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Chapter 6

Engaging Multiple Epistemologies

Implications for Science Education

E. Margaret Evans, Cristine H. Legare, and
Karl S. Rosengren

Introduction

present form at one time within the past 10,000 d at the same
time believe that humans developed over years from less
advanced forms of life. But, based on arff Qe offffie two side-by-side
questions asked this month about evolu % Q onism, it appears

that a substantial number of America d.these conflicting views.
(Gallup, June 11, 2007, p. 4)
In a 2007 Gallup poll, 24% of Am endorsed beliefs in both evolution
and creationism, with another 4% ving that creationism is true and evo-
lution is false. Of the rest, beligve that evolution is true and creationism
€

is false (June 11, 2007). @ echoes earlier findings among parents and

It might seem contradictory to believe that human;@ireated in their
1S

their adolescent ghildr he Midwest, with about a third of the sample
endorsing bg tionist and evolutionist views (Evans, 1994/95, 2000a,
2000b, 2001). in this chapter is on this phenomenon. What are the
conceptual processes’ that underlie the endorsement of seemingly mutually
inconsistent epistemologies? To address this issue we draw upon research in
three related areas—beliefs about illness, death, and origins—and link these
findings to recent work on the development of intuitive theories of biology
and psychology. Although evolution is typically treated as if it were distinctly
different from other areas of biological reasoning, we highlight similarities in
the reasoning of children and adults across these three areas. In this process,
we examine the different ways in which individuals engage multiple episte-
mologies and the circumstances that foster such an engagement. We conclude
by drawing out the implications of this line of research for informal and
formal science education.

Most of the media focus on the evolution-creationist controversy tends to
report it as a clash of belief systems, an either/or debate, with notable atheists,
such as Dawkins, taking up one side of the debate and notable creationists,
exemplified by the biblical literalists, taking the opposing view (Scott, 2005).
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112 E. M. Evans et al.

Similarly, the focus of most Gallup polls conducted over the last 20 years (in
the United States) has been on evolution and creationism as competing
beliefs, particularly with respect to the origin of humans (Gallup, 2007). The
pattern of results has remained relatively unchanged over that time period.
Dawkins’ position, that humans evolved without the help of a supernatural
being, is regularly endorsed by about 13% of the sample, with the biblical
version of human origins endorsed by 46%. Yet, typically, a substantial
portion of these samples (about 36%) accepted evolution, while also acknowl-
edging a role for God. How is it possible to endorse such seemingly incom-
patible belief systems? Without more detailed analyses it is difficult to know
exactly how these beliefs were reconciled, but one strong possibility is that
they endorsed theistic evolution, the belief that God is a supernatural agent
who set up the naturalistic conditions under which evolution occurred
(Evans, 1994/95, 2001, 2008; Scott, 2005). In this scenario, variations of which
are endorsed by theologians from most non-fundament estern religions
(Ruse, 2005) God is the final or ultlmate cause, wit ary causes at a
§ with the view of bib-
lical literalists who believe that God was d1re i in the creation of
humans and other species (Scott, 2005). Th on, with God as the
proximate cause, is the definition of creati at we use in this chapter.
Furthermore, theologians who rseikeligious and evolutionary explana-

tions for the origins of species &‘ one; many contemporary scientists
veriap

also reconcile these belief syst ilar ways. Gould, the evolutionary
N ping magisteria” (Gould, 1997), each

an affairs. For geneticist Frances Collins,
ime” (Biema, 2006). In these types of episte-
bly championed by evolutionary biologist Ken
atholic, religion and science are viewed as com-
plementary, not peting views of the world. This analysis suggests that
there are a range of complementary rather than competing belief systems
about science and religion (see www.templeton.org/belief, for some intriguing
examples).

These different ways of engaging multiple epistemologies appear to be rela-
tively common among scientific, philosophical, and religious leaders who
have been forced to confront the apparent contradictions, but this mode of
reasoning has yet to be investigated in much detail in the lay public. The tra-
ditional analysis suggests that these different worldviews can be viewed as
competitive ways of knowing, with science and religion in a battle for the
truth, or as complementary but distinct epistemological stances. Our investi-
gations of the beliefs of lay adults and children suggest, however, that there
are additional models that could bind these beliefs in coherent explanatory
frameworks. In our analyses we recognize two broad sources of belief
(Sperber, 1996), the first derived directly from the sociocultural context, via
the media and cultural institutions, and the second, intuitive beliefs, which

biologist, described them as
of which plays a crucial role
God “exists outside of
mological blend
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Engaging Multiple Epistemologies |13

are largely untutored and derived from our everyday reasoning (Atran &
Sperber, 1991). We begin by reviewing some work on intuitive beliefs about
the natural world, which, we claim, underlie the culturally endorsed episte-
mological stances. Moreover, from this work on an intuitive epistemology it
would appear that epistemological blends and shifts between epistemological
stances are commonplace and part and parcel of the causal flexibility that
characterizes human thought (Gutheil, Vera, & Keil, 1998; Poling & Evans,
2002).

Intuitive Theories

Over the course of a day children and adults use a wide variety of explanatory
models to reason about the outcome of various events, such as the disappear-
ance of a cookie in a cookie jar, the shattering of a drinking glass on a ceramic
tile, or the lack of movement in a robin lying on the t walk. In many
instances a single explanation adequately captures t tructure of the
event. Because of his past habits and love ofgeoo urmised that Dad
raided the cookie jar, that the drinking glass b it fell to the floor
and glass is more fragile than tile, and the ro ing because it has
died. In these situations explanations fro s of three different foun-
dational theories, those of intuiti (theory of mind), intuitive
physics (or mechanics), and intfit
and likely causes of the three evenitgfWellman & Gelman, 1998). Although it
of these events using other types of
explanations, such as magi ill of God, these do not seem as straight-
forward as those provi itive psychology, physics, and biology.

In their eve Ii ldren and adults shift between these different
forms of ca ding (Schult & Wellman, 1997), though at times
causal explanati rom one of these domains pop up in one of the other
domains. For example, an individual might say that his car “was hurt” in an
accident as if the car was a biological organism that could be injured and
perhaps “heal.” Or another individual might say her car “doesn’t want to
start” as if the car has a mind of its own that determines whether it starts or
not. In other instances individuals may take widely divergent worldviews,
perhaps religious and scientific ones, and combine them to create a coherent
model of the world. Still others might be quite happy to compartmentalize
these different worldviews to describe different phenomena or use these dif-
ferent perspectives in distinctly different contexts. One of the goals of this
chapter is to examine those circumstances when children and adults maintain
a sharp boundary between different types of explanations, when individuals
allow seemingly contradictory explanations to co-exist, and when individuals
blend these contradictory explanations into a relatively coherent framework.

In the next sections, we explore how children and adults navigate between
different causal explanations for biological phenomena. Although multiple
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114 E. M. Evans et al.

forms of explanation can be used to explain a variety of psychological and
physical phenomena, we focus here on biology because of the central problem
of understanding how children and adults reason about evolutionary proc-
esses. First, we provide evidence, using examples from our own research, that
individuals, from both Western and non-Western samples, combine or shift
between natural and supernatural explanations to explain phenomena that
address fundamental existential questions: illness, death, and origins. In the
process we comment on several factors that serve to trigger these novel align-
ments. Finally, we shall argue, again using research data, that although differ-
ent individuals approach evolutionary reasoning from very different
perspectives, by and large their explanations fall into characteristic patterns.

