the LCD shutters are clear 
(open/unoccluded) and milky (closed/occluded), simulating the alternating periods of the 
driver being able to see the in-vehicle display (the open period) and not being able to 
see the display but to see the road (the closed period). 
 
SAE Recommended Practice J2365 (Table 2) provides estimates for younger and older 
drivers to complete elemental tasks, such as pressing a button, searching a screen for 
text, and so forth.  The data in SAE J2365 was developed from UMTRI research 
examining use of in-vehicle controls, the Keystroke-Level model from human-computer 
interaction (Card, Moran, and Newell, 1980), and Methods-Time Measurement, a task 
time estimation method from industrial engineering (Maynard, Stegemerten, and 
Schwab, 1948; Karger and Bayha, 1977).  Task times for in-vehicle tasks of interest are 
determined by partitioning a task of interest (e.g., changing the fan speed, dialing a 
phone number, entering a street address) into steps, determining the human and 
interface actions required, looking up the time for each step, and then adding them up.  
So, for example, to dial a phone number, the task could be to determine how to do the 
task, search for the phone icon on the main screen, press the icon, wait for the next 
screen to appear, search for dial on the screen, wait for the number pad to appear, and 
then press the keys on the keypad 10 times to enter the phone number, then press the 
call button.  Each of these operations (e.g., press key) has a time estimate associated 
with it.  Adding up the times for each operation leads to the total task time. 
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Table 2. Operator Times in SAE J2365 

Code Name Operator Description 

Time (s) 
Young 
Drivers 
(18-30) 

Middle 
Drivers 
(55-60) 

Rn Reach near from steering wheel to other parts 
of the wheel, stalks, or pods 

0.31 0.53 

Rf Reach far from steering wheel to console 0.45 0.77 
C1 Cursor once press a cursor key once 0.80 1.36 
C2 Cursor 2 times or 

more 
time/keystroke for the 2nd and each 
successive cursor keystroke 

0.40 0.68 

L1 Letter or space 1 press a letter or space key once 1.00 1.70 
L2 Letter or space 2 

times or more 
time/keystroke for the 2nd and each 
successive cursor keystroke 

0.50 0.85 

N1 Number once press the letter or space key once 0.90 1.53 
N2 Number 2 times or 

more 
time/keystroke for the 2nd and each 
successive number key 

0.45 0.77 

E Enter press the enter key 1.20 2.04 
F Function keys or shift press the function keys or shift 1.20 2.04 
M Mental time/mental  operation 1.50 2.55 
S Search search for something on the display 2.30 3.91 

Rs Response time of 
system-scroll 

time to scroll one line 0.00 0.00 

Rm Response time of 
system-new menu 

time for new menu to be painted 0.50 0.50 

 
Keep in mind that the reach data are for a well-practiced movement, and could be a bit 
low where the action is more than a reach.  The key-press times were from the Ali-Scout 
interface, which had keys that were small, so those times could be longer than desired. 
 
In a recent experiment, Schneegass, Pfeging, Kern, and Schmidt (2011) extended that 
research to fit a wider range of interfaces.  They had 13 young drivers (17 to 28, mean 
22), complete 4 groups of radio-related tasks (change volume, switch to preset, etc.). 
Table 3 shows the resulting operators. 
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Table 3. Operators from Schneegass, Pfleging, Kern, and Schmidt (2011) 
Code Name Time (s) 

H 
 

Home - wheel to system 0.89 
Home - system to wheel 0.81 

K 
 

Keystroke, press once 0.54 
Keystroke, press twice 1.76 
Keystroke, press x times 2.12 + 0.228(x-3) 

T 
 

Turn 45 deg clockwise 1.10 
Turn 45 deg counter-clockwise 0.80 
Turn 90 deg clockwise 1.16 
Turn 90 deg counter-clockwise 1.14 
Turn 180 deg clockwise 1.74 
Turn 180 deg counter-clockwise 1.40 

F Move finger between controls 1.14 
R  System response time t 

AS Predictable list 0.30 
Unpredictable list 1.12 

M After R operator 1.35 
After T operator 1.18 

 
Some of their data makes sense.  Other data does not.  One would expect that the time 
to reach to the system should take longer than back to the wheel, because the wheel is 
a better-defined location and the object to be grasped is close.  As a practical matter, it 
may make sense to have only 1 homing time (wheel to system), as most tasks end 
when the final action (usually a key press occurs), not when the hand returns to the 
wheel. 
 
The keystroke data do not make sense.  Keystroke times depend upon the type of 
keystroke, whether it is a cursor action, letter, number, function key, etc.  Keystrokes 
that are more frequently typed or involve keys that are larger require less time.  Also, in 
the Ali-Scout data, repeated keystrokes took less time than single keystrokes, with the 
second or third time a key was being pressed being about half of the first time.  However, 
in this database, the time given, presumably the time for both keystrokes is not 1.5 
times the single keystroke time (0.81 = 1.5 * 0.54) but 1.76 s.  One explanation is that 
the value is a typo, and the correct value is 0.74 s.  Using the expression for repeated 
keystrokes (x=2), the estimated time is 1.66 s, which is close to 1.74.   
 
The rotation data (turn) may make sense.  Usually, clockwise times take less time than 
the counterclockwise times for the right hand, but the difference is not larger.  The 
opposite was found here, but the difference may be within the limits of statistical error. 
 
To provide some perspective, in Methods Time Measurement 1, MTM-1, there is an 
operator named turn.  Converting from Time Motion Units, TMUs, 10-5 hours) to 
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seconds for the data when the resistance to run is small (0 to 2 pounds), the estimates 
are a 45 degree turn takes 0.13 s, a 90 degree turn takes 0.19 s and a 180 degree turn 
takes 0.34 s (Neibel, 1976, p 449).  However, after making a turn, the hand needs to be 
returned to the starting position, so the actual times are double these values, 0.26, 0.38, 
and 0.64 s, substantially below the values provided.  (See also Quick, Duncan, and 
Malcolm, 1962.) 
 
The finger movement times make sense.  In KLM, the time for pointing is 1.1 s, close to 
the 1.14 s provided by Schneegass, Pfeging, Kern, and Schmidt (2011).  Also, the 
values for the Attention Shift and Mental operators make sense. 
 
Pettitt’s Method (Pettitt, Burnett, Bayer, and Stevens, 2006; Pettitt, Burnett, and Stevens, 
2007; Pettitt, 2008) uses the SAE J2365 and KLM times to estimate the time required 
for a subject to complete a task using the occlusion method.  To estimate occlusion task 
time in an occlusion context, the method makes 3 assumptions: 
 

1. During the 1.5 s periods of vision, the task can progress without interruption. 
2. An operation that begins in a period of vision can continue into a 2-s occlusion 

period providing it is not specifically associated with vision, for example reading 
information from a display. 

3. An operation can only being in an occluded period when vision is not required at 
any point in its duration, for example a keystroke where the finger is already 
placed on the control in question. (Pettitt, Burnett, and Stevens, 2007, p. 1520). 

 
In brief, a task progresses when on can sees, but do not progress when on cannot, if 
the task operation requires vision.  Pettitt, Burnett, and Stevens (2007) give an example 
of a destination entry task that makes the method more apparent.  Suppose the task 
begins with the user moving their hand to the screen and then they press the “Go to” 
button.  On the next screen, they press the “address or POI” button, and then the “Find 
area” button on another screen.  Given the 1.5 s occlusion duration and typical values 
for mental operations and keystroke times, it assumes that only 1 keystroke in this 
example is not delayed due to the lack of vision.  Curiously, for this example, the total 
time during occlusion is almost double the static (unoccluded) task time. 
 
This project was funded to follow up on the lessons learned from a previous project 
(Park, Green and Alter, 2010; Green and Park, 2013) funded by Mobis, a supplier to 
Hyundai-Kia, and to further improve the next version of that interface.  This report 
examines 6 questions, listed below. 

 
1. What are the estimated task completion times for core visual-manual tasks as 

estimated by SAE J2365 or similar procedures? 
2. What are the task completion times for the visual-manual tasks when tested 

using the proposed US DOT occlusion procedure (ISO 16673)? 
3. Do the visual-manual interfaces meet the US DOT occlusion guidelines? 
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4. How well do the task completion times for visual manual tasks estimated using 
Pettitt’s method predict actually total task times obtain using the ISO/DOT 
occlusion procedures? 

5. What problems with the interfaces are identified by task time estimates and 
occlusion testing? 

6. How could the interfaces be improved? 
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METHOD 
Driver Interface 
 
This evaluation concerned the driver interface (“head unit”) for the Hyundai-Kia 
Generation 4 Navigation-radio.  The interface consisted of a 7-inch touch screen, 2 
knobs (volume, tuning), and 10 hard keys (Figure 1).  The navigation radio supported 
functions for AM/FM/XM radio, USB music player, navigation, and Bluetooth phone. 
 
 

 
Figure 1. Close up of Screen, Hard keys, and Knobs 

 
The interface was mounted in the center console from a Hyundai-Kia vehicle in the 
design location (Figure 2).  Strips of white paper covered adjacent areas of the 
instrument panel so the recording camera auto iris would adjust to the desired lighting 
levels. 
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Figure 2. Close Up of Recording Equipment 

 

Test Equipment Arrangement and Operation 
 
To control when the subject could see and not see the navigation radio, subjects wore 
Occlusion Technologies PLATO occlusion goggles (Figure 3) that were connected to a 
personal computer.  The open and closed times were each 1.5 s.  Because wearing the 
goggles was uncomfortable, subjects were asked to slide the goggles off their nose to 
on top of their head between trials (when interacting with the experimenter). 
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Figure 3. PLATO Goggles 

Source: http://www.translucent.ca/plato.html 
 
To support data collection, Morae 3.3 (TechSmith, 2012) the well-known application for 
usability testing, was used to record when all test trials began and end by an 
experimenter who pressed keys to indicate both events.   The beginning was defined as 
when the experimenter said “go” and coincided with the opening of the goggle shutter.  
End was when the appropriate final key was pressed, which was followed by the subject 
saying “done.”   
 
The test equipment was configured (Figure 2) to allow for subjects to interact with the 
driver interface, for the lead experimenter to interact with the subject, and for a 
secondary experimenter to record task times.  Mounted on a tripod in front of the head 
unit was (1) a AXIS 207 Network camera that allowed for remote viewing of the test 
protocol by the sponsor and other experimenter, (2) a Logitech C920 web camera that 
was connected to Morae to record screen interactions and (3) a Logitech Quicktime 
Messenger camera that was located on top of the instrument panel and aimed at the 
subject’s face.  To assure what subjects said could be heard, 2 MXL 993 Pencil 
Condenser Microphones were mounted on top of the instrument panel and were 
connected to a Shure model M267 microphone mixer and then the Morae software.  
When responding, the subject sat in a car seat to make the interaction more realistic.  
See Figures 4 and 5. 
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Figure 4. Two Experimenters and Subject in Test Room 

 
 

 
Figure 5. Experimenter Showing Subject Task Description 
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Tasks and Task Sequence 
 
Upon a subject’s arrival, the experiment was summarized, after which subjects 
completed a consent form (Appendix A), a biographical form (Appendix B), and had 
their vision checked.  Next, that sat in the driver’s seat in front of the instrument panel of 
a Hyundai vehicle with a steering wheel, and they experienced the operation of the 
goggles.   
 
Next, subjects completed each of the 7 tasks (tune to station, call a contact, enter a 
street address dial a phone number, select a point of interest, select a radio preset, play 
a song) associated with using a Generation 4 navigation radio in 2 fixed orders.  
Subjects 1-6 and 13-18 performed tasks in the normal order and 7-12 and 19-24 in the 
reverse order to counterbalance for sequence effects.  All tasks were performed 
manually.  These tasks were selected because they were common, spanned the range 
of task times, and/or were expected to be problematic.   
 
As shown in Table 4, for each task there were 5 practice trials (without goggles) 
followed by 3 test trials (with goggles), with the number of trials selected to be 
consistent with SAE Recommended Practice J2364.  Five practice trials seemed to be 
sufficient for subjects to be proficient in performing these tasks, with 3 test trials 
providing stable results.  Obviously, more data would have been better, but each subject 
was available for only 2 hours, and there were tradeoffs between the number of tasks 
examined and the number of practice and test trials for each task.  Addresses were 
selected to have a consistent number of characters to enter, and in fact, there was an 
effort to make the difficulty within each task consistent. 
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Table 4. Tasks Performed by Subjects 
Block Trial Task 

1 – Tune 
the Radio 

practice 

tune the radio to FM 89.1 
tune the radio to FM 97.1 
tune the radio to FM 96.3 
tune the radio to FM 100.9 
tune the radio to FM 107.1 

test 
tune the radio to FM 92.5 
tune the radio to FM 97.7 
tune the radio to FM 102.7 

2 – Call a 
Contact 

practice 

find and call the contact Ale 
find and call the contact Charles Winchester 
find and call the contact Jessica Alba 
find and call the contact Midge Igna 
find and call the contact Ricky Racardo 

test 
find and call the contact Daniel Grass 
find and call the contact Kristina Elder 
find and call the contact Pretty Neat 

3 – Enter 
a Street 
Address 

practice 

enter and go to the address 628 Pathway Dr, Howell, MI 
enter and go to the address 2101 S Main St, Adrian, MI 
enter and go to the address 4000 Baldwin Rd, Auburn Hills, MI 
enter and go to the address 1717 Broadway St, Ann Arbor, MI 
enter and go to the address 6067 Markel Rd, Marine City, MI 

test 
enter and go to the address 374 Jackson Rd, Ann Arbor, MI 
enter and go to the address 2901 Forton Rd, Ann Arbor, MI 
enter and go to the address 620 S State St, Ann Arbor, MI 

4 – Dial a 
Phone 
Number 

practice 

dial the number 586-943-0931 
dial the number 517-402-7637 
dial the number 810-765-9452 
dial the number 313-856-2896 
dial the number 586-951-7193 

test 
dial the number 313-793-2846 
dial the number 646-139-5079 
dial the number 979-317-6428 

5 – Enter 
POI 

practice 

find and go to Willow Run Airport 
find and go to ARB 
find and go to Livingston County Airport 
find and go to OZW 
find and go to Detroit Metro-McNamara Arrivals 

test 
find and go to Ann Arbor Municipal Airport 
find and go to YIP 
find and go to Detroit Metro-McNamara Departures 

6 – Select practice tune the radio to preset 1 
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Block Trial Task 
Radio 
Preset 

tune the radio to preset 5 
tune the radio to preset 3 
tune the radio to preset 9 
tune the radio to preset 7 

test 
tune the radio to preset 4 
tune the radio to preset 8 
tune the radio to preset 12 

7 – Play a 
Song 

practice 

find and play the song “Against The Wind” 
find and play the song “Better Together” 
find and play the song “Bron-Yr-Aur” 
find and play the song “Christmas Vacation” 
find and play the song “Custard Pie” 

test 
find and play the song “Clocks” 
find and play the song “Feliz Navidad” 
find and play the song “High Fidelity” 

 
The task instructions where shown on an 8 x 11-1/2 sheet mounted on a clipboard 
located just above the touchscreen.  Subjects were also shown how to use the back key 
if they made a mistake.  All tasks began on the “home” screen that was covered with a 
piece of paper held by the experimenter to prevent the subject from searching the 
screen for the initial selection before the trial began.  The experimenter used a 
countdown to start each trial “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear),” so trials 
began after the shutter opened.  When the task was complete, subjects were asked to 
say, “done.”  Songs were retrieved from an experimenter provided and connected 
iPhone that contained 1,490 songs.  For additional information, see the instructions in 
Appendix C. 
 