Using Multiple Epistemologies to Reason about
Biological Phenomena

The issue of how children and adults coordinate d supernatural
belief systems regarding biological pheno oad one that, we
propose, is of universal concern. On the one Hahd no society we are
aware of that wholly excludes supernatural % ithin highly edu-
cated, industrialized modern communiti (1east some individuals endorse

supernatural beliefs, ranging fro sts to astrology (Evans, 2000b;
Zusne & Jones, 1989). On the other h ere is no society we are aware of
that wholly excludes natural en within highly traditional, non-
industrialized communities, t Some individuals endorse folk-biological
beliefs (e.g., regarding in , Astuti, Solomon, & Carey, 2004, and
death, Astuti & Harrj 8). Thus, access to natural and supernatural

explanatory frg 0 a universal psychological experience, and
% ifferent belief systems is a general cognitive problem.

contradictory beliefSystems about biological phenomena.

One approach to investigating the relationship between different epistemol-
ogies is to focus on content areas in which both natural and supernatural expla-
nations are prevalent (Evans, 2001). Although there are potentially a number of
different content areas that are particularly apt to draw on divergent explana-
tory systems, focusing on individuals’ understanding of the illness, death, and
the origins of species are specific areas where the prevalence of multiple expla-
nations may be quite common. These concepts also share a number of proper-
ties that may enhance the likelihood of drawing on different types of
explanation. First, a central aspect of these phenomena is that they often involve
unobservable causes such as microorganisms and genes. Second, each of these
content areas is associated with strong emotions. For illness and death these
emotions arise from the loss or potential loss of loved ones. For the concept of
origins, the emotions surround the belief that humans are somehow special and
different from other organisms (Evans, 2001) or that acceptance of evolution is
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associated with a range of negative outcomes (e.g., Evans, 2008; Brem, Ranney,
& Schindel, 2003). These emotions, whether due to existential crises about
humans’ role in the universe or due to the loss or potential loss of loved ones,
may serve to elicit those intuitive explanations most intimately concerned with
human affairs, namely an intuitive psychology. Finally, both illness and death
are associated with particular rituals that are embedded in specific cultural con-
texts and practices that predate our current scientific understanding of these
concepts and which continue to co-exist alongside our scientific knowledge. In
the case of origins, different cultures clearly treat the status of humans as ele-
vated compared to other species, and an evolutionary account of origins calls
this cultural understanding into question.

A Taxonomy of Cultural and Intuitive Beliefs

Before delving into the studies, we first outline a propo r a taxonomy of
beliefs, which is portrayed in a simplified graphi le 6.1) that is

Table 6.1 A Proposed Taxonomy of Cultural
Origins, Death, and Disease

eliefs: Explaining

Cultural beliefs Intuitive beliefs

Intuitive biology Intuitive
psychology

Cultural beliefs
Science

Quadrant C

Synthetic blends

Fusion of intuitive and
cultural beliefs, with
intuitive beliefs dominating

Supernatur

ausal chain
ii. Target dependent
iii. Parallel

iv. Juxtaposition

Intuitive beliefs Quadrant B Quadrant D
Intuitive biology Overlay models Competing intuitive
Cultural model overlay, models
intuitive model underlay (or i. Intuitive psychology
foundation) dominant
ii. Intuitive biology
dominant
Intuitive Co-existence intuitive
psychology models

i. Causal chain

ii. Target dependent
iii. Parallel

iv. Juxtaposition
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116 E. M. Evans et al.

divided into four quadrants, each of which represents a different combination
of cultural and intuitive beliefs. This graphic will be used to frame the specific
models presented in each quadrant. To make the problem of creating such a
taxonomy tractable, we have reduced the problem space by focusing on sci-
entific and supernatural perspectives, construed broadly, for cultural beliefs,
and only on intuitive biology and psychology for intuitive beliefs.

We start with the cultural models, found in Quadrant A of Table 6.1: these
characterize the different ways in which individuals might represent both sci-
entific and supernatural beliefs. The model most often cited in the media is a
competitive one in which one mode dominates and the other is dismissed,
though its presence is acknowledged. A key example here is Dawkins’ cham-
pioning of evolutionary explanations and his contention that supernatural
explanations are childish (Dawkins, 1995). Reconciliations of these two
extremes are presented in a variety of co-existence models. In a causal chain,

described earlier, a supernatural cause might precede th ntific cause, as in
theistic evolution. Yet another possibility is the target dent model, in
which one form of reasoning is reserved for agparti entity or domain, and
other forms of reasoning for other entities o r example, some
individuals treat humans, but not other ani created by God (Evans,

’s (1997) concept of non-
ience occupy separate realms,
a], and are used to explain different
ersus what constitutes life. Collins’

2001). This type of reasoning also capt
overlapping magisteria, where re
the one supernatural and the ot
phenomena, such as the meani

belief that God exists outsid and space may also fit here (Biema, 2006).
A third co-existence mode here individuals hold two very different
types of beliefs that arg } to explain the same or highly similar phenom-
ena. One exampi€jo del is provided by Subbotsky (2000, 2001) who

edulity toward magic for the same seemingly impossible
event. We refer to this form of co-existence reasoning as a parallel reasoning
model in which two different epistemological beliefs are used by the same
individual to explain the same or similar outcome. A final form of the co-
existence model has been labeled as juxtaposition reasoning (Legare &
Gelman, 2008; Piaget, 1928). In this model two different forms of reasoning
may be used, but not necessarily in any systematic or well-integrated manner.

For intuitive beliefs, found in Quadrant D, the competitive and co-
existence models are now used to refer to an intuitive biology and intuitive
psychology. As described earlier, the latter provide natural, everyday or com-
monsense explanations for natural phenomena, from human behavior to
growth and development, to evolutionary change. Given the emphasis of this
chapter on biological phenomena, we do not directly address claims that an
intuitive psychology might also yield religious beliefs (Boyer, 1993; Evans &
Wellman, 2006; but see Atran, 2002). Characterizing the ways in which intui-
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Engaging Multiple Epistemologies |17

tive and cultural beliefs might blend is more difficult. For the moment we
acknowledge two broad types, one in which cultural beliefs overlay a founda-
tion of intuitive beliefs (Table 6.1, Quadrant B), with cultural beliefs dominat-
ing, and the other in which cultural and intuitive beliefs may fuse, in synthetic
blends, with intuitive beliefs dominating (Table 6.1, Quadrant C). These differ
from co-existence models, in that the latter refer to combinations of cultural
beliefs (Quadrant A) or of intuitive beliefs (Quadrant D), but not cultural-
intuitive blends.

In the next section, we discuss relevant research pertaining to understand-
ing of illness, proceed to talk about death, and then continue with a discus-
sion of research examining explanations of origins. These examples
demonstrate how this taxonomy can be applied to different problems in dif-
ferent contexts. We use these examples to suggest that reasoning about evolu-
tion is in many ways similar to reasoning about certain other types of
biological phenomena that involve existential issues.

Using Multiple Epistemologies e out
Iliness

Most diseases are caused by an amalganfapi several factors (Thagard,
1998). Anthropological evidence %ndustrialized and developing
countries indicates that illness is interpreted exclusively in biologi-
cal terms (Green, 1999). Inste C ination of biological, social, and
supernatural explanations ar, ilable to explain the process of illness trans-
mission (Brandt & Rozin, eder, Much, Mahapatra, & Park, 1997).
For humans, the transf ness typically involves a human vector and can
therefore be intefnete terpersonal as well as biological (Nemeroft &
Rozin, 2000) e awareness of malicious human action in promoting
suffering, especially in contexts of oppression and inequality, people often
assume human cayses of illness. Among deeply impoverished groups, those
who improve their socioeconomic status are subject to witchcraft accusations.
In many regions of sub-Saharan Africa and the Caribbean, anthropological
reports suggest that supernatural explanations in terms of witchcraft, as well
as biological explanations, are both used as explanatory frameworks for illness
(Ashforth, 2005; Farmer, 1999).

a

Co-existence of Beliefs: Biological and Witchcraft
Attributions of Illness in South Africa

The co-existence of natural and supernatural belief systems can be investigated
most clearly in cultural settings where both these belief systems are prevalent.
The AIDS crisis in South Africa provides such a context. In South Africa, mul-
tiple approaches to illness are available, including traditional folk medicine,
faith healing, and modern biomedical services (Schlebusch & Ruggieri, 1996).
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Perhaps the most prominent supernatural explanation for AIDS in South
Africa is that of witchcraft, or the practices of persons with malicious intent to
cause harm through the use of harmful substances and invisible supernatural
forces (Ashforth, 2005). Witchcraft is often associated with muthi (sejeso in
Sesotho), or the malicious manipulation of herbs and other substances, and is
believed to cause a wide variety of misfortunes ranging from unemployment
and interpersonal discord to illness and death. The civilizing agenda of both
the colonial and apartheid regimes viewed any beliefs and practices associated
with witchcraft as irrational and primitive. This perspective clearly is one of
competing epistemologies with an attempt of the established regimes to drive
out the competing epistemology. Education based on Western science and
Christianity was viewed as a necessary prerequisite for ameliorating and
replacing such beliefs. However, traditional health practices do not necessarily
disappear with modernization or education (Ashforth, 2005; Niehaus, 2001).
In South Africa, a country of 47 million people, there a arly 500,000 tra-

ditional health practitioners, healers, and prophets wogki side the formal
biomedical system and 25,000 medical doctofs. equivalent to one tra-
ditional healer for every 80 people in contrast 1 doctor for every
1,600 people. Notably, the medical doctor to a the United States

is 1:375. Traditional healers serve t
of witchcraft, and provide indire
attribute misfortunes to witchcr

How do intuitive biological (

counteract perceived cases
at millions of South Africans
, 2001, 2005; Niehaus, 2001).
scientific) explanatory systems co-

exist with non-scientific, s tural explanatory frameworks? There are
several broad possibilities. hat the natural and supernatural realms
remain distinct, alternaiveiews of the world recruited to explain distinct phe-
nomena, conte pts as in the target-dependent model described

rding illness, natural explanations may be used to

illnesses such as AIDS. A second possibility is that natural
and supernatural frameworks are used jointly in a blended or synthetic fashion
to explain the same phenomena. On this latter possibility, the integration of the
frameworks might be quite loose (a person may appeal to both natural and
supernatural explanations, but without consideration of how they would inter-
act) as in the juxtaposition model, or instead may combine precisely (a person
may treat natural causes as proximate, but supernatural causes as ultimate: e.g.,
contaminated blood causes illness, but bewitchment causes a person to come
into contact with the contaminated blood), as in the causal chain model.
However, given the seemingly contradictory nature of natural and super-
natural explanatory frameworks, it is also feasible that they compete. A major
implication of the competition model is that the acquisition of a biological
explanation could gradually supplant a supernatural explanation, which exists
only in the absence of an accurate and coherent biological explanation. Thus,
supernatural explanations for illness might exist as a “placeholder” for biolog-
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Engaging Multiple Epistemologies 119

ical information, which, once acquired, replaces supernatural explanations
(Mitchell, 1965).

Legare and Gelman (2008) examined the co-existence of natural and super-
natural explanations for illness and disease transmission from a developmental
perspective. The participants (5-, 7-, 11-, and 15-year-olds and adults; N=366)
were drawn from two Sesotho-speaking, South African communities, where
Western biomedical and traditional healing frameworks are both available. In
Studies 1 and 2, participants were given the opportunity to endorse or reject a
variety of biological and supernatural explanations for AIDS. Results indicated
that although biological explanations for illness were endorsed at high levels in
that participants of all age groups endorsed biological explanations for at least
one vignette, witchcraft was also often endorsed. Bewitchment explanations for
at least one vignette were endorsed by 47% of 5-year-olds, 59% of 7-year-olds,
47% of 11-year-olds, 34% of 15-year-olds, and 100% of adults. Importantly,
bewitchment explanations were not the result of ignoran biological causes.
Thus, they existed alongside, and were not replaced by biblagical’explanations.

Studies 1 and 2 also showed that while enderserflenflof witchcraft explana-
tions for AIDS was high among adults, it was signiificary @ er among adoles-
cents. Hence, there were considerably fewer Q i

adolescents. One plausible explanation foy i erence between adolescents
and adults is that adolescents in sc more exposure to educational

programs concerning the biologi& of AIDS and these have been suc-
n
0

cessful in reducing their belief i ons based on witchcraft. This would
be an important result for b retical and practical reasons. First, from a
theoretical point of view i s evidence that natural and supernatural
frameworks do not alwafs €@exist. They can be brought into conflict with one
another. More -

about the vir
tions based on wit€hcraft. Second, from a practical point of view, it suggests that
adolescents who haye a more thorough medical understanding of AIDS will be
more likely to have a realistic and accurate appreciation of what constitutes
risky behavior as well as the preventive steps that can be taken.

This study also indicated several ways that individuals reconcile and reason
about seemingly incompatible belief systems. In Study 3, adolescent and adult
participants provided explanations for vignettes that provided a substantial
amount of contextual information about characters who had been afflicted by
AIDS. There were four conditions that varied in the kind of explanatory
system that was primed: biological only, bewitchment only, both biological
and bewitchment, and neither. Results indicated that although biological
explanations are the default explanatory system for interpreting AIDS, when
attention is drawn to socially risky behavior believed to put one at risk for
witchcraft attacks (lack of generosity or jealousy), participants give primarily
witchcraft explanations for AIDS. Additionally, the data from this study
provided evidence that biological and bewitchment explanations can co-exist
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in at least three distinct ways in this cultural context: juxtaposition reasoning,
parallel reasoning, and causal chain reasoning (see Table 6.1). Each reasoning
type is a different solution to the problem of how to combine biological and
bewitchment belief systems to explain illness.