Subjects 
 
Twenty-four licensed drivers served as subjects. They were evenly divided between 2 
age groups (ages 25-35 and 45-55, 12 each) with an equal number of men and women 
in each age group.  Subjects were recruited via an advertisement on Craigslist (see 
Appendix D) and from a list of subjects from previous studies who were willing to 
participate in future studies.  (See Appendix E for the phone recruiting script.)  All 
participants were required to own a smart phone (iPhone, Android, BlackBerry, 
Windows Phone, etc.) and have experience using a navigation system to reduce 
training time.   
 
Subjects were paid $50 each for the single session that took 2.5 hours or less.  All 
subjects could see reasonably well (far acuity and 80 cm acuity).  Some 21 subjects had 
experience using an iPod/iPhone, and 14 subjects had used navigation systems before.  
Only one subject had not used an iPod or iPhone or a navigation system previously. 
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RESULTS 
What Are the Occlusion Task Completion Times for the 7 Tasks Examined?  Do 
the Visual-Manual Interfaces Meet the US DOT Guidelines? 
 
The primary dependent measure was the total occlusion task time, the time from when 
the experimenter said “go” until the subject said “done” while wearing the operating 
occlusion goggles.  When the goggles were operating, the goggles cycled between 
allowing the subject to see the interface for 1.5 s and not see it for another 1.5 s, 
corresponding to looking between the device and the road.  Thus, these times can 
roughly estimate how long the task would actually take while driving with light to 
moderate primary task workload.  
 
According to the U.S. DOT/NHTSA Guidelines (U.S. Department of Transportation, 
2012), the maximum number of glances allowed is 6.  As each glance cycle consists of 
a 1.5 s glance and a 1.5 s occlusion, the maximum total allowable task time is (1.5 + 
1.5) x 6 = 18 s. 
 
As shown in Table 5, the mean task times varied quite widely between tasks, from about 
8 to 83 s.  From longest to shortest, tasks are “enter an address,” “play a song,” “enter a 
point of interest (POI),” “dial a phone number,” “call a contact,” “tune the radio to a 
frequency,” and “tune the radio to a preset.”  However, only 2 tasks that related to tuning 
the radio were completed within 18 s.  For practical reasons, the subject sample did not 
match that proposed by the US DOT, but even if the sample matched US DOT 
requirements, the outcome would be the same.  Tasks that related to navigation took far 
more time than the US DOT guideline.  
 

Table 5. Occlusion Task Completion Times 

Block Task Trial Mean 1 2 3 
1 Tune the radio to frequency* 12.9 15.7 12.3 13.6 
2 Find and call the contact 21.2 23.4 24.3 23.0 
3 Enter and go to the address 89.7 84.7 74.6 83.0 
4 Dial the phone number 25.8 24.9 26.2 25.6 
5 Through “POI Category” find and go 28.0 24.6 26.7 26.5 
6 Tune the radio to preset 6.6 9.0 8.8 8.1 
7 Play the song 36.7 46.4 71.9 51.7 

Mean 31.6 32.7 35.0 33.1 
*Tasks completed within the 18-s guideline are shown in bold. 
 
Performance was reasonably stable over trials, suggesting the amount of practice 
provided was adequate.  The one exception is for Block/Task 7, Trial 3, which took 
longer than the previous 2 trials.  For this trial, subjects searched for a song in the later 
part of the song list compared to the first two trials.  Therefore, subjects spent more time 
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swiping the list and searching back and forth around the song.  For all 21 tested tasks, 
the mean time was 33.1 s and standard deviation was 28.4 s. 
 
Tables 6 and 7 provide a more detailed view of the total task times, showing them by 
age and gender.  Times for middle-aged subjects average 40% longer than those for 
young subjects, but the ratio varied with the task from 23 to 49% greater, though not in a 
systematic manner related to task duration.  Task completion times for women were 
generally greater than those for men, with large variations between tasks.  The greatest 
completion time discrepancy was for the address-searching task, which was 50% 
greater for women.
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Table 6. Mean Occlusion Task Completion Times by Age 

Block Task 
Young (25-35) Middle (45-55) 

Ratio Trial Mean Trial Mean 1 2 3 1 2 3 
1 Tune the radio to frequency 12.7 13.1 10.8 12.1 13.1 18.3 13.8 15.0 1.24 
2 Find and call the contact 17.1 18.8 19.6 18.5 25.3 28.0 29.1 27.5 1.49 
3 Enter and go to the address 74.5 67.3 61.3 67.7 104.9 102.2 87.9 98.3 1.45 
4 Dial the phone number 19.9 21.0 22.3 21.1 31.6 28.8 30.1 30.1 1.43 
5 Through “POI Category” find and go 24.3 21.5 25.4 23.8 31.8 27.8 28.0 29.2 1.23 
6 Tune the radio to preset 6.1 7.8 8.0 7.3 7.2 10.3 9.5 9.0 1.23 
7 Play the song 31.3 38.0 60.4 43.2 42.1 54.8 83.4 60.1 1.39 

Mean 26.5 26.8 29.7 27.7 36.6 38.6 40.3 38.5 1.39 
 
 

Table 7. Mean Occlusion Task Completion Times by Gender 

Block Task 
Male Female 

Ratio Trial Mean Trial Mean 1 2 3 1 2 3 
1 Tune the radio to frequency 12.4 14.9 17.2 14.8 13.3 16.4 12.5 14.1 0.95 
2 Find and call the contact 16.6 18.9 21.2 18.9 25.8 27.8 27.5 27.1 1.43 
3 Enter and go to the address 88.8 85.5 76.3 53.6 90.6 83.9 72.9 82.5 1.54 
4 Dial the phone number 25.4 27.3 24.9 25.9 26.1 22.4 27.5 25.3 0.98 
5 Through “POI Category” find and go 30.4 24.6 28.6 27.9 25.7 24.7 24.8 25.1 0.90 
6 Tune the radio to preset 6.8 8.0 9.3 8.0 6.5 10.1 8.2 8.2 1.03 
7 Play the song 32.5 48.9 68.2 49.9 40.8 43.8 75.7 53.4 1.07 

Mean 30.4 32.6 35.1 28.4 32.7 32.7 35.6 33.7 1.19 
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Figure 6 shows the trend that the absolute differences in mean task time between ages 
decreased as the task required less time to complete.  For example, given different age 
groups, subjects spent about the same time for tasks in Block 6.  For tasks requiring 
more than 60 s, the differences between young and middle-aged drivers could be 30 s 
(Block 3).  The task completion time would be much longer for elderly drivers for 
complex tasks. Those differences are quite apparent for tasks in excess of 60 s.  
 

 
Figure 6. Distribution of Mean Occlusion Task Times by Age Group 

 

What Are the Estimated Static and Occlusion Total Task Times for These Tasks 
as Estimated by SAE J2365, KLM, MTM, and Pettitt’s Method? 
 
Task times were estimated following the SAE J2365 Recommended Practice with some 
additional enhancements.  First the J2365 data need to be adjusted, since the age 
groups in J2365 (18-30, 55-60) were different than those here (25-35, 45-55).  It was 
assumed that the times in J2365 best represent the mean of the age groups (24 and 
57.5 years) and that the performance linearly increases with age.  The ratio between 
task times for the 2 age groups in J2365 is 1.7:1.  Thus, using (24,1) and (57.5, 1.7) as 
the 2 data points, the resulting prediction is that the 
 
age multiplier = 0.0209 (mean group age) + 0.499, where the age is in years 
 
The 2 age groups in this experiment were 25-35 (mean = 30) and 45-55 (mean = 50).  
Thus, the operators should be adjusted by multiplying the young subjects in J2365 by 
1.126 (0.0209 x 30 + 0.499) and 1.544 (0.0209 x 50 + 0.499).  That leads to the 
adjusted J2365 values in Table 8. 
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Table 8. SAE J2365 Data Revised to Fit the Samples in This Study 

Code Name Operator Description 

Time (s) 
Young 
Drivers 
(25-35) 

Middle 
Drivers 
(45-55) 

Rn Reach near from steering wheel to other parts 
of the wheel, stalks, or pods 0.35 0.54 

Rf Reach far from steering wheel to console 0.51 0.78 
C1 Cursor once press a cursor key once 0.90 1.39 

C2 Cursor 2 times or 
more 

time/keystroke for the 2nd and 
each successive cursor keystroke 0.45 0.70 

L1 Letter or space 1 press a letter or space key once 1.13 1.74 

L2 Letter or space 2 
times or more 

time/keystroke for the 2nd and 
each successive cursor keystroke 0.56 0.87 

N1 Number once press the letter or space key once 1.01 1.56 

N2 Number 2 times or 
more 

time/keystroke for the 2nd and 
each successive number key 0.51 0.78 

E Enter press the enter key 1.35 2.09 
F Function keys or shift press the function keys or shift 1.35 2.09 
M Mental time/mental  operation 1.69 2.61 

S Search search for something on the 
display 2.59 4.00 

Rs Response time of 
system-scroll time to scroll one line 0.00 0.00 

Rm Response time of 
system-new menu time for new menu to be painted 0.50 0.50 

 
 
J2365 does not contain an operator (task element) for turning a knob, so data from 
Schneegass, Pfeging, Kern, and Schmidt (2011) was used to estimate that time (Table 
3).  However, in this case, the predictions of greatest interest are those from Pettitt’s 
method, which are adjustments of J2365 times to account for occlusion.  To facilitate 
such predictions, an Excel macro was written that applied Pettitt’s 3 rules to 
spreadsheets containing J2365 analyses and estimates occlusion times. 
 
The following section shows the comparison between empirical task time and the 
predicted occlusion task time.  Comparison of predicted occlusion time and predicted 
static time are also provided. 
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Tune the Radio (Block 1) 
 
For this task, the prediction varied with the strategy the subjects chose.  The knobs on 
the head unit had fixed distance (scale) for turning 1 unit, which was 11.25 deg, and 
turning 1 unit could change the frequency by 0.2 MHz (FM).  Therefore, turning the knob 
360 deg clockwise was a change of 32 units, and the frequency would increase from 
87.5 to 93.9.  Subjects could turn the knob either clockwise or counter-clockwise, 90 deg 
or 180 deg each time.  The behavior of turning the knob could be split to gross and fine 
adjustment.  For the prediction, the strategies subjects used were assumed as follows.  
All subjects started tuning at 107.1 MHz, which was the radio frequency for last practice 
trial.   
 

1. For gross adjustment 
a. choose clockwise or counter-clockwise in this task, 
b. choose to turn the knob 90 deg (8 units) or some combination of 90 deg 

and 180 deg (16 units) each time, 
c. begin fine adjustment if the frequency difference to the target was less 

than half of the scales per turn (4 units, 0.8 MHz for 90 deg; 8 units, 1.6 
MHz for 180 deg). 

2. For fine adjustment 
a. turn the knob 11.25 deg (1 unit) each time. 

 
Schneegass, Pfleging, Kern, and Schmidt (2011) provide times to turn a knob 45 deg, 
90 deg, and 180 deg.  Based on that data, a quadratic expression (Figure 7) was used 
to determine the time of turning a knob for different angles.  The fit was quite good 
(R2 = 0.92).  Therefore, turning the knob for 1 unit (11.25 deg) in this task took 0.96 s 
(clockwise) and 0.94 s (counter-clockwise), and was represented by the operator of “1-
CTurn” and “1-CCTurn,” respectively. 
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Figure 7. Time Needed to Turn a Knob for Different Angles 

 
Tables 9, 10, and 11 show how the predictions were generated based on Pettitt’s 
Method and how the occlusion task analyses differed from the static task analyses.  The 
times from J2365 were adjusted to match the young- and middle-aged subject groups 
that were tested.  Based on the third assumption of Pettitt, Burnett, and Stevens (2007), 
turning the knob was affected by the occlusion, because subjects needed visual 
feedback about how far the knob had been turned.  In contrast to other tasks in this 
experiment, turning a knob was a series of wrist rotations.  Therefore, it was assumed 
that if subjects were interrupted by the occlusion, their wrist would remain in position 
and they would continue the task when the occlusion ended. 
 