Juxtaposition reasoning accommodates multiple belief systems, though not
in a clearly integrated manner (i.e,, it is not clear what role each domain plays).
An example of juxtaposition reasoning was provided by one informant who
suggested that AIDS was caused by “Witchcraft, which is mixed with evil spirits,
and having unprotected sex.” Parallel reasoning provides the greatest separation
between biology and witchcraft. More specifically, the same illness is believed to
have either natural or supernatural origins that are entirely non-interactive.
Adults using parallel reasoning maintain that although AIDS has a biological
explanation, witchcraft can cause an equally deadly disease that mimics AIDS.
For example, “Witchcraft can cause a disease that looks like AIDS” or “To
medical doctors it seems like AIDS but it is not. The spell supposed to look
like AIDS.” The notion of “supernatural AIDS” is a reaction to the
information people receive from AIDS educatjdn pr indicating explicitly
that witchcraft does not cause AIDS, while no @ taining witchcraft
as an explanatory system for illness and misf dlly (Niehaus, 2001).

Causal chain reasoning appears to be the rent co-existence reasoning
pattern because it takes into acco hil ects of the causal chain should
be attributed to each explanatio s kind of reasoning addresses the

al, éxplanations. Most typically, the prox-
cted sex, whereas the final cause is believed
es are believed to be capable of distorting
r putting an AIDS-infected person in your path.
s strong evidence for the co-existence model of
xplanatory frameworks.

Returning to overview of different ways of combining biological and
supernatural explapations (see Table 6.1), in this discussion of AIDS trans-
mission the focus has been on culturally derived beliefs (see Table 6.1, Quad-
rant A). Witchcraft and biological or natural explanations of AIDS are both
embedded in cultural models sanctioned by the purveyors of folk medicine
and biomedical services. Participants in these studies endorsed competing
and co-existence models of AIDS transmission, combining the latter forms of
explanation in diverse ways. Likewise, in the following discussion of beliefs
about death, the role of cultural beliefs is examined in detail, but this time in a
Western context with children from different ethnic backgrounds.

“how” versus “why” distinction i
imate cause is identified as u
to be witchcraft. For exam
your sense of good jud
This series of s
natural and

Using Multiple Epistemologies to Reason about
Death

Like illness, death can be explained using a variety of different types of expla-
nations. We can discuss death in terms of the cessation of biological processes
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or in the case of humans and some other higher organisms we can discuss
death in terms of the cessation of psychological processes. This is another
example of target-dependent reasoning, but in this case it involves founda-
tional theories of biology and psychology. We can also think of death in terms
of a third intuitive theory, physics or mechanics, when we refer to the physical
body that is left after death and the space that it occupies. But these forms of
explanation seem distant, far removed from the emotionally laden situation
that arises when an individual experiences the death of a loved one. This may
be one reason why explanations based on intuitive biology or other founda-
tional theories often give way to religious and spiritual explanations of death.
New research has investigated children’s understanding of death in the
context of the larger cultural discourse around death (Gutiérrez, Vasquez,
Anderson, Rosengren, & Miller, 2007; Rosengren, Gutiérrez, & Miller, 2009). In
the United States, death is rarely discussed openly with children, rather it is
something that is generally avoided, with parents routinel§ shielding their chil-

dren from images and experiences related to death (Arigs, . In contrast, in
Mexico, death is celebrated, viewed as part ofgthe everyday life, with
children participating as partners in rituals an rrounding death,
such as the Day of the Dead celebration (Lo 08)#In Mexican culture

common in the lives of children. ren in these neighboring, but
very different, cultures experience come to understand it?
Traditionally, based on Piage ch and theory (Piaget, 1929), chil-
ophisticated or biological understand-
ing of death until as late 0. Piaget clearly assumed a competitive
model with respect to nt epistemologies, believing that scientific rea-
soning eventua; arlier forms of reasoning that were pre-causal
is_view, still relatively widely held by practitioners

images of death that would be viewed @ e in the United States are

ifficult for children to understand the finality of death.
Researchers such as Speece and Brent (1984) have identified a number of
additional subconcepts that children appear to have some difficulty grasping,
including causality (death is brought about by particular causes), universality
(all living things eventually die), and irreversibility (once a living thing dies it
cannot come back to life). More recent work suggests that children under-
stand important aspects of these subconcepts by as young as four years of age
and potentially earlier, especially if death is discussed with respect to entities
such as plants that are far removed from humans (Nguyen & Gelman, 2002),
or the focus is on animals rather than humans, or if the questions focus on the
cessation of biological rather than psychological behaviors (Harris &
Giménez, 2005; Poling & Evans, 2004b). This more current work has tended
to suggest that children have a fairly accurate understanding of death from a
biological perspective by a relatively young age (four to six years) (Slaughter
& Lyons, 2003).
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The relatively sophisticated understanding of death, reported by cognitive
developmental researchers, contrasts sharply with reports from parents that
their children have substantial misconceptions about death (Nguyen &
Rosengren, 2004). This research suggests that parents believe their children to
have particular difficulty with the concepts of the finality and irreversibility of
death. In their analysis of children’s understanding of death, Nguyen and
Rosengren (2004) suggest that these misconceptions should perhaps be con-
strued as “alternative conceptions” that combine biological conceptions of
death with those based on religious or spiritual explanations. Research by
Harris and Giménez (2005) has also found that children often endorse both
biological and religious conceptions of death. In their research they found
these forms of reasoning vary by context (secular versus religious) and age,
with older children exhibiting more evidence for the co-existence of these two
different types of beliefs. It is likely that in both of these research studies
instances of causal chain or juxtaposition reasoning wer sent.

Rosengren and colleagues have been investigatife \Children’s reasoning
about death more directly in interviews wyi en.and their parents
(Rosengren et al., 2009). These researchers havg ated how death is
presented in books commonly read to ch % this research has
revealed, as Aries originally suggested ( )

States are often shielded from dea d related experiences by parents
and the larger culture. For exampilesi alysis of 100 common books read
to young children, only three h N tion of death (Gutiérrez, 2006).
When children are expos eatll, a wide range of explanations of death
seem to be provided to thefits explanations often involve a single causal
model that may be pur, ural or scientific (e.g., when you die, your body

igious (e.g., when you die you go to heaven).
ed by parents or in books adopt a co-existence
model of deaththat resembles the causal chain reasoning discussed earlier
(e.g., when you diefyour body stops working, but your soul goes to heaven).
In an analysis of parents’ comments to children’s questions, as well as an in-
depth study of literature especially designed for children who have lost a loved
one, these researchers have found that divergent forms of explanation are
commonly provided in the same book or parental response to children’s ques-
tions. Thus, many children appear to be exposed to multiple forms of expla-
nation for death throughout childhood. This exposure to multiple forms of
explanation is likely the case for other aspects of biological reasoning such as
illness and origins.

How do children interpret this seemingly contradictory information? To
answer this question Rosengren et al. (2009) have been coding three- to five-
year-old children’s responses to an in-depth interview about biological pro-
cesses. The interview focuses on children’s understanding of life processes
(e.g., growth, illness, what makes something alive?) and children’s under-
standing of death. These researchers explicitly investigated children’s under-

stops working)
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standing of the subconcepts of death (finality, universality, causality, and
irreversibility) as well as children’s understanding of the continuity of life
processes following death. What they have been finding is that children’s
understanding of these concepts varies as a function of age, religiosity of the
tamily of origin, and cultural background. Specifically, younger children,
those from more highly religious families, and those from Mexican-American
families tend to treat many life processes as continuing after death. In
Mexican-American families this effect remains significant even after control-
ling for religiosity, suggesting an effect of culture above and beyond any effect
of religion. In some ways it may not be that surprising that in religions and
cultures that support afterlife beliefs, children think that more life processes
continue after death, but this finding contrasts sharply with traditional cogni-
tive developmental accounts of children’s understanding of death.

Our analysis of individual children suggests that about half of the white
middle-class children adopt a dominant biological appr to explaining life
and death. Only a small number of children in this s eared to adopt
a dominant religious approach to death, mentioni some sort of reli-
gious entity throughout the interview. The re n provided some
form of co-existence reasoning, in some cas j osition reasoning
and others target-dependent reasoning. this later group used pri-
marily biological explanations for ) explicitly asked questions that

probed about the afterlife or spirjiuality@yin which case the children provided
a religious explanation. A final 0

ildren appear to combine explana-

tions into a more integrate lenided approach that incorporates both
everyday views of biology ious or spiritual ones. For example, one
child talked about how, other who had recently died was tired. Further

questioning rev;
day long on

child thought that her mother was standing all
aven, and that this must be physically tiring. In this
case, an intuitiv ogy is merged with the cultural notion of heaven into a
synthetic blend (seg'Table 6.1, Quadrant C).

Thus, as early as ages three to five years, children are beginning to use mul-
tiple epistemologies, sometimes in competition, sometimes to complement
one another, and in other cases synthesizing them into a single, coherent
explanatory system. Future research should explore the source of these indi-
vidual differences. While it is likely that some are due to how parents socialize
children, it is also likely that certain child characteristics influence whether a
child adopts a single consistent model, a co-existence model, or attempts to
unify seemingly contradictory ideas into a blended model.

Regardless of cultural context, the research summarized to date indicates
that the endorsement of apparently competing epistemologies is common-
place in both Western and non-Western contexts. So far, the major emphasis
has been placed on culturally derived sources of belief, which suggests that
religious and scientific ideas may replace intuitive beliefs about death or
illness, or provide a cultural overlay (see Table 6.1, Quadrant B). In addition
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to the co-existence models already described for AIDS transmission, this anal-
ysis of death concepts reveals a target-dependent model, with the soul treated
differently than the body. These target-dependent models can operate at the
entity level (human versus animals) and at the domain level (intuitive biology
versus intuitive psychology). The following analysis of beliefs about the origin
of species builds on these co-existence models and extends the discussion to
include intuitive beliefs.

Using Multiple Epistemologies to Reason about
the Origin of Species

Cultural Models: Supernatural and Scientific

As many as 30% of the U.S. population, from a range of religious backgrounds,

endorse a literal interpretation of the Bible in which Go s a direct role in
the origins of species (Doyle, 2003), the core creationi int presented in
this chapter. Creation science and intelligent desig ide the most coherent
contemporary models of this viewpoint, at leas States. Although
supernatural beliefs about the origins of livi ptevail in most cultures
(Campbell, 1972), predating evolutiona ayr, 1982), these models

ntury (Evans, 2001; Morris &
tion scientists, who adhere closely to
ent design theorists accept current
reation scientists and intelligent design the-

emerged relatively recently, in th
Parker, 1982; Numbers, 1992). U
the biblical description of origin
views of the age of the Earth.

orists, however, deny natur: lanations for the origins of species (Scott,
2005). This point was stforcefully by Judge John Jones III in the recent
Dover trial. He Lui at intelligent design could not be taught in the

1t was, at base, a non-materialistic, supernatural per-
spective (Mervis, . The creationist viewpoint contrasts markedly with a
post-Darwinian evglutionary perspective in which all living beings share a
(tangled) common ancestry of natural origins (Doolittle, 2000).

In the Introduction, we briefly reviewed some of the ways in which theolo-
gians from non-fundamentalist religions and some evolutionary biologists
reconcile supernatural and scientific explanations of the origin of species, in
various co-existence models (see Table 6.1). Next, we provide evidence that
such blends are also endorsed by members of the public. Finally, we shall use
these models as a starting point for a consideration of the ways in which cul-
turally derived and intuitive models might be combined.

science class

Co-existence Models of Evolutionary and Creationist
Origins

An interesting example of a target-dependent co-existence model is the provi-
sion, by creationists, of different explanations for micro- and macro-
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evolution. Darwinian evolution consists, essentially, of two related processes,
micro-evolutionary or small-scale evolution and macro-evolutionary or large-
scale evolution. The former refers to changes in gene frequencies within a
population, whereas the latter refers to large-scale changes that result in
ancestor and descendent species of markedly different phenotypes, the origin
of new species (Futuyma, 1998). While creationists may accept that micro-
evolution is a biological process, they routinely reject the idea that macro-
evolution is also a biological process, as in the following example:

The evolution of HIV is not disputed by creationists. The only complaint
that creationists have ... is the confusing use of the term evolution to
describe both variation within a species and the origin of new kinds of
life.

(Jones, 2005)

The rationale offered to justify this model is that v; ithin a popula-
tion (a micro-evolutionary process) is not o ut is also consist-
ent with the claim that God built diversity intg each living kind

acro-evolutionary
a timescale that is incon-
sistent with biblical accounts, but c
of which are inferred rather tha S , and, most critically, acceptance
of the idea that new forms of & emerge from earlier forms (Evans,

i ch¥iving kind has a unique essence (DNA)
bestowed by the direct han , thus it cannot have descended from or
be the ancestor of a diff iving kind (Whitcomb, 1988).

There are se
the public. Ae
sity into the D
(Evans, 2008):

e of this kind of reasoning among members of
one natural history museum visitor, God built diver-
of the original wolf-dog pair that made it onto Noah’s Ark

Ok, I believe ... um ..., God created a pair, a male and female of every-
thing with the ability to diversify. So I guess what I meant at the time of
the flood, [...] they had the genetic background to be able to diversify
into all of the, like for instance, dogs, and all the different kinds that we
have. And so ... um .... does that help? Just a creationistic view.

(Evans et al., 2009)

In this kind of argument, the variation originally locked into the DNA of one
pair of canine ancestors is now manifest in diverse dogs, from dingoes to
dachshunds, which are adapted to life in different parts of the world. Thus,
dachshunds and dingoes comprise one living kind that share a common
essence, bestowed by God. This appears to be an example of a target-
dependent model with supernatural and scientific explanations of macro- and
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micro-evolution, respectively. God placed each living kind on Earth and local
adaptations resulted in the variation observed in canines across the world. If
these two processes were clearly linked in the mind of this individual, then
this would be considered a causal chain model rather than a target-dependent
one.