According to the observation in this experiment, when tuning the frequency to FM 92.5, 
subjects might turn the knob clockwise or counter-clockwise (Table 9), but would only 
turn clockwise for the other 2 tasks.  Besides “1-CTurn” and “1-CCTurn,” the operators 
related to turning the knob also included CTurn90, CTurn180 for turning clockwise, and 
CCTurn90, CCTurn180 for counter-clockwise, in which the 90 and 180 represented the 
angle of rotation (e.g. clockwise turn the knob for 180 deg). 
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Table 9. Predicted Static and Occlusion Task Times for “Tune Radio to 92.5” 

Subtask Operator Operator Time: 
Young, Middle 

Young Task Time Middle Task Time 
Static Occlusion Static Occlusion 

Clockwise, 90 deg 
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
107.1 to 88.1 CTurn90 1.16, 1.16 6.90 10.16 9.75 10.27 
88.1 to 89.7 CTurn90 1.16, 1.16 8.06 12.82 10.91 12.93 
89.7 to 91.3 CTurn90 1.16, 1.16 9.22 15.48 12.07 15.59 
92.7 to 92.5 1-CCTurn 0.96, 0.96 10.18 16.44 13.03 18.05 

Counter Clockwise, 90 deg 
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
107.1 to 105.5 CCTurn90 1.14, 1.14 6.88 10.14 9.73 10.25 
105.5 to 103.9 CCTurn90 1.14, 1.14 8.02 12.78 10.87 12.89 
103.9 to 102.3 CCTurn90 1.14, 1.14 9.16 15.42 12.01 15.53 
102.3 to 100.7 CCTurn90 1.14, 1.14 10.30 18.06 13.15 18.17 
100.7 to 99.1 CCTurn90 1.14, 1.14 11.44 19.20 14.29 19.31 
99.1 to 97.5 CCTurn90 1.14, 1.14 12.58 21.84 15.43 21.95 
97.5 to 95.9 CCTurn90 1.14, 1.14 13.72 24.48 16.57 24.59 
92.7 to 92.5 1-CCTurn 0.96, 0.96 16.96 25.44 19.81 27.05 
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Table 9. Predicted Static and Occlusion Task Times for “Tune Radio to 92.5” (continued) 

Clockwise, 180 deg + 90 deg 
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
107.1 to 89.7 CTurn180 1.74, 1.74 7.48 12.24 10.33 12.35 
89.7 to 92.9 CTurn180 1.74, 1.74 9.22 15.48 12.07 15.59 
92.9 to 92.7 1-CCTurn 0.96, 0.96 10.18 16.44 13.03 18.05 
92.7 to 92.5 1-CCTurn 0.96, 0.96 11.14 18.90 13.99 19.01 

Counter Clockwise, 180 deg + 90 deg 
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
107.1 to 103.9 CCTurn180 1.4, 1.4 7.14 10.40 9.99 12.01 
103.9 to 100.7 CCTurn180 1.4, 1.4 8.54 13.30 11.39 13.41 
100.7 to 97.5 CCTurn180 1.4, 1.4 9.94 16.20 12.79 16.31 
97.5 to 94.3 CCTurn180 1.4, 1.4 11.34 19.10 14.19 19.21 
94.3 to 92.7 CCTurn90 1.14, 1.14 12.48 21.74 15.33 21.85 
92.7 to 92.5 1-CCTurn 0.96, 0.96 13.44 24.20 16.29 24.31 
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Table 10. Predicted Static and Occlusion Times for "Tune the Radio FM 97.7" 

Subtask Operator Operator Time:  
Young, Middle 

Young Task Time Middle Task Time 
Static Occlusion Static Occlusion 

Clockwise, 90 deg 
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
92.5 to 94.1 CTurn90 1.16, 1.16 6.90 10.16 9.75 10.27 
94.1 to 95.7 CTurn90 1.16, 1.16 8.06 12.82 10.91 12.93 
95.7 to 97.3 CTurn90 1.16, 1.16 9.22 15.48 12.07 15.59 
97.3 to 97.5 1-CTurn 0.96, 0.96 10.18 16.44 13.03 18.05 
97.5 to 97.7 1-CTurn 0.96, 0.96 11.14 18.90 13.99 19.01 

Clockwise, 180 deg + 90 deg 
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.5, 0.5 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
92.5 to 95.7 CTurn180 1.74, 1.74 7.48 12.24 10.33 12.35 
95.7 to 97.3 CTurn90 1.16, 1.16 8.64 13.40 11.49 15.01 
97.3 to 97.5 1-CTurn 0.96, 0.96 9.60 15.86 12.45 15.97 
97.5 to 97.7 1-CTurn 0.96, 0.96 10.56 18.32 13.41 18.43 
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Table 11. Predicted Static and Occlusion Times for "Tune the Radio FM 102.7" 

Subtask Operator Operator Time:  
Young, Middle 

Young Task Time Middle Task Time 
Static Occlusion Static Occlusion 

Clockwise, 90 deg 
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
97.7 to 99.3 CTurn90 1.16, 1.16 6.90 10.16 9.75 10.27 
99.3 to 100.9 CTurn90 1.16, 1.16 8.06 12.82 10.91 12.93 
100.9 to 102.5 CTurn90 1.16, 1.16 9.22 15.48 12.07 15.59 
102.5 to 102.7 1-CTurn 0.96, 0.96 10.18 16.44 13.03 18.05 

Clockwise, 180 deg + 90 deg	  
Reach the center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 
Read home screen M 1.69, 2.61 2.20 3.00 3.39 3.39 
Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for radio screen to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 
Read the current frequency M 1.69, 2.61 5.74 9.00 8.59 9.11 
97.7 to 100.9 CTurn180 1.74, 1.74 7.48 12.24 10.33 12.35 
100.9 to 102.5 CTurn90 1.16, 1.16 8.64 13.40 11.49 15.01 
102.5 to 102.7 1-CTurn 0.96, 0.96 9.60 15.86 12.45 15.97 
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Table 12 shows the comparison between the experimental and the predicted times for 
tuning the radio.  On average, the prediction overestimated the experimental task times 
by 39.7%, possibly because these were reasonably practiced subjects and they spent 
less time rotating the knob.  Subjects might get used to the control/response of the 
knob/display and could keep tuning the knob even when they were occluded.  An 
alternative explanation is that subjects continued operating the knob during periods of 
occlusion. 
 

Table 12. Total Occlusion Task Time for “Tuning the Radio” 

Tune 
the 

Radio 
to 

Actual 
Experiment Prediction 

Young Middle 

Young Middle 

90 deg 180 deg +  
90 deg 90 deg 180 deg + 

90 deg 
CW* CCW CW CCW CW CCW CW CCW 

FM 92.5 12.7 13.1 16.4 25.4 18.9 24.2 18.1 27.1 19.0 24.3 
FM 97.7 13.1 18.3 18.9 18.3 19.0 18.4 
FM102.7 10.8 13.8 16.4 15.9 18.1 16.0 

Mean 12.2 15.1 17.2 20.7 17.7 19.5 18.4 21.7 17.8 19.6 
18.7 19.3 

13.6 19.0 
*CW stands for “clockwise”. CCW stands for “counter clockwise”. 90 deg stands for 
“subjects rotate the knob only for 90 deg”, 180 deg + 90 deg stands for “subjects mainly 
rotate the knob 180 deg, but 90 deg when necessary.”   
 
However, people may argue that turning a knob does not require visual resources, 
because the user’s hand is already at the knob and the feedback from the knob can be 
tactile.  In Table 13, the occlusion task predictions were calculated, assuming the 
occlusion did not interrupt turning the knob.  In this case, the prediction overestimated 
the experimental times by only 6%, which is quite good. 
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Table 13. Total Occlusion Task Time for “Tuning the Radio” 
(Vision Is Not Required for Tuning) 

Tune 
the 

Radio 
to 

Actual 
Experiment Prediction 

Young Middle 

Young Middle 

90 deg 180 deg + 
90 deg 90 deg 180 deg + 

90 deg 
CW* CCW CW CCW CW CCW CW CCW 

FM 92.5 12.7 13.1 13.4 17.9 14.4 16.7 13.6 18.1 14.5 16.8 
FM 97.7 13.1 18.3 14.4 13.8 14.5 13.9 
FM102.7 10.8 13.8 13.4 12.9 13.6 13.0 

Mean 12.2 15.1 13.7 15.2 13.7 14.5 13.9 15.4 13.8 14.6 
14.3 14.5 

13.6 14.4 
 
 
Find and call the contact (Block 2) 
 
In contrast to other tasks, the only way to find a contact for this interface was to scroll 
through a list of contacts by flicking on the screen in a manner similar to many touch-
based portable devices such as an iPhone, Android phone, or tablets.  However, in the 
SAE J2365 guideline, there is no operator for flicking, though one could use the P 
operator in keystroke level model (KLM) for pointing an object on screen.  Also, how 
many flicking operations are needed to reach a certain location in a list was unknown, 
an implementation specific issue.  To gain insight into flicking operations, in particular to 
better understand strategies subjects used, the recording of test trials from a sample of 
8 subjects (2 subjects per age x gender group) were examined in detail. 
 
Figure 8 shows the distributions of how subjects scrolled the contact list.  Notice there 
were 4 different methods, subjects could 1) flick on the screen and wait until the 
scrolling slowed down or stopped, 2) flick the list frequently without waiting, 3) scroll the 
screen page after page, and 4) flick on the screen and stop a list immediately with their 
finger.   
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Figure 8. Different Methods Used by Subjects for Tasks in Block 2 

 
For middle-aged subjects, the flick and wait method was more common, used by slightly 
more than half of the subjects.  Young subjects used the first 3 methods more often than 
the fourth method, flick and stop.  The inconsistency in method usage within and 
between young and middle-aged subjects made determining the estimated task time 
more difficult.  On average, both young and middle-aged subjects flicked 4.5 times (all 4 
methods included) to get the desired contact.  Young subjects spent 2.11 s per flick 
while middle-aged subjects took about 24% longer, which was 2.63 s per flick.  The time 
included flicking, waiting, and screen scrolling, so the interval was greater than the P 
operator from the KLM (1.1 s).  As flicking is becoming an increasingly important 
selection method, more detailed predictions of when particular flicking methods are 
used and their durations are needed, predictions that can be developed from further 
analysis of this data. 
 
Table 14 shows the prediction with the operators from J2365, KLM and experimental 
result for this “find and call contact” task.  Because subjects flicked the contact list 4.5 
times on average and the operator applied to each flick had 2 “R10B” of MTM (226.8 ms 
x 2 = 453.6 ms ≅ 0.45 s), the prediction for flicking on the screen and searching in the 
contact list was 2.03 s (0.45 s x 4.5 times).  In this occlusion experiment, young subjects 
spent 9.5 s flicking on the contact list, while middle-aged subjects spent 11.83 s. 
 
Comparing the predictions between static and occlusion tasks, the difference was 
mostly created by the subtask of flicking on the contact list.  In the 1.5 s that the goggles 
opened, subjects had to look at the screen, flick on the screen, and wait for feedback 
from the system.  Subjects could recognize the feedback only when either the list 
stopped scrolling or it scrolled slowly.  In most cases, 1.5 s was too short for the system 
to give sufficient feedback, so the task time would be greatly affected by being occluded.  
Most subjects could only flick once per occlusion cycle. 
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Table 14. Predicted Static and Occlusion Time for All "Find and call the contact" 

Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read Home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Enter Phone E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for 
keypad to 
appear 

Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

Read Keypad 
screen M 1.69, 2.61 5.74 9.00 8.59 9.11 

Enter Contact E 1.35, 2.09 7.09 10.35 10.68 12.00 
Flick on the 
contact list for 
n times, stop 
the list, and 
drag to the 
contact 

Experiment 
Data 

2.03, 2.03 
(9.5, 11.83) 9.12 21.00 12.71 24.00 

Select the 
contact E 1.35, 2.09 10.47 22.35 14.80 27.00 

Call E 1.35, 2.09 11.82 24.00 16.89 30.00 
 
Table 15 shows the experiment time with the predicted time side by side for calling a 
contact.  The estimated time was 20% greater than the experimental task time.  The 
task time was proportional to how far down the alphabetical list the name was, with the 
least amount of time for “D,” more for “K,” and even more for “P.”  The prediction should 
be able to be improved by taking position in the list into account. 
 

Table 15. Total Occlusion Task Time for “Find and Call the Contact” 

Find and Call the Contact Actual Experiment Prediction 
Young  Middle  Young Middle 

Daniel Grass 17.1 25.3 24.0 30.0 
Kristina Elder 18.7 28.0 24.0 30.0 
Pretty Neat 19.6 29.1 24.0 30.0 
Mean 18.5 27.5 24.0 30.0 

23.0 27.0 
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Enter and Go To an Address (Block 3) 
 
Tables 16, 17, and 18 show the predicted static task times and predicted occlusion task 
times.  The main difference occurs when the subjects started to type multiple words 
continuously.  Pettitt’s method assumes that the visual interruption will further extend 
the time of typing.  However, the young subjects were less likely to be interrupted 
because of the shorter time they needed to type on the keypad. 
 

Table 16. Predicted Static and Occlusion Time for 
"Enter and Go to an Address: 374 Jackson Rd, Ann Arbor, MI" 

Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Activate 
navigation - 
search 

E 1.35, 2.09 3.55 4.35 5.48 6.00 

Wait for the navi 
menu to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

Read menu M 1.69, 2.61 5.74 9.00 8.59 9.11 
Enter address E 1.35, 2.09 7.09 10.35 10.68 12.00 
Wait for the 
address page to 
appear 

Rm 0.5, 0.5 7.59 12.00 11.18 12.50 

3 N1 1.01, 1.56 8.60 13.01 12.74 15.00 
7 N1 1.01, 1.56 9.61 15.00 14.30 18.00 
4 N1 1.01, 1.56 10.62 16.01 15.86 21.00 
Street E 1.35, 2.09 11.97 18.00 17.95 24.00 
J L1 1.13, 1.74 13.10 19.13 19.69 27.00 
a L1 1.13, 1.74 14.23 21.00 21.43 30.00 
c L1 1.13, 1.74 15.36 22.13 23.17 33.00 
k L1 1.13, 1.74 16.49 24.00 24.91 36.00 
s L1 1.13, 1.74 17.62 25.13 26.65 39.00 
o L1 1.13, 1.74 18.75 27.00 28.39 42.00 
n L1 1.13, 1.74 19.88 28.13 30.13 45.00 
Space L1 1.13, 1.74 21.01 30.00 31.87 48.00 
R L1 1.13, 1.74 22.14 31.13 33.61 51.00 
d L1 1.13, 1.74 23.27 33.00 35.35 54.00 
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Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Town/Zip-code E 1.35, 2.09 24.62 34.35 37.44 57.00 
A L1 1.13, 1.74 25.75 36.00 39.18 60.00 
n L1 1.13, 1.74 26.88 37.13 40.92 63.00 
n L2 0.56, 0.87 27.44 39.00 41.79 63.87 
Space L1 1.13, 1.74 28.57 40.13 43.53 66.00 
a L1 1.13, 1.74 29.70 42.00 45.27 69.00 
r L1 1.13, 1.74 30.83 43.13 47.01 72.00 
b L1 1.13, 1.74 31.96 45.00 48.75 75.00 
o L1 1.13, 1.74 33.09 46.13 50.49 78.00 
r L1 1.13, 1.74 34.22 48.00 52.23 81.00 
OK E 1.35, 2.09 35.57 49.35 54.32 84.00 
Wait for Town list 
to appear Rm 0.50, 0.50 36.07 51.00 54.82 84.50 

Read the list M 1.69, 2.61 37.76 54.00 57.43 87.11 
Select Ann Arbor E 1.35, 2.09 39.11 55.35 59.52 90.00 
Check the Go 
icon M 1.69, 2.61 40.80 57.04 62.13 93.00 

Click Go E 1.35, 2.09 42.15 58.39 64.22 96.00 
Wait for the 
Destination to 
appear 

Rm 0.50, 0.50 42.65 60.00 64.72 96.50 

Read the map M 1.69, 2.61 44.34 63.00 67.33 99.11 
Select Change 
Destination E 1.35, 2.09 45.69 64.35 69.42 102.00 

Wait for the 
system to scan Rm 0.50, 0.50 46.19 66.00 69.92 102.50 

Select Start 
routing E 1.35, 2.09 47.54 67.35 72.01 105.00 
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Table 17. Predicted Static and Occlusion Time for  
"Enter and Go to an Address: 2901 Forton Rd, Ann Arbor, MI" 

Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Activate 
navigation - 
search 

E 1.35, 2.09 3.55 4.35 5.48 6.00 

Wait for the navi 
menu to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

Read menu M 1.69, 2.61 5.74 9.00 8.59 9.11 
Enter address E 1.35, 2.09 7.09 10.35 10.68 12.00 
Wait for the 
address page to 
appear 