A second example of a target-dependent co-existence model is the differ-
ential treatment of the human versus other animals. This model is widespread
(Evans, 2000b, 2001). In a recent interview study, 30 adult natural history
museum visitors were asked to explain evolutionary problems about seven
different species (they were not told these were evolutionary problems). When
the human was the target, 28% of them included creationist explanations.
Only 6% were consistently creationist for the other species, which ranged in
size from a diatom to a whale (Diamond & Evans, 2007). In a more in-depth
study of this type of pattern, 115 6-12-year-olds, and their parents, from both
biblical literalist and theistic evolutionist families (defi parental belief
system) were asked about the origins of humans, no mammals (e.g.,
deer), and animals that undergo metamorphgsis, s ogs and butterflies.
All age groups were more likely to ac rwinian) macro-
evolutionary explanations (it came from d of animal) for
animals that were taxonomically djstant human, and least likely to

accept evolutionary explanations e n (Evans, 2008; Evans, Rosen-
gren, Szymanowksi, Smith, & Jo 1; . This kind of nuanced investiga-
tion is rare in national polls, he’human is the most typical target of
surveys.

Why is the human treate erently? One possible explanation is the
children do not realize e Numan is an animal (Carey, 1985). This possi-
bility was inve same study by asking children which of the

s (Evans et al., 2005). There was an effect both of
age and of commumity of origin. Overall, younger children were less likely to
agree that the hu was an animal (all agreed that the other species were
animals). Additionally, children from biblical literalist families, regardless of
age, were less likely than children from theistic evolutionist families to agree
that the human was an animal. Further, children’s acceptance of the human
as an animal predicted their acceptance of evolutionary origins, independ-
ently of other relevant factors (Evans, 2008).

Overlay Models: Cultural and Intuitive Beliefs

In addition to revealing the ways that members of the lay public combine reli-
gion and science into relatively coherent target-dependent co-existence
models, these two examples also reveal something of the underlying intuitive
belief systems that constrain an understanding of evolution. A crucial element
of an intuitive biology is the belief in the relative immutability of species,
called essentialism (Gelman, 2003). This intuition is magnified in a cultural
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context, in that creationists will not accept the idea of common ancestry
because it violates the essentialist principle that each living kind has a unique
unchanging essence. Biblical literalism explicitly supports this viewpoint
(Evans, 2000b, 2001). On the other hand, in the second example, we see that
this intuitive essentialism can be modified by exposure to evidence of within-
species change, provided the cultural context supports this position (Evans,
2008). These researchers predicted that pre-Darwinian evolutionary explana-
tions of the origin of species were more likely to be accepted for species that
underwent metamorphosis, because such dramatic biological change might
modify essentialist beliefs in the continuity and stability of species; this turned
out to be the case (Evans et al., 2005; Rosengren, Gelman, Kalish, & McCor-
mick, 1991). The human, on the other hand, elicits an intuitive psychology,
which arouses emotions and is accompanied by a natural resistance to the
idea that humans are subject to the same biological processes that constrain
the rest of the animal world: Humans are privileged ( , 2001; Poling &
Evans, 2004b). Both of these examples imply that evoldti and creationist
ideas, initially at least, are superimposed on @fourfdafion of intuitive beliefs,
which both constrain and potentially make possible 6‘ Itural forms (see
Table 6.1, Quadrant B).

These observations suggest that, ther y ways in which intuitive
beliefs constrain the expression of t ideas. On the face of it, evolu-

tionary ideas are strongly cousfterintiitiye, in that they require that we
abandon or modify essentialist, i ipsthe stability of species and that we
treat the human as another, 0

nimal (Evans, 2008). How are these

strong intuitions overcome? ssible route is explored by examining the
nature of synthetic bl eir potential role as transitional concepts
from purely intyitiye t cultural concepts.

Synthetic Blen d Intuitive Beliefs

In synthetic blends (Table 6.1, Quadrant C), intuitive or everyday beliefs are
fused with culturally available ideas from science and religion (Poling &
Evans, 2004a; Vosniadou, Vamvakoussi, & Skopeliti, 2008). An overarching
goal of this section is to characterize the different ways in which these intui-
tive and cultural beliefs are combined, and to identify those transitional forms
that might serve to bridge the gap between intuitive and scientific beliefs.

In one study, open-ended interviews about evolution were carried out with
a sample of 32 adult natural history museum visitors. This study provided a
window into the thinking of members of the general public who are both
interested in natural history and are more likely to have completed college
than the public at large (Evans et al., 2009). This group was less likely than
other members of the lay public to endorse creationist ideas. Moreover, by
and large their creationist ideas were confined to the human. In addition to
the human, the visitors were presented with scenarios describing evolutionary
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change in six other organisms, from HIV to whales, and asked to explain what
had happened. Importantly, they were told only that they would be asked
about “some new scientific discoveries about living things” (the term evolu-
tion was not mentioned) as this allowed an assessment of whether the visitors
would spontaneously recognize these as evolutionary problems. Responses
were coded as multiple themes under (Darwinian) evolutionary, intuitive, or
creationist reasoning patterns.

Surprisingly, not one visitor consistently used evolutionary reasoning
across all seven organisms. Overall, visitors endorsed a synthetic blend with
72% combining evolutionary and intuitive themes from those two reasoning
patterns, and another 28% also including creationist reasoning. The whale,
finch, and human were more likely to elicit Darwinian evolutionary themes,
whereas the HIV and the fly, ant, and diatom were more likely to elicit intui-
tive themes. Only 34% of the visitors used evolutionary reasoning in the
majority of their responses; for over half of the visitors, tuitive reasoning
was the dominant pattern.

The key to understanding conceptual cha
of these synthetic blends and, in particular,
beliefs. To this end, a detailed analysis of vis
al., 2009). We shall comment on tyo ke

e sense of the nature
0 visitors’ intuitive

s ensued (Evans et
in this chapter. Consistent

with other research (see Evans, 2 r mary), the study revealed that
visitors” intuitive concepts of biolegic nge included need-based (or goal-
directed) reasoning, with the cha ribed as directed toward the goal of
enabling the organism to a a changed environment. This is one of a
family of teleological theme n folk-biologies the world over and, along
with essentialism, this of Teasoning characterizes an intuitive biology
(Medin & Atra 4) study of museum visitors, just described, need-

intuitive biology was distinguished from the desire-
based, intentionaly or mental-state reasoning characterizing an intuitive
psychology (Evans gt al., 2009).

Although both an intuitive psychology and an intuitive biology involve
purpose or goals, a core feature of teleological reasoning, the underlying
reason differs. This is illustrated using examples from the Galapagos finch
problem (Evans et al., 2009). In an intuitive biology the underlying goal is one
of survival: of necessity the organism needs to change in order to survive in a
particular environment. This is accomplished through physiological means.
In the following synthetic blend, this visitor clearly recognized that the finch
problem was one of evolutionary change. However, the visitor provided a
non-Darwinian mechanism, derived from an intuitive biology, to explain the
change: “evolution for survival ... well, in order to survive, their body parts
had to adjust to certain things ... so the beak grew longer in order to deal with
the tougher seeds.” In the next example a mental state is invoked, indicating
that the change comes about through intentional means, from an intuitive
psychology: “in order to eat the seeds” the finch “had to try to work harder,
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probably, to develop their beaks.” By distinguishing between these two intui-
tive modes, Evans et al. (2009) were able to get a better handle on the nature
of these concepts and their relationship with the other themes. Whereas need-
based reasoning was prevalent, elicited in more than 44% of the responses,
fewer than 20% of the responses involved intentional reasoning. The pattern
of endorsement of these two themes was examined in greater detail in a fol-
low-up study that included children as well as adults.