Rm 0.50, 0.50 7.59 12.00 11.18 12.50 

2 N1 1.01, 1.56 8.60 13.01 12.74 15.00 
9 N1 1.01, 1.56 9.61 15.00 14.30 18.00 
0 N1 1.01, 1.56 10.62 16.01 15.86 21.00 
1 N1 1.01, 1.56 11.63 18.00 17.42 24.00 
Street E 1.35, 2.09 12.98 19.35 19.51 27.00 
F L1 1.13, 1.74 14.11 21.00 21.25 30.00 
o L1 1.13, 1.74 15.24 22.13 22.99 33.00 
r L1 1.13, 1.74 16.37 24.00 24.73 36.00 
t L1 1.13, 1.74 17.50 25.13 26.47 39.00 
o L1 1.13, 1.74 18.63 27.00 28.21 42.00 
n L1 1.13, 1.74 19.76 28.13 29.95 45.00 
Space L1 1.13, 1.74 20.89 30.00 31.69 48.00 
R L1 1.13, 1.74 22.02 31.13 33.43 51.00 
d L1 1.13, 1.74 23.15 33.00 35.17 54.00 
Town/Zipcode E 1.35, 2.09 24.50 34.35 37.26 57.00 
a L1 1.13, 1.74 25.63 36.00 39.00 60.00 
n L1 1.13, 1.74 26.76 37.13 40.74 63.00 
n L2 0.56, 0.87 27.32 39.00 41.61 63.87 
Space L1 1.13, 1.74 28.45 40.13 43.35 66.00 
a L1 1.13, 1.74 29.58 42.00 45.09 69.00 
r L1 1.13, 1.74 30.71 43.13 46.83 72.00 
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Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

b L1 1.13, 1.74 31.84 45.00 48.57 75.00 
o L1 1.13, 1.74 32.97 46.13 50.31 78.00 
r L1 1.13, 1.74 34.10 48.00 52.05 81.00 
OK E 1.35, 2.09 35.45 49.35 54.14 84.00 
Wait for town list 
to appear Rm 0.50, 0.50 35.95 51.00 54.64 84.50 

Read the list M 1.69, 2.61 37.64 54.00 57.25 87.11 
Select Ann 
Arbor E 1.35, 2.09 38.99 55.35 59.34 90.00 

Check the go 
icon M 1.69, 2.61 40.68 57.04 61.95 93.00 

Click go E 1.35, 2.09 42.03 58.39 64.04 96.00 
Wait for the 
destination to 
appear 

Rm 0.50, 0.50 42.53 60.00 64.54 96.50 

Read the map M 1.69, 2.61 44.22 63.00 67.15 99.11 
Select change 
destination E 1.35, 2.09 45.57 64.35 69.24 102.00 

Wait for the 
system to scan Rm 0.50, 0.50 46.07 66.00 69.74 102.50 

Select start 
routing E 1.35, 2.09 47.42 67.35 71.83 105.00 
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Table 18. Predicted Static and Occlusion Time for 
"Enter and Go to an Address: 620 S State St, Ann Arbor, MI" 

Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Activate 
navigation - 
search 

E 1.35, 2.09 3.55 4.35 5.48 6.00 

Wait for the navi 
menu to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

Read menu M 1.69, 2.61 5.74 9.00 8.59 9.11 
Enter address E 1.35, 2.09 7.09 10.35 10.68 12.00 
Wait for the 
Address page to 
appear 

Rm 0.50, 0.50 7.59 12.00 11.18 12.50 

6 N1 1.01, 1.56 8.60 13.01 12.74 15.00 
2 N1 1.01, 1.56 9.61 15.00 14.30 18.00 
0 N1 1.01, 1.56 10.62 16.01 15.86 21.00 
Street E 1.35, 2.09 11.97 18.00 17.95 24.00 
S L1 1.13, 1.74 13.10 19.13 19.69 27.00 
Space L1 1.13, 1.74 14.23 21.00 21.43 30.00 
S L1 1.13, 1.74 15.36 22.13 23.17 33.00 
t L1 1.13, 1.74 16.49 24.00 24.91 36.00 
a L1 1.13, 1.74 17.62 25.13 26.65 39.00 
t L1 1.13, 1.74 18.75 27.00 28.39 42.00 
e L1 1.13, 1.74 19.88 28.13 30.13 45.00 
Space L1 1.13, 1.74 21.01 30.00 31.87 48.00 
S L1 1.13, 1.74 22.14 31.13 33.61 51.00 
t L1 1.13, 1.74 23.27 33.00 35.35 54.00 
Town/Zipcode E 1.35, 2.09 24.62 34.35 37.44 57.00 
a L1 1.13, 1.74 25.75 36.00 39.18 60.00 
n L1 1.13, 1.74 26.88 37.13 40.92 63.00 
n L2 0.56, 0.87 27.44 39.00 41.79 63.87 
Space E 1.35, 2.09 28.79 40.35 43.88 66.00 
a L1 1.13, 1.74 29.92 42.00 45.62 69.00 
r L1 1.13, 1.74 31.05 43.13 47.36 72.00 
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Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

b L1 1.13, 1.74 32.18 45.00 49.10 75.00 
o L1 1.13, 1.74 33.31 46.13 50.84 78.00 
r L1 1.13, 1.74 34.44 48.00 52.58 81.00 
OK E 1.35, 2.09 35.79 49.35 54.67 84.00 
Wait for town list 
to appear Rm 0.50, 0.50 36.29 51.00 55.17 84.50 

Read the list M 1.69, 2.61 37.98 54.00 57.78 87.11 
Select Ann 
Arbor E 1.35, 2.09 39.33 55.35 59.87 90.00 

Check the go 
icon M 1.69, 2.61 41.02 57.04 62.48 93.00 

Click Go E 1.35, 2.09 42.37 58.39 64.57 96.00 
Wait for the 
destination to 
appear 

Rm 0.50, 0.50 42.87 60.00 65.07 96.50 

Read the map M 1.69, 2.61 44.56 63.00 67.68 99.11 
Select change 
destination E 1.35, 2.09 45.91 64.35 69.77 102.00 

Wait for the 
system to scan Rm 0.50, 0.50 46.41 66.00 70.27 102.50 

Select start 
routing E 1.35, 2.09 47.76 67.35 72.36 105.00 

 
 
Table 19 shows the experimental and predicted occlusion task times for the address 
entry task.  The prediction again does well matching the time.  The only difference 
between J2365 prediction and the empirical time is task 3 for the middle-aged subjects.  
There are no abnormal cases or maneuvers in the task 3 although the time is about 20 
seconds less than the prediction.  The middle-aged subjects simply spend less time 
doing the last task. 
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Table 19. Total Task Time for “Enter and Go to the Address” 

Enter Address and Go To Actual Experiment Prediction 
Young  Middle  Young Middle 

374 Jackson Rd, Ann Arbor, MI 74.5 104.9 67.35 108.0 
2901 Forton Rd, Ann Arbor, MI 67.2 102.2 67.35 108.0 
620 S State St, Ann Arbor, MI 61.3 87.9 67.35 108.0 

Mean 67.7 98.3 67.35 108.0 
83.0 87.68 

 
 
Dial a Phone Number (Block 4) 
 
Table 20 shows the dialing task in detail.  With the highly familiar number pad, subjects 
could memorize the position of each number and possibly entered numbers while their 
vision was occluded.  
 

Table 20. Predicted Static and Occlusion Time for All "Dial a Phone Number" Tasks 

Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Enter phone E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for keypad 
to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

3, 6, 9 N1 1.01, 1.56 5.06 7.01 7.54 9.00 
1, 4, 7 N1 1.01, 1.56 6.07 9.00 9.10 12.00 
3, 6, 9 N1 1.01, 1.56 7.08 10.01 10.66 15.00 
7, 1, 3 N1 1.01, 1.56 8.09 12.00 12.22 18.00 
9, 3, 1 N1 1.01, 1.56 9.10 13.01 13.78 21.00 
3, 9, 7 N1 1.01, 1.56 10.11 15.00 15.34 24.00 
2, 5, 6 N1 1.01, 1.56 11.12 16.01 16.90 27.00 
8, 0, 4 N1 1.01, 1.56 12.13 18.00 18.46 30.00 
4, 7, 2 N1 1.01, 1.56 13.14 19.01 20.02 33.00 
6, 9, 8 N1 1.01, 1.56 14.15 21.00 21.58 36.00 
Send E 1.35, 2.09 15.50 22.35 23.67 39.00 
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Table 21 shows the experimental and predicted occlusion task times for dialing a phone 
number.  The predictions for the young subjects were about 1 second different from the 
experimental values.  However, for the middle-aged subjects, the task time was much 
less than predicted.  This may be because the task was well practiced.  

 
Table 21. Total Occlusion Task Time for Dial a Number 

Dial the Phone Number Actual Experiment Prediction 
Young  Middle  Young Middle 

313-793-2846 19.9 31.6 22.35 39.0 
646-139-5079 21.0 28.7 22.35 39.0 
979-317-6428 22.3 30.1 22.35 39.0 

Mean 21.1 30.1 22.35 39.0 
25.6 30.68 

 
 
Through “POI Category” Find and Go To (Block 5) 
 
Table 22 shows the predicted static and occlusion task times in detail. The occlusion 
had greater effects on the task time for young subjects.  As 6 different screens were 
read to complete this task, the number of mental operations required was significant.  
For middle-aged subjects, their mental processing time was 1 s longer when their vision 
was occluded, and they could use the time while occluded to finish the mental operation.  
Thus, the task times for static and occluded tasks for middle-aged subjects did not differ 
by much.  But for young subjects, even though they could finish the mental processes 
sooner, the process time (1.69 s) was still longer than the on/off cycle of the goggle (1.5 
s) and they needed to wait until the goggle reopened before proceeding to the next step.  
Thus, young subjects were more affected by the occlusion. 
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Table 22. Predicted Static and Occlusion Time for All "Through “POI Category” Find  
and Go To" Tasks 

Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Activate navigation 
- search E 1.35, 2.09 3.55 4.35 5.48 6.00 

Wait for the navi 
menu to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

Read menu M 1.69, 2.61 5.74 9.00 8.59 9.11 
Select POI 
category E 1.35, 2.09 7.09 10.35 10.68 12.00 

Wait for POI 
category list to 
appear 

Rm 0.50, 0.50 7.59 12.00 11.18 12.50 

Read list M 1.69, 2.61 9.28 15.00 13.79 15.11 
Select Near 
current position E 1.35, 2.09 10.63 16.35 15.88 18.00 

Wait for POI 
category list to 
appear 

Rm 0.50, 0.50 11.13 18.00 16.38 18.50 

Read list M 1.69, 2.61 12.82 21.00 18.99 21.11 
Select travel E 1.35, 2.09 14.17 22.35 21.08 24.00 
Wait for travel list 
to appear Rm 0.5, 0.5 14.67 24.00 21.58 24.50 

Read list M 1.69, 2.61 16.36 27.00 24.19 27.11 
Select airport E 1.35, 2.09 17.71 28.35 26.28 30.00 
Wait  for Airport 
list to appear Rm 0.50, 0.50 18.21 30.00 26.78 30.50 

Read list M 1.69, 2.61 19.90 33.00 29.39 33.11 
Select Ann Arbor 
Municipal 
Airport/YIP/Detroit 
Metro 

E 1.35, 2.09 21.25 34.35 31.48 36.00 

 
 
Table 23 shows the experimental and predicted occlusion task times for searching for a 
point of interest (POI).  Again, the predicted times are greater than the experimental 
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times, here by 33 % on average.  The difference is probably due to experience, with test 
subjects requiring less time for mental processes.   

 
Table 23. Total Task Time for “Find a POI (Point of Interest)” 

POI  Actual Experiment Prediction 
Young  Middle  Young Middle 

Ann Arbor Municipal Airport 24.3 31.8 34.4 36.0 
YIP 21.5 27.7 34.4 36.0 
Detroit Metro-McNamara 
Departures 25.4 28.0 34.4 36.0 

Mean 23.7 29.2 34.4 36.0 
26.5 35.2 

 
 
Note that this task (POI search) takes less time than the address entry task.  This is 
mainly because searching a point of interest involves fewer key entries but more mental 
processing.  However, mental processing can proceed (or is assumed to do so) during 
occlusion, but not visually demanding keystrokes.   
 
 
Tune the Radio to Preset (Block 6) 
 
The only difference between static and occlusion task time are the mental processes 
when subjects try to match the preset (Tables 24 and 25).  Otherwise, for this short task, 
the effect of visual interference is relatively low. 
 

Table 24. Predicted Static and Occlusion Time for "Tune the Radio to Preset 4" 

Subtask Operator 

Operator 
Time: 

Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read Home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Enter Radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for the 
Radio to appear Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

Preset matches M 1.69, 2.61 5.74 9.00 8.59 9.11 
Enter Preset 4 E 1.35, 2.09 7.09 10.35 10.68 12.00 
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Table 25. Predicted Static and Occlusion Time for "Tune the Radio to Preset 8 and 12" 

Subtask Operator 
Operator 

Time: 
Young, 
Middle 

Young Task  
Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read home 
screen M 1.69, 2.61 2.20 3.00 3.39 3.39 

Enter radio E 1.35, 2.09 3.55 4.35 5.48 6.00 
Wait for the 
radio to 
appear 

Rm 0.50, 0.50 4.05 6.00 5.98 6.50 

Preset does 
not match M 1.69, 2.61 5.74 9.00 8.59 9.11 

Flick to next 
page R10B 0.23, 0.23 5.97 9.23 8.82 9.34 

Preset 
matches M 1.69, 2.61 7.66 12.00 11.43 12.00 

Enter preset 4 E 1.35, 2.09 9.01 13.35 13.52 13.35 
 
 
Table 26 shows the experiment occlusion task time and the J2365 prediction time for 
tuning the radio to a preset.   
 

Table 26. Total Task Time for “Tune to a Radio Preset” 

Tune to a Radio Preset Actual Experiment Prediction 
Young  Middle  Young Middle 

Preset 4 6.1 7.2 10.4 12.0 
Preset 8 7.8 10.3 13.4 13.4 
Preset 12 8.0 9.5 13.4 13.4 

Mean 7.3 9.0 12.4 12.9 
8.2 12.6 

 
 
Play the song (Block 7) 
 
Similar to the Block 2 tasks, Block 7 tasks also required subjects to flick on the screen to 
find a specific song.  The same methods used to predict times for Block 2 were used for 
this task to predict static and occlusion times.  Given that the song list was far longer 
than the contact list, searching for and playing a song required more time. 
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Figure 9 shows the methods subjects used to flick on the list.  As the list is quite long, 
the majority of the subjects surfed the list quickly and repeatedly.  However, middle-
aged subjects were still more likely to flick and wait until the scrolling slowed down. 
 
 

 
Figure 9. Different Methods Used by Subjects for Tasks in Block 7 

 
Table 27 shows the predictions with J2365 for static task time and the Pettitt’s Method 
predictions.  The young subjects flicked 26.6 times during the selection of songs, and 
the middle-aged subjects flicked 27.3 times. The static prediction assumes the flicking 
time is 11.97 s (0.45 s x 26.6) and 12.29 s (0.45 s x 27.3) in total.  The biggest 
difference between static and occlusion predicted time is the assumed swipe time.  The 
occlusion task time is overestimated.  
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Table 27. Predicted Static and Occlusion Time for All "Play the Song" 

Subtask Operator 
Operator 

Time: 
Young, 
Middle 

Young Task Time Middle Task Time 

Static Occlusion Static Occlusion 

Reach for the 
center console Rf 0.51, 0.78 0.51 0.51 0.78 0.78 

Read the playlist M 1.69, 2.61 2.20 3.00 3.39 3.39 
Press "song" E 1.35, 2.09 3.55 4.35 5.48 6.00 
Flick on the 
album list for n 
times, stop the 
scrolling, and 
drag the list to 
the song 

Experiment 
data 

11.97, 
12.29 
(30.4, 
45.6) 

15.52 36.00 17.77 51.60 

Select the song E 1.35, 2.09 16.87 37.35 19.86 54.00 
 
 
Table 28 shows the experimental and predicted occlusion task times for retrieving and 
playing a song for each age group.  The experimental times were less than the 
prediction for the first 2 trials, but much greater for the last trial in 2 age groups.  The 
reason was that the song in trial 3 was in the very middle of a long alphabetically 
ordered song list.  This result indicates a need for an improved prediction of slider use 
that considers the position of a target item.  
 

Table 28. Total Occlusion Task Time for “Play the Song” 

Play the Song Actual Experiment Prediction 
Young  Middle  Young Middle 

Clocks 31.3 42.1 37.4 54.0 
Feliz Navidad 38.0 54.7 37.4 54.0 
High Fidelity 60.4 83.4 37.4 54.0 

Mean 43.2 60.1 37.4 54.0 
51.7 45.7 

 

Overall, How Well Did Pettitt’s Method Predict Occlusion Total Task Times? 
 
As Block 2 and Block 7 predictions make assumptions about the flick method, which 
varies, the mean time per flick and the number of flicks (both empirically determined 
from the data), those predictions could use some refinement.  In general, almost all of 
the predictions overestimated the experimental occlusion times.  Excluding Blocks 2 and 
Block 7, a regression analysis led to the following equations to adjust the predictions: 
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Young experimental time (s) = 1.08 (Pettitt’s method estimate) – 7.22, R2 = 0.96 
 
Middle-age experimental time (s) = 0.97 (Pettitt’s method estimate) – 5.02, R2 = 0.98 
 
Table 29 shows a summary of the task time predictions.  The prediction, as did the 
experimental data, showed that only tasks in block 1 and block 7 could be completed 
within 18 s.  Figure 10 further shows the plot and regression result.  The R2 shows that 
the Pettitt’s method predictions for each age group are reasonably precise and reliable.  
 

Table 29. Occlusion Task Time Predictions for All 7 Tasks  

Block Task Trial Mean 1 2 3 
1 Tune the radio to frequency* 21.7 18.7 16.6 19.0 
2 Find and call the contact 27.0 27.0 27.0 27.0 
3 Enter and go to the address 86.2 86.2 86.2 86.2 
4 Dial the phone number 30.7 30.7 30.7 30.7 
5 Through “POI Category” find and go 35.2 35.2 35.2 35.2 
6 Tune the radio to preset 11.2 14.2 14.2 13.2 
7 Play the song 45.7 45.7 45.7 45.7 

Mean 36.8 36.7 36.4 36.6 
*Tasks could be completed within the 18-s guideline are shown in bold. 

 
Without the effect of occlusion, the prediction shows that 3 tasks (as shown in Table 30) 
could meet the 15-s rule for the driver interface in vehicle (Green, 1999).   
 

Table 30. Static Task Time Predictions for All 7 Tasks  

Block Task (Static) Trial Mean 1 2 3 
1 Tune the radio to frequency 14.4* 12.3 11.3 12.6 
2 Find and call the contact 14.4 14.4 14.4 14.4 
3 Enter and go to the address 59.8 59.6 60.1 59.8 
4 Dial the phone number 19.6 19.6 19.6 19.6 
5 Through “POI Category” find and go 26.4 26.4 26.4 26.4 
6 Tune the radio to preset 8.9 11.3 11.3 10.5 
7 Play the song 18.4 18.4 18.4 18.4 

Mean 23.1 23.1 23.1 23.1 
*Tasks could be completed within the 15-s static time rule are shown in bold. 
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Figure 10. Overall Predicted and Empirical Task Time for Different Age Group  

(Block 2 and 7 Excluded) 
 
Figure 11 shows the overall predicted time including all of the tasks.  The predicted 
result is slightly off the empirical data compared to the prediction that excludes block 2 
and 7.  However, the R2 for both young and middle-aged subjects are still promising 
(0.87 and 0.91).   
 
 

y"="1.08x")"7.22"
R²"="0.96"

y"="0.97x")"5.02"
R²"="0.98"

0"

20"

40"

60"

80"

100"

120"

0" 20" 40" 60" 80" 100" 120"

Em
pi
ric

al
"T
as
k"
Ti
m
e"
(s
)"

Predicted"Task"Time"(s)"

Middle)aged"Young"



 47 

 
Figure 11. Overall Predicted and Empirical Task Time for Different Age Group 

(Block 2 & 7 Included) 
 

How Could the Interfaces Be Improved? 
 
Tasks that involve a significant amount of typing are basically inappropriate for drivers 
to use during driving, at least as defined by the US DOT/NHTSA Visual-Manual 
Guidelines.  Tasks in that category include searching for a song by scrolling through a 
list, typing an address, or even dialing a series of numbers.  Alternatives examined in 
Lin, Green, Kang, Mize, Best, and Su (2012), such as entry of the first few letters of a 
song name or A-Z popups may reduce selection time.  Use of speech interfaces may be 
a viable alternative in some cases.  (See Barón and Green, 2006 and Lo and Green, 
2013).   
 
For this interface, POI selection required too many mental processes, so that total 
occlusion task time exceeded 18 seconds.  The number of options needs to be reduced 
to reduce task time.  A speech interface may be an option. 
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CONCLUSIONS 
 

What Are the Estimated Task Completion Times for Core Visual-manual Tasks as 
Estimated by SAE J2365 or Similar Procedures?  What Are the Task Completion 
Times for the Visual-manual Tasks When Tested Using the Proposed US DOT 
Occlusion Procedure (ISO 16673)? 
 
The task completion times were predicted using operators in SAE J2365, Keystroke-
Level Model (KLM), and Methods-Time Measurement (MTM), and some experimental 
data (for the behavior of flicking on the scroll list).  Without/with the effects of occlusion, 
the task completion time predictions for young (middle-aged) subjects were 9.6-17.0 
s/15.9-25.4 s (12.5-19.8 s/16.0-27.1 s) for tuning radio frequency, 11.8 s/24.0 s (16.9 
s/30.0 s) for finding and calling a contact, 47.4-47.8 s/67.4 s (71.8-72.4 s/105.0 s) for 
searching an address in navigation, 15.5 s/22.4 s (23.7 s/39.0 s) for dialing a phone 
number, 21.3 s/34.4 s (31.5 s/36.0 s) for searching for a POI, 7.1-9.0 s/10.4-13.4 s 
(10.7-13.5 s/12-15 s) for tuning radio presets, and 16.9 s/37.4 s (19.9 s/54.0 s) for 
playing a song. 
 
Middle-aged subjects were generally more affected by occlusion than young subjects.  
Tuning radio frequency was a special case as there was no age-specific data for turning 
a knob, so the predicted times for young and middle-age drivers were the same.  
 

Do the Visual-manual Interfaces Meet the US DOT Occlusion Guidelines? 
 
Tasks and subjects are not exactly as specified per the US DOT guidelines, because 
decisions about this project were made before the guidelines were released.  However, 
even though the subject ages and some task details differ, they are unlikely to change 
the conclusions of this report. 
 
Of the 7 tasks examined, only 2 are in compliance (selecting a preset, tuning to a 
specific frequency), taking less than 18 s in an occlusion experiment.  The tasks not in 
compliance include dialing a 10-digit phone number, calling a contact on a contact list, 
entering a street address and POI as the destination, and playing a song.  With 
improvements, it is possible that calling a contact, selecting a POI as a destination, and 
dialing a phone number may sometimes be completed within the time limit. 
 
How Well Do the Task Completion Times for Visual-manual Tasks Estimated 
Using Pettitt’s Method Predict Total Task Times Obtained Using the ISO/DOT 
Occlusion Procedures? 
 
For the tasks not related to scrolling lists, the predictions did not perfectly correspond to 
the experiment data, but were highly related.  The R2 between predicted and 
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experimental time is 0.96 for the young subjects and 0.98 for the older subjects.  The 
slopes of the regressions were close to 1.  The intercepts determined the differences 
between predicted and empirical data, which were -7.22 and -5.02.  The task time 
predictions were 7.22 s and 5.02 s beyond the experiment data for young and middle-
aged subjects, respectively.  The constant error was unexpected. 
 
For the 2 tasks involving scrolling lists, subjects’ flicking strategies and behavior varied, 
so that predicting task times was more difficult and less accurate.  The overall 
predictions including these 2 cases were not as good, with the R2 of 0.88 (young) and 
0.92 (middle aged).  The predictions were still beyond the experiment data for 6.86 s 
(young) and 3.57 s (middle aged).  There were 2 reasons why the predictions were less 
accurate.  For the subtask of “flick, stop, and drag on the list,” the time was estimated 
from the experiment data, because subjects were observed as having 4 behaviors 
flicking the scroll list and there was no proper operator for this.  Furthermore, the list for 
contacts included only 100 items, but the song list had 1,490 songs, and there was 
greater uncertainty about what subjects did.  For the song list, subjects had to flick more 
times on the touch screen, and more time was spent waiting until the scrolling list 
slowed down.  The accuracy was also affected by where the target was in the list.  For 
example, the experimental task-completion-times of playing the song “Clocks,” “Feliz 
Navidad,” and “High Fidelity” were 31.3 s, 38.0 s, and 60.4 s for young subjects, and 
42.1 s, 54.7 s, and 83.4 s for middle-aged ones, respectively, but their predictions were 
the same (37.4 s, 54.0 s).  This difference should become greater if a longer list was 
used. 
 

What Problems with the Interfaces Were Identified by Task Time Estimates and 
Occlusion Testing?  How Could the Interfaces Be Improved? 
 
There were no problems tuning the radio to different stations and presets, and these 
tasks could be readily completed while driving.  Subjects became accustomed to the 
knobs very quickly and the method tuning to a preset was simple. 
 
For some other tasks, calling a contact, dialing a phone number, and finding a POI and 
starting the navigation, task completion times were approximately 5-7 s greater than the 
18 s rules.  When flicking on and browsing a contact list, the task completion time was 
due to the number of the contacts.  There were 100 contacts assigned in this 
experiment, and it was believed that most subjects’ personal phones had more than 100 
contacts.  An improvement would be to provide the function of initial-letter searching.  
Thus, the candidates shown in the list would be much fewer.  Although this method 
adds 2 more subtasks (“M” to decide which initial letter to select, and “E” to select the 
letter), the task time for long lists should be reduced. 
 
For the tasks of dialing a phone number and finding a POI, the interfaces are more 
difficult to improve because the former has 10 digits to enter and the latter has 6 
different pages to read, subtasks that need to be completed.  Using speech to dial a 
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phone number and providing keyword searching may improve the performance, but the 
speech recognition accuracy and the algorithm of associating the entered strings to 
reasonable answers is challenging. 
 
Tasks whose occluded times far exceeded the 18-s limit in the US DOT guidelines, 
including searching an address with the navigation (83.0 s) and playing a song (51.7 s), 
should not be performed while driving.  Such long task completion times were due to the 
contents of the tasks and resources required.  The 2 tasks had too many operators of 
manually entering commands (Navi: 31 subtasks of pushing keys on keyboard; Song: 
about 27 times repeatedly flicking on the scroll list), which were highly visual-oriented.  It 
may be that speech entry is a viable alternative.  For searching an address, speech 
could be used to activate the destination entry function, select the entry method, enter 
the house number/street/town/state, and start the guidance.  For playing a song, the 
interface should support entering the artist, album, and song names with speech.  
Providing the keyword-searching function is another method for playing a song. 
 
However, as mentioned before, speech recognition accuracy and how users enter the 
speech commands need continued improvement, or the speech entry task completion 
time could be even longer than for visual-manual entry.  (See Lin, Green, Kang, 
Pettinato, and Best, 2013.) 
 

Closing Thoughts 
 
The primary intellectual contribution of this research is that it reinforces the merits of 
Pettitt’s Method, which allows estimates of occlusion task times to be developed in a 
fraction of the time required to conduct an occlusion experiment.  Furthermore, Pettitt’s 
Method calculations can be made when the interface is an early concept, whereas an 
occlusion test requires a working interface. 
 
Further, this report and related research (Lin, Green, Kang, Mize, Best, and Su, 2012) 
highlights the need to further enhance SAE J2365.  At this point, J2365 does not have 
operators for turning a knob or gestures related to swiping and scrolling.  Furthermore, 
given several that studies have been completed since its inception, additional 
verification of the operators and rules is appropriate.  In addition, the desired J2365 
predictions could be developed by further analyzing the data from this project and from 
those in the just mentioned report.  In addition, this report questions some of the 
assumptions in Pettitt’s method, questions that can be resolved by further analysis of 
the data in this report.  These questions should be addressed, as Pettitt’s method is an 
inexpensive alternative to the testing described in the DOT guidelines. 
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APPENDIX A – CONSENT FORM 

 

 
Participant # _________ 

Consent Form: Usability of a New Driver Interface, Experiment 2 
Investigator: Paul Green (763 3795) UMTRI Driver Interface Group 

 
This experiment will examine the usability of a mockup of a combined navigation system – radio by average 
drivers.  To begin, we will collect biographical data (your age, driving experience, etc.), driving data (e.g., miles 
driven/year), and check your vision.  Next, we will teach you to how perform several tasks (such as entering an 
address, changing the map scale) and then evaluate how difficult these tasks are to do using the visual 
occlusion procedure.  In that procedure, you will wear a special pair of goggles that can fit over glasses, if you 
need them.  The goggles intermittently block and then allow you to see an in-vehicle device.  This government-
supported test procedure is intended to be a simple simulation of seeing and using an in-vehicle device, and 
then looking at the road and not seeing it.  This procedure is much less costly than using a driving simulator or 
test vehicle to examine distraction.   
 
Accordingly, there is no driving in this experiment.  There are no risks associated with this experiment. 
 
Do not be concerned if you are not technically inclined or know much about how these devices work.  We will 
teach you how.  This is an evaluation of the device, not you.  These devices should be easy to use for everyone.  
In the interest of providing feedback to the sponsor quickly, they can watch and listen to the experiment as it 
occurs via a secure camera link, but you should to say what you think.  We do not know if they will record what 
you say, but we will, and we will examine your comments in detail later. 
 