Thirty adults and 34 11-18-year-olds visited an exhibition on contempor-
ary evolution research with the same seven organisms. As they were recruited
for this study, it was not possible to disguise the fact that the exhibition was
on evolution (Spiegel et al.,, 2009). In the questionnaire, eight closed-ended
explanations, derived from major themes found in the first study, were
attached to each of the seven original scenarios. For each scenario, visitors
could express their degree of agreement with each explanation.

Following the visit to the evolution exhibition, a ardless of age,
demographic characteristics, and interest in the or: re was a signi-
ficant increased agreement with all three evolati nations, across all
organisms. However, agreement with the goal=di lanation (needed
ificant decrease in
visitors” agreement with the intenti nal e 3 (wanted to change). Chil-
dren were less likely to endorse e planations and more likely to
endorse intentional explanation s. Visitors for whom evolution

was compatible with their religj re/more likely to endorse evolutionary
and goal-directed reasoning rs'for whom evolution was incompatible
with their religion were le o endorse evolution, and more likely to

endorse creationism ( at way). Although there was no wholesale
conversion to apsgelu explanation, visitors did increase their endorse-
ment of evoluf Q xplanations, while decreasing intentional and creation-
ist explanations\Importantly, need-based reasoning appeared to act as a
bridge between intgitive and evolutionary explanations (Spiegel et al., 2009)
In the first study, need-based reasoning was negatively correlated with the
micro-evolutionary theme of natural selection, but uncorrelated with the
macro-evolutionary theme, common descent (Evans et al., 2009). Further
investigation of this pattern of findings suggested that while many visitors
accepted the idea of evolution, as indicated by their endorsement of common
descent, only some of them grasped the Darwinian mechanism of natural
selection; instead, they provided a need-based mechanism of change. The syn-
thetic blend of common descent and need-based reasoning was found in the
second study, as well (Spiegel et al., 2009). On the other hand, for visitors who
understood natural selection, which is best tested in an open-ended format,
need-based explanations of evolutionary change were no longer used, hence
the negative correlation between these two themes. Moreover, this pattern
sheds light on one of the co-existence models described earlier. In the lay pub-
lic’s mind the acceptance or rejection of evolution seems to refer to the
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macro-evolutionary principle, common descent, but not to natural selection.
It appears that members of the public can accept, or, if they are creationist,
reject, macro-evolutionary concepts, while misunderstanding (or even under-
standing) the Darwinian mechanism of evolutionary change (Evans, 2008). In
terms of public understanding, the two evolutionary principles are somewhat
orthogonal, even though for the evolutionary biologist they are seamlessly
connected.

What about intentional reasoning? There was nothing in the exhibition to
suggest that such reasoning was incorrect. Yet, older visitors, in particular,
were less likely to endorse this theme after the gallery visit. The exhibition
appears to have had the effect of fine-tuning visitors” explanatory repertoire,
helping them to discriminate between survival or need-based reasoning and
intentional or mental-state reasoning. Once they have realized that the organ-
ism’s survival depends on a particular change, and that this change cannot
come about through conscious effort, then they may ady to grasp the
principle of natural selection.

Children, however, were less influenced
children as young as five years are capable of
themes, reasoning, for example, that animals
because they want to (Poling & Eyans, '
children are more susceptible to n themes, in part because their
rgoing rapid change over the pre-

grasp of an intuitive psychologyhi
school through elementary sc (Evans, 2008). Moreover, they are
more likely to explain biolo hafige in intentional terms, particularly if

they have been raised in co es that support such interpretations and if
they are questioned a acro-evolutionary themes (e.g., where did the
very first X ¢ fr ather than within-population change (Evans,
2000a, 2001,

These findin est that anthropomorphizing nature in an exhibition or

in school curriculaj¢hould have a particularly deleterious effect on children’s
scientific reasoning, even if it makes the topic more attractive. This hypothesis
was tested in a recent study with an experimental manipulation of the lan-
guage used to tell children stories about evolutionary change in birds (Legare,
Evans, & Lane, 2009). One story used need-based language, another inten-
tional language, and the third, natural selection. The outcome variable was
children’s endorsement of need, intention, and natural selection themes and
their use of such language when asked to repeat the story back to the experi-
menter. There was a main effect of story type with the intentional story elicit-
ing intentional themes, particularly in younger children. Need-based and
natural selection stories were equally likely to elicit need-based and natural
selection reasoning at all ages. This finding provides further converging evid-
ence that need-based reasoning may be a crucial intermediary concept, easing
the transition from intuitive to evolutionary reasoning.
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Synthetic Blends: Bridging the Transition from
Intuitive to Cultural Explanations

Across the three domains of illness, death, and origins, we have peeled back
the cultural layers to expose their intuitive foundations, and, in effect, revealed
the process of conceptual change, in reverse. Table 6.1 provides a develop-
mental model. At an early point in development, children have at hand a rep-
ertoire of intuitive beliefs that makes their world comprehensible. These
concepts give stability, coherence, and purpose to what would otherwise be a
bewildering and incomprehensible environment. These intuitive concepts
(Quadrant D, Table 6.1) persist into adulthood where they play the same role
in adult reasoning, when adults are confronted with unfamiliar problems. As
children (and adults) assimilate cultural concepts, from God to atoms to evo-
lution, they construct synthetic blends (Quadrant C, Table 6.1), fusing newly

acquired ideas to familiar intuitions, which makes the ¢ al concepts more
tractable. Gradually, these cultural concepts appear to detached from
their intuitive base (Quadrants B-A, Table 6.1), st T experts (though

this is debatable). The studies with museum vi8ito te, however, that,
emefmative and repre-

without consistent reinforcement, synthetic b % 1
e of evolution and, prob-

gxperts revert to such synthetic
g for the general public (Evans,
problematic, because it is highly

ably, of most complex scientific t

blends when talking to student i
2008). Evolutionary theory is %
counterintuitive, denying eve appearance of stability and purpose to the
natural world. Not surprisi n, it has an effective cultural competitor.

Co-existence models o jonrand evolutionary science provide a solution
to this problem, atgleas ny theologians and scientists.

Some Unans ed Questions

This series of studies demonstrate that children from diverse cultural contexts
come into the classroom with a range of approaches that involve combina-
tions of very different explanatory models (see Table 6.1). While this is true of
illness and death we also see this with respect to understanding the origins of
living kinds. In our view, one of the real dangers of introducing creationism
or intelligent design alongside evolution in the classroom is that it is likely to
induce some children to create models that contradict the actual science. On
the other hand, as described earlier, leading theologians and scientists have
combined religious and scientific epistemologies in ways that leave evolution-
ary theory intact. Is this the way to approach this issue in the classroom? This
would seem to be beyond the scope of the science classroom, but such discus-
sions might well have a role in the broader curriculum.