You will be paid $40 for your time.  You may withdraw from this study at any time without penalty.  Of course, 
there are no costs to you since UMTRI parking is free.  The study should take about an hour and a half.  
 
What you said (but not your name) will appear in a publicly available report whose results will make future 
vehicles that you may drive less distracting.  Records will be kept confidential to the extent provided by federal, 
state, and local law, though various officials can inspect them.  The video/audio records will be kept for about 
10 years. 
 
If you have questions about your rights as a research participant, or wish to obtain information, ask questions 
or discuss any concerns about this study with someone other than the researcher(s), please contact the 
University of Michigan Health Sciences and Behavioral Sciences Institutional Review Board, 540 E Liberty St., 
Suite 202, Ann Arbor, MI 48104-2210, (734) 936-0933 [or toll free, (866) 936-0933], irbhsbs@umich.edu 
 

As was stated when you were scheduled for this experiment, all participants must be 
“videotaped” and can be seen on a secure camera link.  I therefore agree to be viewed and 
recorded, and realize my face may appear.  I understand that segments from my sessions 
may be used in presentations by the authors, by the sponsor, and by the media (e.g., on TV) 
to help explain this research.  My full name will not be disclosed.  

 
I have read and understand the information presented above, and all of my questions have been 
answered.  My participation is voluntary.  I agree to participate.  

_________________________   _________________________ 
Print your name     Date  
_________________________   _________________________ 
Sign your name     Witness (experimenter)  
 

Note: Keep one copy for the records and give the other to the participant.  
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APPENDIX B – OCCLUSION TEST BIOGRAPHICAL FORM 
 
Date:                                                           

Participant # 
 

 

Personal Information 
* Name  
* Phone  
* Email  

* May we contact you for future studies?        no      yes 
* Born  (month / day / yr)     ___ / ___ / ___   

* Occupation (if retired, main 
   occupation before retirement) 

 

* Education  
   (circle highest completed) 

High-School   Some-College    College-Degree       
Graduate-School 

* Major (Ex: Cognitive Psychology,  
   Micro-Biology, Accounting) 

 

 

Driving and Technology Use 
* What do you drive most often? Year __________ Make __________ Model 

_______ 
* How many miles do you drive per year?  

* Do you own a iPod?    no     yes    
* If yes, how many songs are stored on it?     

* Do you own a navigation system  
  (separate or built in)? 

   no     yes    

* If yes, manufacturer and model 
Manufacturer _________     Model 

___________ 
* Does your vehicle receive XM/Sirius radio?     no    yes     don’t know 
 

Vision    Circle what vision correction you use 
When driving: no-correction      contacts  glasses: multifocal, bifocal, reading, far-vision 
When reading: no-correction      contacts  glasses: multifocal, bifocal, reading, far-vision 
 

For the experimenter only 12526616 
     Far Acuity   1  2  3  4  5  6  7  8  9 10 11 12 13 14 
  T  R  R  L  T  B  L  R  L  B  R  B  T  R 
                                    20/200 100 70 50 40 35 30 25 22 20 18 17 15
 13 
     80 cm Acuity   1  2  3  4  5  6  7  8  9 10 11 12 13 14 
  T  R  R  L  T  B  L  R  L  B  R  B  T  R 
     Color-Abnormality  A  B  C  D  E  F 
  12  5  26  6  16  ~ 
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APPENDIX C – INSTRUCTIONS TO SUBJECTS 
 

Instructions for Experimenter and Subject, Occlusion Experiment 
August 3, 2012 

 
1. Before the subject arrives 
 
*When subject is scheduled, RESERVE A CONFERENCE ROOM 
 
<Go thought the items on the checklist one by one carefully by ONE PERSON ONLY 
first, and the second experimenter then goes through the items again to recheck>  
 
In the Lab 

• The key for Room 343A (with a piece of wood) or the door is unlocked 
• The antenna is connected, move out to the window 
• AV mixer is on 
• 1 mic faces the subject, 1 mic to the camera toward the instrument panel 
• 1 other microphone toward the instrument panel speaker (near feet) 
• Task cards for video are in the lab 
• The “Pause” card board (block the display when confidential information is 

shown) 
• Blank paper for notes and clipboard 
• Face camera at correct angle (Check focus in Morae) 
• Web cameras and tripods (Check focus in Morae) 
• IP camera: green light on 
• Check mirror position (to video goggles change) 
• Check subject spreadsheet for task order: choose correctly task board  
• Put Task board in front of screen with Title page out until exp starts 
• Back up batteries 
 

Navigation System 
• The navigation system (the SD memory card) is plugged in 
• The power to the instrument panel is on 
• Select frequency to FM 87.5 
• Push “Autostore” to save all channels with signals 
• Check that presets are all set to different stations 
• Push the navigation search button to clear the KIA logo 

 
iPhone 

• iPhone with the cord 
• Connect the iPhone (via Bluetooth) to the instrument panel 
• In the iPhone, select the song named “Adrift and at Peace” (the 7th in the song 

list), of soft music, and stop (pause) it 
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In subject’s folder (leave the folder in Rm341, with the vision test machine) 
• Consent form 
• Biographical form - Fill in as much information for the subject before they arrive 
• Payment form - Prepare payment 
• Pens for subject and experimenter 

 
 
On Computer 

• Start “Morae Recorder” in the “White Dell Windows 7 Desktop”.  Import the saved 
profile named “Morae Configuration for Occlusion.mrcfg” (in D:/Occlusion)   

• Check the images of the 2 webcams.  Check the audio level of the mixer and the 
level bar in Morae Recorder (below the PiP and audio input options) 

• Activate the recording in the Morae Recorder 
• On the “XP” machine (computer) run the Occlusion software device 
• Use browser to check the connection (141.211.92.198), ID: UMTRIHYUNDAI, 

password: di#09, switch to view mpeg4 
• Prepare occlusion goggles: clean, turn on, connect to XP computer 
• Have back up 9V batteries for occlusion goggles 

 
Occlusion Goggles Prep 

• Check battery in goggles 
• On the XP computer click the start button 
• Double click My Computer 
• Double click Local Disk (C:) 
• Open the folder titled Occlusion 
• Double click on the file named ToTaLcontrol.exe 
• Click the Default button 
• Under Control tab  

o Enter 0 under Delay 
o Enter 1500 under Open 
o Enter 1500 under Close 
o DO NOT ENTER OR CHANGE # UNDER PERIOD 
o Enter 100 under Number 

• Under Options tab 
o Set Sync to Internal Trigger 
o Set Goggles Start to Close 
o Set Goggles End to Close 
o Set Time Units to Milliseconds 
o DO NOT CHANGE LEFT OUTPUT 
o DO NOT CHANGE RIGHT OUTPUT 
o DO NOT CHANGE LEFT EXTERNAL TRIGGER INPUT 
o DO NOT CHANGE RIGHT EXTERNAL TRIGGER INPUT 
o DO NOT CHANGE PORT 

• Click Run 
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2. Greet the subject (go to front door 15 min early) 
 
Meet the subject in the lobby 
 
Introduce yourself and verify the subject:  “Hello, my name is (say your name).  You 
must be (say subject’s name).” 
 
Ask if the subject wants to go to the restroom or get a drink.  Say, “Let’s go into the 
conference room on the third floor and get started.”  Ask them if they want to use the 
stairs or elevator.  On your way up (if in elevator), ask, “May I please see your driver’s 
license? Thank you.” 
 
 
3. Explain what Occlusion is and have subjects fill out forms 
 
“The purpose of this experiment is to assess driver distraction.  The major concern is 
that if drivers are distracted, they are usually not looking at the road, but rather at a 
device in the vehicle.  Knowing where and when people are looking can help determine 
the risk of using a device while driving.  This can be determined in a driving simulator or 
on the road, but measuring where people are looking is expensive and time consuming.   
 
An alternative that is part of a government test procedure is to simulate being able to 
look at the device and then looking at the road (and not the device).  To do this, we 
have subjects wear a special pair of goggles with lenses that alternate between clear 
(so they can see the device) and milky (so they cannot see it).”  
 
“Today you will be given specific tasks to complete with a touchscreen and controls, 
such as changing radio stations, entering destinations, and so forth, all while you are 
wearing the goggles.  You will not actually be driving, so there are no risks associated 
with this experiment.” 
 
“The experiment takes about 2.5 hours or less, and you will be paid $50 for your efforts.  
You can stop at any time.” 
 
“The first thing to officially agree to do is this, which you do by signing this consent form.  
The consent form says much of what I just said in writing, but it is always good to read 
anything you sign before you sign it, just in case there is something I missed.  
 
Note that we will be videotaping what you do and will be showing some of what you say 
and do to others but we will not release your name.  If you have any questions, please 
ask them at any time.” 
 
Give subject a pen.  Have them sign the form.  Then, you sign the form as a witness. 
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“Next, for reporting purposes, we need some information about you.”   
 
Give them the biographical form.  When they return it, check all the bold bordered boxes 
are filled in. 
 
For students, if they cannot estimate mileage, ask them to estimate the number of trips 
and mileage/trip in the spring summer, and then do the same for the fall and winter 
when school is in session. 
 
4. Check their vision  
  
“We need to check your vision.  Put your glasses on or contacts in if you have not 
already done so.  Please place your forehead against the button.  For the entire test, 
keep looking straight ahead.” 
 
For each number or letter they get right, circle the number.  For each number they get 
wrong, slash the number or letter.  End the test when the subject gets two consecutively 
incorrect. 

 
“Thank you very much.” or “That’s all I need, thank you.” 
 
Test visual acuity (FAR #2) (no black eye piece, knob set to 2) 
 
“Can you see in the first diamond that one of the circles is complete but the other three 
are incomplete?  For each diamond, tell me its number and the location of the complete 
circle - Top, Bottom, Left, or Right.” 
 
Adjust the knob from 2 and back to make it appear something has changed. 
Insert the black eye piece. 
 
Test near vision (80 cm) (FAR #2) with Lenses (black eye piece, knob set to 2) 
 
“Can you see in the first diamond that one of the circles is complete but the other three 
are incomplete?  For each diamond, tell me its number and the location of the complete 
circle - Top, Bottom, Left, or Right.” 
 
Remove the black eye piece. 
 
Change to Color-abnormality (FAR #6) (no black eye piece, knob set to 6). 
 
"In each circle, there is a number.  Starting with Circle A, could you tell me the number?" 
(Circle F does not really have a number). 
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Note: Do not call it color abnormality, but a color vision check. 
 
Turn off the device. 
 
After paperwork and eye test are finished, go to the lab. Flip the sign on the door 
(experiment in progress) 
 
 
5.  Conducting the Experiment: Practice Tasks and Experiment Tasks 
 
***REMEMBER TO CLICK START ON THE XP COMPUTER TO START THE 
OCCLUSION GOGGLES & MORAE 
 
“Please sit in the driver’s seat and adjust the seat until you feel comfortable.  During the 
experiment today, I would like you to sit in a position as close as possible to how you 
would sit while driving.” 
 
The title card should be in place. 
 
“I will now turn off my phone to avoid any interruptions during the experiment.  If you 
have your phone with you can you please do the same?  Thank you.” 
 
“Okay, these 3 cameras are now recording what we do (point them out).  The face cam 
and screen cam will help us in our analysis later.  The face cam will record facial 
expressions and changes in the goggles.  The screen cam is to capture the interaction 
between your hand and the system.  The web cam is so that our sponsors can see what 
is happening live.”   
 
“In this experiment, you will complete various tasks using the in-car combination 
navigation/radio system while wearing goggles.  (The goggles should fit over your 
glasses.)  Following the government test procedure, the goggles will change from clear, 
when you can see through them, to milky, when you cannot see, and then clear to milky 
every 1.5 seconds.  I will first put on the goggles to demonstrate so you can see how 
they work.  See? Milky… clear…milky…clear.”  Take goggles off and explain further.  
 
“In total during the experiment today, we will go through 7 blocks of tasks. Each block is 
a different type of task and contains 5 practice trials where you will not wear the goggles 
and 3 experimental trials where you will wear the goggles. In total, you will complete 35 
practice trials without goggles and 21 experiment trials with goggles. To make sure the 
experiment is not overwhelming; you will also be doing two or more warm up tasks to 
practice wearing the goggles.” 
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WARM UP 
 
“I will teach you the warm up task and have you go through it without the goggles and 
then again with the goggles.  I will have you repeat this task until you are comfortable 
with the goggles.  At that point, I will teach you how to do each block of tasks with the 
goggles off, let you practice with the goggles off, and only then carry out the actual 
experimental trials with the goggles on.”   
 
“Here, (hand goggles to subject) you can now put on the goggles and experience how 
they feel.  See how they change from milky to clear?  Milky… clear… milky… clear.  
Now take the goggles off so you can see what I am doing with the system.  You will 
have a chance to try this with and without the goggles.”  
 
Goggle practice:  
 
“Without the goggles, you will navigate to a friend’s address that is stored in the address 
book of this system.” Show Task board and read it. “I will have you try this and I can 
answer questions and guide you as you go. When you think you have completed this 
task, please say ‘done’. I will say ‘3, 2, 1, GO’. While I do this please look at the face 
cam and continue to look at the face cam until I say GO.  When I say GO you may begin 
the task. I will use this counting process throughout the experiment. Ready?”  
 

• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 

Only say 1-7 where needed; if the subject needs help. 
 

1. “Touch the navigation search button. It is located at the bottom left of the screen 
and looks like a small magnifying glass and three small squares, in black and 
white.” 

2. “Touch the ‘Address Book’ icon which is located in the top row towards the right 
on this menu display.” 

3. “Touch the folder labeled ‘Friends’ to find the stored address we are looking for.” 
4. “We want ‘6066 Markel Rd’ so please touch the address where it appears on the 

screen.” 
5. “Good, now to activate the navigation to this destination you must touch ‘Change 

Destination’ located at the bottom left of the screen. The purpose of this is to 
change the address from what the navigation system was previously activated 
for.” 

6. “The final step is to begin the route to this address is to touch ‘Start Guidance’ at 
the  

7. “Say ‘Done’ when you have finished the task.” 
 
Teach subject where the BACK button is in case they make a mistake. 
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“Good.  You seem to understand the task.  Next you will repeat the task using the 
same method you just used.  Please put the goggles on and adjust them to where 
they feel comfortable.”  Wait.  “Are you ready to repeat the task?  As you can see, it is 
somewhat difficult to see what you are doing while wearing the goggles.  As we 
explained earlier, the goggles are supposed to simulate you looking from the display to 
the road and back to the display, but they enable me to control the timing and eliminate 
the need for you to be looking at the ‘road’.” 
 
Show/Read them the same task again. “I will say ‘3, 2, 1, GO’. While I do this please 
look at the face cam and continue to look at the face cam until I say GO.  When I say 
GO you may begin the task. Please say ‘DONE’ when you believe you have completed 
the task.”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
***Say what is numbered below if needed (if subject gets stuck). 
 

1. “Touch the navigation search button. It is located at the bottom left of the 
screen and looks like a small magnifying glass and three small squares, in 
black and white.” 

2. “Touch the ‘Address Book’ icon which is located in the top row towards the 
right on this menu display.” 

3.  “Touch the folder labeled ‘Friends’ to find the stored address we are looking 
for.” 

4. “We want ‘6066 Markel Rd’ so please touch the address where it appears on 
the screen.” 

5.  “Good, now to activate the navigation to this destination you must touch 
‘Change Destination’ located at the bottom left of the screen. The purpose of 
this is to change the address from what the navigation system was previously 
activated for.” 

6. “The final step is to begin the route to this address is to touch ‘Start Guidance’ 
at the  

7. “Say ‘Done’ when you have finished the task.” 
 
“Good. Please remove the goggles.  You seem to be comfortable with the goggles.  
Let’s move on.” OR Repeat task if subject is not yet comfortable. 
 
BLOCK 1 – RADIO station selection 
  
“The first block of tasks involves selecting a radio station. I will have you try to do the 
task with my guidance. Once you have completed the task you will do the following 
practice tasks using the same method as you did the first one. ”   
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Flip task tab and put the first practice task sheet in front of the display.  “Here is our first 
practice task.  I will read the task to you aloud.”  Read task to the subject and then place 
it on the dashboard so that they can still refer to it.  You will do this before each task 
and practice task.   
 
“I will say ‘3, 2, 1, GO’. While I do this please look at the face cam and continue to look 
at the face cam until I say GO.  When I say GO you may begin the task. Please say 
‘DONE’ when you believe you have completed the task.”  
 
“Please make sure you confirm that you have completed the task correctly by 
look at the task board before you say done throughout the experiment today. 
Ready?”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
(Give the guidance below if the subject needs assistance) 
 

1. “First, touch the button labeled ‘RADIO’ towards the middle of the screen” 
2. “Now use the knob at the bottom right of the controls, below the touch screen.” 
3. “Turn the knob until the number in the middle of the screen matches the 

station number on the task board.” 
4. “Please say done when you believe you have finished the task.” 

 
Teach subject where the BACK button is in case they make a mistake. 
 
“Good.”  Select Preset 1 and return to the Home screen.  “You will do 4 more practice 
tasks without the goggles to be sure you are comfortable with the system.  After that you 
will put the goggles back on for the 3 experimental tasks of this block.  Please use the 
same method you just used for each of the 7 more tasks for this block.  Now we 
will move on to practice task 2.” 
 
Flip the task tab.  Show/Read the subject the task board. “Please look at the face cam 
and continue to look at the face cam until I say GO.  When I say GO you may begin the 
task. Please say ‘DONE’ when you believe you have completed the task.  Ready?”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 5 practice tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember to return the radio to preset 1 before going to Home screen 

 



 69 

Radio Station Selection Description 
Practice 1 Using the tuning knob tune the radio to FM 89.1 
Practice 2 Using the tuning knob tune the radio to FM 97.1 
Practice 3 Using the tuning knob tune the radio to FM 96.3 
Practice 4 Using the tuning knob tune the radio to FM 100.9 
Practice 5 Using the tuning knob tune the radio to FM 107.1 
 
When the subject has completed all 5 practice tasks, move to the actual task.  “Now that 
you feel completely comfortable with this task, we will move on to the experimental trials 
with the goggles.  You will use the same steps to complete this task as you did in the 
practice trials.  I will first read you the task and then instruct you to put the goggles on.”  
Read task.  “Ok, put the goggles on.  Please face the face cam until I say ‘GO’.”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 3 exp tasks 
• When they finish each say, “Ok, Please take the goggles off until I instruct 

you to put them back on.”  
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember to return the radio to preset 1 before going to Home screen 

 
Radio Station Selection Description 
Task 1 Using the tuning knob tune the radio to FM 92.5 
Task 2 Using the tuning knob tune the radio to FM 97.7 
Task 3 Using the tuning knob tune the radio to FM 102.7 
 
 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Principles to Remember: 

• KEEP CONSISTANT TIMING THROUGHOUT EXPERIMENT 
 

• If subjects use the wrong method (e.g. use different buttons or path than 
specified to complete task) or misunderstand the content of the task, correct 
them immediately and give them the back-up task. 

 
• When system freezes or has errors, wait until system is stable to restart task - 

have the subject complete the back-up task.  
 

• Every time you operate the system (adjust, turn off AV, restart, etc.), use the 
“Pause” board to cover it.  Do not let subjects see what you do to the system. 
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• Remember to start each task at “Home”, except the music selection tasks (last 2).  
After every task, push the left knob to turn the AV system off (if it’s not working, 
tune the volume down, and then press Home). 
 

• Don’t let the subject take control. 
a. Say, “Please wait for my instructions,” if they seem to be jumping-the-gun 
b. Read the tasks to subjects 

 
• Try not to communicate with the other experimenter. 

 
• **Every time you (re)start the system cover the monitor (showing Kia logo) 

enter the navigation system (showing Hyundai Kia logo) with the monitor 
covered*** 
 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
 
After Block 1 is complete move on. 
 
 
BLOCK 2 – Call a Contact 
  
“Good. Please remove the goggles.  Now we will move on to Block 2.”  Show Block 2 
board to camera. 
  
“The second block of tasks involves calling a contact.  You will try to do the task and I 
can answer questions and give guidance when needed. Once you have completed the 
task you will do the following practice tasks using the same method as you did the 
first one.”   
 
Flip task tab and put the first practice task sheet in front of the display.  “Here is our first 
practice task.  I will read the task to you aloud.”  Read task to the subject and then place 
it on the dashboard so that they can still refer to it.  You will do this before each task 
and practice task.   
 
“I will say ‘3, 2, 1, GO’. While I do this please look at the face cam and continue to look 
at the face cam until I say GO.  When I say GO you may begin the task. Please say 
‘DONE’ when you believe you have completed the task.”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
(Give the guidance below if the subject needs assistance) 
 

1. “First, touch the button labeled ‘Bluetooth Phone’ with the green phone on it.” 
2. “Next touch the third tab across the top of the screen labeled ‘Contacts’.” 
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3.  “To reach this contact, you must scroll down. To scroll you can touch the 
screen and drag your finger up or down.” 

4. “NOTE: the names are in alphabetical order by first name.” 
5. “Touch the name of the contact.” 
6. “Now touch the number to make the call.” 

 
Once you hear “done,” wait 2 seconds. Then end the call and go back to the contact list. 
Teach subject where the BACK button is in case they make a mistake.  Next, 
cover the screen with the pause board and scroll back up to the A’s. Go to the home 
screen. 
 
“You will do 4 more practice tasks without the goggles to be sure you are comfortable 
with the system.  After that you will put the goggles back on for the 3 experimental tasks 
of this block.  Please use the same method you just used for each of the 7 more 
tasks for this block.  Now we will move on to practice task 2.” 
 
Flip the task tab.  Show/Read the subject the task board. “Please look at the face cam 
and continue to look at the face cam until I say GO.  When I say GO you may begin the 
task. Please say ‘DONE’ when you believe you have completed the task.  Ready?”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 5 practice tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember to return the contact list to the A’s before going to Home screen 

 
Call a Contact Description 
Practice 1 Using the touch screen find and call the contact Ale 
Practice 2 Using the touch screen find and call the contact Charles Winchester 
Practice 3 Using the touch screen find and call the contact Jessica Alba 
Practice 4 Using the touch screen find and call the contact Midge Igna 
Practice 5 Using the touch screen find and call the contact Ricky Racardo 
 
When the subject has completed all 5 practice tasks, move to the actual task.  “Now that 
you feel completely comfortable with this task, we will move on to the experimental trials 
with the goggles.  You will use the same steps to complete the next three tasks as 
you did in the practice trials.  I will first read you the task and then instruct you to put 
the goggles on.”  Read task.  “Ok, put the goggles on.  Please face the face cam until I 
say ‘GO’.”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
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• Repeat this process for the 3 exp tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember to scroll back to the A’s in the contact list before going to Home 

screen 
 

When the subject is finished with each trial, say, “Please take the goggles off until I 
instruct you to put them back on.”  
 
Call a Contact Description 
Task 1 Using the touch screen find and call the contact Daniel Grass 
Task 2 Using the touch screen find and call the contact Kristina Elder 
Task 3 Using the touch screen find and call the contact Pretty Neat 
 
 “Now we will move on to Block 3.”  Show Block 3  board to camera. 
 
 
BLOCK 3 – Enter an Address 
  
“The third block of tasks involves typing an address to navigate to that destination.  You 
will try to do the task on your own and I can answer questions and give guidance when 
needed. Once you have completed the task you will do the following practice tasks 
using the same method as you did the first one.”   
 
Flip task tab and put the first practice task sheet in front of the display.  “Here is the first 
practice task for block 3.  I will read the task to you aloud.”  Read task to the subject and 
then place it on the dashboard so that they can still refer to it.  Do this before each 
task and practice task.   
 
“I will say ‘3, 2, 1, GO’. While I do this please look at the face cam and continue to look 
at the face cam until I say ‘GO’.  When I say ‘GO’ you may begin the task. Please say 
‘DONE’ when you believe you have completed the task.”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
(Give the guidance below if the subject needs assistance) 
 

1. “First, touch the navigation search button located at the bottom left of the 
screen.  It looks like a magnifying glass with three squares. ” 

2. “Now choose the icon labeled ‘Address’. 
3. “Now you are on the screen where you can enter the house number. Touch 

the numbers.” 
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4. “To input a street, touch the ‘Street’ button located towards the top-middle of 
the screen.” 

5. “Type the address as it appears on the task sheet.” 
6. “When you finish, move on to the town and touch the button labeled 

‘Town/Zip’, located towards the top right of the screen.” 
7. “Once you have entered the town/city name, touch ‘Done’ at the bottom 

right of the screen.” 
8. “Now select the correct city and touch ‘Go’ towards the right of the 

screen.” 
9. “Now touch ‘Change Destination’ at the bottom left of the screen.” 
10. “The final step is to touch ‘Start Guidance’ at the bottom left of the screen.” 
11. “Say ‘Done’ when you believe you have completed the task.” 

 
Teach subject where the BACK button is in case they make a mistake. Go back 
into the address entry to do so. Also teach them how to delete misspellings. 
 
Once you hear “done,” wait 2 seconds.  Then put the system back to the home screen. 
 
“You will do 4 more practice tasks without the goggles to be sure you are comfortable 
with the system.  After that you will put the goggles back on for the 3 experimental tasks 
of this block.  Please use the same method you just used for each of the 7 more 
tasks for this block.  Now we will move on to practice task 2.” 
 
Flip the task tab.  Show/Read the subject the task board. “Please look at the face cam 
and continue to look at the face cam until I say GO.  When I say GO you may begin the 
task. Please say ‘DONE’ when you believe you have completed the task.  Ready?”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 5 practice tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
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Enter an Address Description 
Practice 1 Using the touch screen enter and go to the address 628 Pathway 

Dr, Howell, MI 
Practice 2 Using the touch screen enter and go to the address 2101 S Main 

St, Adrian, MI 
Practice 3 Using the touch screen enter and go to the address 4000 Baldwin 

Rd, Auburn Hills, MI 
Practice 4 Using the touch screen enter and go to the address 1717 

Broadway St, Ann Arbor, MI 
Practice 5 Using the touch screen enter and go to the address 6067 Markel 

Rd, Marine City, MI 
 

When the subject has completed all 5 practice tasks, move to the actual task.  “Now that 
you feel completely comfortable with this task, we will move on to the experimental trials 
with the goggles.  You will use the same steps to complete the next three tasks as 
you did in the practice trials.  I will first read you the task and then instruct you to put 
the goggles on.”  Read task.  “Ok, put the goggles on.  Please face the face cam until I 
say ‘GO’.”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 3 exp tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 

 
When the subject is finished with each trial, say, “Please take the goggles off until I 
instruct you to put them back on.”  
 
Enter an Address Description 
Task 1 Using the touch screen enter and go to the address 374 Jackson 

Rd, Ann Arbor, MI 
Task 2 Using the touch screen enter and go to the address 2901 Forton 

Rd, Ann Arbor, MI 
Task 3 Using the touch screen enter and go to the address 620 S State 

St, Ann Arbor, MI 
 
 
BLOCK 4 – Dial a Phone Number 
 
“The fourth block of tasks involves dialing a phone number and placing the call.  You will 
try to do the task on your own and I can answer questions and give guidance when 
needed. Once you have completed the task you will do the following practice tasks 
using the same method as you did the first one.”   
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Flip task tab and put the first practice task sheet in front of the display.  “Here is the first 
practice task for block 4.  I will read the task to you aloud.”  Read task to the subject and 
then place it on the dashboard so that they can still refer to it.  Do this before each 
task and practice task.   
 
“I will say ‘3, 2, 1, GO’. While I do this please look at the face cam and continue to look 
at the face cam until I say ‘GO’.  When I say ‘GO’ you may begin the task. Please say 
‘DONE’ when you believe you have completed the task.”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
(Give the guidance below if the subject needs assistance) 
 

1. “First, touch the button for the phone labeled ‘Bluetooth Phone’ with the green 
phone on it.” 

2. “Now you can type in the number by touching the numbers on this screen.” 
3. “With all the correct numbers entered, now push the ‘Send’ bottom at the 

bottom right to make the call.” 
 
Once you hear “done,” wait 2 seconds.  Now, teach the subject how to go Delete in 
case they make a mistake.  
 
“You will do 4 more practice tasks without the goggles to be sure you are comfortable 
with the system.  After that you will put the goggles back on for the 3 experimental tasks 
of this block.  Please use the same method you just used for each of the 7 more 
tasks for this block.  Now we will move on to practice task 2.” 
 
Flip the task tab.  Show/Read the subject the task board. “Please look at the face cam 
and continue to look at the face cam until I say GO.  When I say GO you may begin the 
task. Please say ‘DONE’ when you believe you have completed the task.  Ready?”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 5 practice tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 

 
 

 



 76 

Dial a Phone Number Description 
Practice 1 Using the touch screen dial the number 586-943-0931 
Practice 2 Using the touch screen dial the number 517-402-7637 
Practice 3 Using the touch screen dial the number 810-765-9452 
Practice 4 Using the touch screen dial the number 313-856-2896 
Practice 5 Using the touch screen dial the number 586-951-7193 
 
When the subject has completed all 5 practice tasks, move to the actual task.  “Now that 
you feel completely comfortable with this task, we will move on to the experimental trials 
with the goggles.  You will use the same steps to complete the next three tasks as 
you did in the practice trials.  I will first read you the task and then instruct you to put 
the goggles on.”  Read task.  “Ok, put the goggles on.  Please face the face cam until I 
say ‘GO’.”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 3 exp tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 

 
When the subject is finished with each trial, say, “Please take the goggles off until I 
instruct you to put them back on.”  
 