Why do some children and adults adopt a single explanatory approach
when confronted with competing epistemologies? Why do other children and
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adults treat different epistemologies as complementary rather than competing
worldviews? Why do still other individuals blend different intuitive and cul-
tural epistemologies into a single synthetic approach? Our research has begun
to answer these questions and suggests that age and experience coupled with
language and contextual influences operate at a relatively global level to influ-
ence the normative reasoning patterns within particular groups or cultures.
That is, when children and adults live within a culture where multiple episte-
mologies are common, they are more willing to embrace what often seem to
be contradictory explanations to reason about illness, death, and the origin of
species. We have reported evidence in support of this from research con-
ducted examining explanations for AIDS in South Africa, research on death
in children in the United States and Mexico, and from children in the United
States from religious and non-religious backgrounds with respect to both
death and the origin of living things. While this research suggests that age and
context influence the overall use of different epistemologfes’and whether they

compete, complement, or are combined, we still ave a complete
understanding of why certain individuals ad@pt o atory model over
another, choose to treat them in a complemen ashi r blend them into
a single, relatively coherent model. Here we p omerideas of what might

these approaches.
r from adopting a single epi-

influence an individual to adopt ong or t

Adoption of a blended appro
stemology, or using complemen ._Co-existence cultural models may
require more cognitive effort to w er views that seem on the face of it
to be in direct competition incompatible. For adults, we suggest that
some sort of conflict trigger effort to create a coherent, integrated model of
different epistemologie kind of conflict has often been reported by indi-
undamentalist beliefs who are brought into direct
idence that directly contradicts those views (Numbers,
ns, 2004b). Peter Woo, a biochemist, who now shares
Collins’ co-existenge” beliefs, described this conflict as he entered university
where “my Christian faith was seriously challenged and replaced by tormenting,
depressing doubt.” Eventually, he achieved a reconciliation of his faith and the
scientific evidence with the realization that “the nature and the existence of God
are beyond the scope of science and human intellect” (Woo, 2004).

A conflict may also trigger this pattern in young children. For example, the
death of a loved one may force children to combine different explanations
experienced at home, school, and church to reach a single, blended, explana-
tion that provides meaning to a traumatic event. These might be co-existence
cultural models or synthetic blends of intuitive and cultural beliefs. But even
in these cases, which epistemologies will enter into the mix is clearly depend-
ent upon those the individual is exposed to in their family of origin and
broader culture.

In many cases, however, this might not be a conscious process. As
described earlier, as students struggle to grasp unfamiliar scientific concepts,
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they are likely to assimilate them to familiar intuitive concepts that, at least,
offer one coherent model. Students may not be aware that their understand-
ing of the science is rooted in their intuitive epistemologies. Moreover, these
synthetic blends might be helpful or a hindrance. At least for evolution, the
research reported here suggests that as students fine-tune their explanatory
repertoire, the jettisoning of intentional concepts, while retaining need-based
concepts, might provide a bridge to a more scientific understanding. The core
question here is whether making students aware of this unconscious process
would help them achieve a more coherent scientific model.

Implications for Informal and Formal Evolution
Education

We have chosen to discuss three different areas of biological understanding—
illness, death, and origins—to highlight the similarities ss these different
areas. That is, each involves learning about uns sses that have
important outcomes and may exact an emotinal is often learned
in the context of competing explanatory models:JEa volves the acqui-
sition of intuitive knowledge prior to onset g % oling. Thus, there
appear to be some general issues and p, at cut across these three
areas of knowledge. In this sense, i t evolution should perhaps be
done in a manner that is similar gosth ing of other biological concepts,
though teachers should be atten i& se issues that are most likely to elicit
existential concerns.

What are the implicatio rJscience educators? First, educators clearly
face a difficult task. C enter their classrooms with very different
ways of handli . Some will approach the information from a
single unified
all, as they embraee strong religious or supernatural beliefs. In many situ-
ations, the parentg’themselves may resolve the educational quandary by
simply removing the child from public education and enrolling them in a
school that complements their beliefs. Other children likely enter the class-
room with explanatory models that co-exist, using one in a particular context
and the other one in a different context. In traditional classrooms the context
may provide ample support to enable a consistent scientific model to expand
and flourish, so children who enter with this mix of explanations may not
present much of a problem.

The evidence presented in this chapter indicates, however, that two of the
co-existence models present a unique challenge to evolution educators. If the
classroom instruction or exhibition focuses on non-human animals and
micro-evolutionary processes, students are likely to be comfortable with the
information in that it does not appear to elicit existential fears. However, once
macro-evolutionary themes are introduced, especially those involving the
human, then these conflicts are more likely to arise. As several researchers

—
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have noted, the absence of macro-evolution from the typical classroom results
in students with little understanding of the links between these two processes
(e.g., Catley, 2006). Ironically, the reverse pattern is likely to be found in
natural history museums, which house the evidence for macro-evolution
(Diamond & Scotchmoor, 2006). One feasible solution is to focus on non-
human animals, but link micro- and macro-evolutionary processes from the
earliest years. Dinosaurs are often incorporated into the typical second-grade
curriculum, but children have little sense of their evolutionary history, even if
they can classify them with ease (Evans, 2000a). By linking the evolutionary
history of dinosaurs to that of modern birds, macro-evolution is introduced
in a way that maps onto children’s fascination with dinosaurs. Similarly, the
middle-school curriculum includes health. Why not link this to evolutionary
explanations of why people get sick (Nesse & Williams, 1996)? In sum, evolu-
tionary reasoning should be introduced early and tied to compelling topics,
throughout the curriculum.

Educators should also work to harness childre dults’ intuitive
beliefs about the world (Carey, 2000). This iswolv rcing those beliefs
that conform to scientific understanding, and disec onting ones, such
as the essentialist view of species, that confli nl science. Children

on may present a very dif-
nature of the blending. Also, if
we are correct in thinking that e“of, these synthetic models arise out of
cognitive or emotional conflict i%' e more strongly held and more dif-
ficult to challenge. On the oth€®hand, some synthetic blends, such as the use
of need-based reasoning to % evolutionary change, appear to be crucial
bridges to an evolutio derstanding. Students’ acceptance of the idea of
common ances ompanied by need-based reasoning, is a signific-
sp of evolutionary theory. These small steps should
not be seen as es of instruction but as small victories. In either of these
cases, identifying stitdents’ reasoning patterns is a crucial first step. This could
then be followed by a process of intentional conceptual change (see Sinatra &
Pintrich, 2003), in which students are made aware of their own thinking proc-
esses and of their use of language when explaining scientific processes.

As we have shown, children and adults alike are adept at shifting between
explanatory modes. This causal flexibility facilitates different ways of handling
what are often viewed as incompatible and conflicting worldviews and inte-
grating these with intuitive beliefs. It is not simply that they hold alternative
concepts, but these conceptions are rooted in different ways of understanding
how things in the world work. It is not enough to classify these as misconcep-
tions; it is also necessary to understand the underlying explanatory systems
that support these systems of belief.

who adopt a blended or synthetic form o
ficult challenge for teachers, depe
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