 
Dial a Phone Number Description 
Task 1 Using the touch screen dial the number 313-793-2846 
Task 2 Using the touch screen dial the number 646-139-5079 
Task 3 Using the touch screen dial the number 979-317-6428 
 
 
BLOCK 5 – Point of Interest (POI) 
 
“The fifth block of tasks involves finding and navigating to a Point of Interest, which is 
also referred to as a POI.  You will try to do the task on your own and I can answer 
questions and give guidance when needed. Once you have completed the task you will 
do the following practice tasks using the same method as you did the first one.”   
 
Flip task tab and put the first practice task sheet in front of the display.  “Here is the first 
practice task for block 5.  I will read the task to you aloud.”  Read task to the subject and 
then place it on the dashboard so that they can still refer to it.  Do this before each 
task and practice task.   
 



 77 

“I will say ‘3, 2, 1, GO’. While I do this please look at the face cam and continue to look 
at the face cam until I say ‘GO’.  When I say ‘GO’ you may begin the task. Please say 
‘DONE’ when you believe you have completed the task.”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
(Give the guidance below if the subject needs assistance) 
 

1. “First, touch the button to search the navigation menu; at the bottom left with 
the magnifying glass.” 

2. “Now select ‘POI Category’ on the top row towards the right on this menu.” 
3. “Select ‘Near Current Position’.” 
4. “Since we are looking for an airport, touch ‘Travel’.” 
5. “Now touch airport.” 
6. Now you have a list of airports near here to choose from. If you do not see the 

one you are looking for you can slip the screen upward to see more options. 
Do this by touching the screen and dragging your finger up.” 

7. “Select the correct airport by touching the name on the screen.” 
8. “Touch the ‘Change Destination’ button at the bottom left.” 
9. “Touch the ‘Start Guidance’ button at the bottom left.” 

 
Once you hear “done,” wait 2 seconds.  Now, teach the subject how to go BACK in 
case they make a mistake.  
 
“You will do 4 more practice tasks without the goggles to be sure you are comfortable 
with the system.  After that you will put the goggles back on for the 3 experimental tasks 
of this block.  Please use the same method you just used for each of the 7 more 
tasks for this block.  Now we will move on to practice task 2.” 
 
Flip the task tab.  Show/Read the subject the task board. “Please look at the face cam 
and continue to look at the face cam until I say GO.  When I say GO you may begin the 
task. Please say ‘DONE’ when you believe you have completed the task.  Ready?”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 5 practice tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
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Navi POI to airport Description 
Practice 1 Using the touch screen find and go to Willow Run Airport 
Practice 2 Using the touch screen find and go to ARB 
Practice 3 Using the touch screen find and go to Livingston County Airport 
Practice 4 Using the touch screen find and go to OZW 
Practice 5 Using the touch screen find and go to Detroit Metro-McNamara 

Arrivals 
When the subject has completed all 5 practice tasks, move to the actual task.  “Now that 
you feel completely comfortable with this task, we will move on to the experimental trials 
with the goggles.  You will use the same steps to complete the next three tasks as 
you did in the practice trials.  I will first read you the task and then instruct you to put 
the goggles on.”  Read task.  “Ok, put the goggles on.  Please face the face cam until I 
say ‘GO’.”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 3 exp tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 

 
When the subject is finished with each trial, say, “Please take the goggles off until I 
instruct you to put them back on.”  
 
Navi POI to airport Description 
Task 1 Using the touch screen find and go to Ann Arbor 

Municipal Airport 
Task 2 Using the touch screen find and go to YIP 
Task 3 Using the touch screen find and go to Detroit Metro-

McNamara Departures 
 
 
BLOCK 6 – RADIO Preset 
 
“The sixth block of tasks involves selecting a preset radio station.  You will try to do the 
task on your own and I can answer questions and give guidance when needed. Once 
you have completed the task you will do the following practice tasks using the same 
method as you did the first one.”   
 
Flip task tab and put the first practice task sheet in front of the display.  “Here is the first 
practice task for block 6.  I will read the task to you aloud.”  Read task to the subject and 
then place it on the dashboard so that they can still refer to it.  Do this before each 
task and practice task.   
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“I will say ‘3, 2, 1, GO’. While I do this please look at the face cam and continue to look 
at the face cam until I say ‘GO’.  When I say ‘GO’ you may begin the task. Please say 
‘DONE’ when you believe you have completed the task.”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
(Give the guidance below if the subject needs assistance) 
 

1. “First, touch the button labeled ‘RADIO’ towards the middle of the screen” 
2. “The presets are listed to the left of the screen and labeled with a number on 

the far left.” 
3. “Presets 1-6 are visible and 7-12 can be reached by touching a preset and 

dragging your finger up the screen.” 
4. “Touch the Preset station you are looking for.” 
5. “You can verify that you have gone to the correct station by looking at the 

station in the middle of the screen.” 
6.  “Please say done when you believe you have finished the task.” 

 
Once you hear “done,” wait 2 seconds.  Return the station to Preset 1 before going to 
the home screen. 
 
“You will do 4 more practice tasks without the goggles to be sure you are comfortable 
with the system.  After that you will put the goggles back on for the 3 experimental tasks 
of this block.  Please use the same method you just used for each of the 7 more 
tasks for this block.  Now we will move on to practice task 2.” 
 
Flip the task tab.  Show/Read the subject the task board. “Please look at the face cam 
and continue to look at the face cam until I say GO.  When I say GO you may begin the 
task. Please say ‘DONE’ when you believe you have completed the task.  Ready?”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 5 practice tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember to return the station to preset 1 

 
Select RADIO Preset Description 
Practice 1 Using the touch screen tune the radio to preset 1 
Practice 2 Using the touch screen tune the radio to preset 5 
Practice 3 Using the touch screen tune the radio to preset 3 
Practice 4 Using the touch screen tune the radio to preset 9 
Practice 5 Using the touch screen tune the radio to preset 7 
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When the subject has completed all 5 practice tasks, move to the actual task.  “Now that 
you feel completely comfortable with this task, we will move on to the experimental trials 
with the goggles.  You will use the same steps to complete the next three tasks as 
you did in the practice trials.  I will first read you the task and then instruct you to put 
the goggles on.”  Read task.  “Ok, put the goggles on.  Please face the face cam until I 
say ‘GO’.”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 3 exp tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember to return the station to preset 1 

 
When the subject is finished with each trial, say, “Please take the goggles off until I 
instruct you to put them back on.”  
 
Select RADIO Preset Description 
Task 1 Using the touch screen tune the radio to preset 4 
Task 2 Using the touch screen tune the radio to preset 8 
Task 3 Using the touch screen tune the radio to preset 12 
 
 
BLOCK 7 – Play a Song 
 
“The seventh block of tasks involves selecting a song.”  
 
HOOK UP THE ipod. 
 
“You will try to do the task on your own and I can answer questions and give guidance 
when needed. Once you have completed the task you will do the following practice 
tasks using the same method as you did the first one.  In this block please do not 
push the home button or the back button.  To return to the list touch ‘List’.  The 
system may take longer to load in iPod mode so please be extra patient for this block.”   
 
Flip task tab and put the first practice task sheet in front of the display.  “Here is the first 
practice task for block 7.  I will read the task to you aloud.”  Read task to the subject and 
then place it on the dashboard so that they can still refer to it.  Do this before each 
task and practice task.   
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“I will say ‘3, 2, 1, GO’. While I do this please look at the face cam and continue to look 
at the face cam until I say ‘GO’.  When I say ‘GO’ you may begin the task. Please say 
‘DONE’ when you believe you have completed the task.”  
 
• 3 (milky) – 2 (Clear) – 1 (milky) – GO (clear) 
 
(Give the guidance below if the subject needs assistance) 
 

1. “Touch the third tab down on the left that says ‘Songs’.” 
2. “Scroll to the song you want by touching the screen and dragging your finger 

up or down.” 
3. When you see the song you want, touch the name to select it. The song 

should now play.” 
4. “Say ‘done’ when you have an indication that your song is playing.” 

 
Once you hear “done,” wait 2 seconds.  Return the songs to one in the top of the A’s. 
Play the song and pause it. DO NOT GO HOME. 
 
“You will do 4 more practice tasks without the goggles to be sure you are comfortable 
with the system.  After that you will put the goggles back on for the 3 experimental tasks 
of this block.  Please use the same method you just used for each of the 7 more 
tasks for this block.  Now we will move on to practice task 2.” 
 
Flip the task tab.  Show/Read the subject the task board. “Please look at the face cam 
and continue to look at the face cam until I say GO.  When I say GO you may begin the 
task. Please say ‘DONE’ when you believe you have completed the task.  Ready?”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 5 practice tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember the Songs to a song in the A’s at the top of the list 
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Play a Song Description 
Practice 1 Using the touch screen find and play the song “Against 

The Wind” 
Practice 2 Using the touch screen find and play the song “Better 

Together” 
Practice 3 Using the touch screen find and play the song “Bron-Yr-

Aur” 
Practice 4 Using the touch screen find and play the song “Christmas 

Vacation” 
Practice 5 Using the touch screen find and play the song “Custard 

Pie” 
 

When the subject has completed all 5 practice tasks, move to the actual task.  “Now that 
you feel completely comfortable with this task, we will move on to the experimental trials 
with the goggles.  You will use the same steps to complete the next three tasks as 
you did in the practice trials.  I will first read you the task and then instruct you to put 
the goggles on.”  Read task.  “Ok, put the goggles on.  Please face the face cam until I 
say ‘GO’.”  
 

• “3 (milky) – 2 (Clear) – 1 (milky) – GO (clear)” 
• Let subject do task 
• Repeat this process for the 3 exp tasks 
• Remember to flip task tab 
• Remind subject to continue to look at the face cam during count 
• Remind subject to say “done” 
• Remember the Songs to a song in the A’s at the top of the list 

 
When the subject is finished with each trial, say, “Please take the goggles off until I 
instruct you to put them back on.”  
 
 
Play a Song Description 
Task 1 Using the touch screen find and play the song “Clocks” 
Task 2 Using the touch screen find and play the song “Feliz Navidad” 
Task 3 Using the touch screen find and play the song “High Fidelity” 
 
 
 
6. Task Logger 
 
In Morae recorder, mark the beginning of each actual task with the turquoise 
“Participant Prompted” marker and type “go t#.#” 
 
End each task with the teal marker called “Video clip” and type “done.” 
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7. End the session 
 
“Thank you for participating.  Here is $50 for your time.  Please sign the form that you 
were paid.” 
 
Save the data in Morae Recorder (.rdg).  
D:/Occlusion, Occlusion_0717_ (subject#).rdg 
 
“Ok, I will walk you out.” Walk the subject to the main building entrance. 
 
Go back to the lab.  Shut off the AV equipment.  Turn off all other equipment and clean 
room to prepare for next subject. 
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APPENDIX D – RECRUITING FLYER 
 
Study ID: HUM00064674 IRB: Health Sciences and Behavioral Sciences Date 
Approved: 8/10/2012 

 

Subjects Needed   
Usability of Future Navigation-

Radio in Future Cars 

Pays $50 for 2.5 hours 

Experiment summary 

1. UMTRI laboratory experiment involves using a future navigation-radio (no driving 
required)  

2. Subjects will be videotaped (to show how you use the device)  

3. Video will be sent to the sponsor  

4. Outtakes will be used in presentations and by the media  

Qualified participants must be: 

1. Licensed driver  

2. In generally good health for driving  

3. 25-35 years old (both men and women)  45-55 years old (women only)  

4. Native US English speaker  

5. Have a smart phone (IPhone, Android, Blackberry, etc.)  

6. Have experience with MP3 music playing device (e.g., iPod)  

Call Sam or Andrea at 734 763 6081 between 9am and 5pm 
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APPENDIX E - PHONE SPIEL 

HYUNDAI PHONE SPIEL – EXPERIMENT 2 
 
UMTRI is evaluating a new touch screen navigation-radio for ease of use.  We will begin 
by collecting some information about you, how much you drive, and possibly some 
information about using high-tech devices.  We will also check your vision. 
 
In the main part of the evaluation we are going to teach you how to perform several 
tasks such as entering a destination, selecting as song, and so forth using a new in-
vehicle system.  If you know how to do them now, for example, from a prior experiment, 
that is ok.  Teaching them to you will then take less time.   
 
After you know how to do them quite well, we are going to ask you to complete them 
using the visual occlusion procedure.  In that procedure, you will wear a special pair of 
goggles that can fit over glasses, if you need to wear glasses to see up close.  The 
goggles intermittent block (occlude) and then allow you to see an in-vehicle device.  
This government-supported test procedure is intended to be a simple simulation of 
seeing and using an in-vehicle device, and then looking at the road and not seeing it.  
This procedure is much less costly than using a driving simulator or test vehicle to 
evaluate distraction.   
 
By the way, this is all done with a mockup of the navigation radio in a lab.  There is no 
driving (and no risk). 
 
If this navigation-radio is easy to use, then you should be able to complete these tasks 
quickly and easily.  We shall see.  Keep in mind that the evaluation is of the navigation 
radio, not you, so if there are problems, the designers need to fix them.   
 
While you are doing this, we will videotape/audiotape what you do and say.  We have 
even made provisions for the sponsor can watch what we do from another room or on a 
web cam. The recordings are of great interest to the sponsor, to us, and to the media.  
In fact, if we cannot release the videos (or let the sponsor watch), then you cannot 
participate.  Who knows, you could end up on TV.   Of course, we will not give them 
your name, phone number, etc.  For all of this, two and a half hours of your time, we will 
pay you $50. 
 
With the understanding that your actions would be recorded/videotaped and those clips 
could be released without asking you again, are you interested in participating? 
 
Great, I need to ask you a few questions before I know whether you can be a subject, 

1. What’s your name? (note male or female) 
2. What is your date of birth? 
3. Are you a licensed driver? 
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4. Do you have any limitations in being able to turn around and see where you are 
backing up? 

5. Do you wear corrective lenses when driving? 
6. What kind of cell phone do you have? 
7. What kind of MP3 player do you have? 
8. Have you ever used a touch screen radio such a Ford Synch or Cadillac CUE? 
9. You will need a visitor’s parking pass to use the parking lot.  Can I have your 

address so we can send that to you? 
 
Ok, let’s schedule a time for you to come in <schedule time> 
 
Thanks very much, I’ve got all of the information I need.  When you come in, please 
bring whatever vision correction you use while driving and your visitor parking pass.  Do 
you need directions to UMTRI? 
 
<If directions are needed to one of the following: give directions at this time, tell them 
they can visit our website for directions or get their e-mail address and send directions> 
 
<Tell subject not to wear eye make-up when they come in> 
 
Do you have any other questions?  Ok, we’ll see you at <time> on <date>. 
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