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The emergence and distribution of beliefs about the origins of speciesis investi-
gated in Christian fundamentalist and nonfundamentalist school communities, with
participants matched by age, educational level, and locale. Children (n = 185) and
mothers (n = 92) were questioned about animate, inanimate, and artifact origins,
and children were asked about their interests and natura-history knowledge. Pre-
adolescents, like their mothers, embraced the dominant beliefs of their community,
creationist or evolutionist; 8- to 10-year-olds were exclusively creationist, regard-
less of community of origin; 5- to 7-year-olds in fundamentalist schools endorsed
creationism, whereas nonfundamentalists endorsed mixed creationist and spontane-
ous generationist beliefs. Children’s natural-history knowledge and religious inter-
est predicted their evolutionist and creationist beliefs, respectively, independently
of parent beliefs. It is argued that this divergent developmental pattern is optimally
explained with a model of constructive interactionism: Children generate intuitive
beliefs about origins, both natural and intentional, while communities privilege
certain beliefs and inhibit others, thus engendering diverse belief systems. 0 2001
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The ideological banners raised by supporters at either end of the crea
tionist—evol utionist debate mark extreme positions of one of the most strident
of arguments about the nature of science in the 20th century. Scientific crea-
tionism has been declared an oxymoron (Numbers, 1992), and creationists
have been viewed asagroup of ‘‘ignorant fools” who are‘* abusing science’
(Godfrey, 1984). Creationist scientists have been equally caustic, dismissing
evolutionary explanations as mere theory (Cavanaugh, 1985) and accusing
evolution scientists of Satanism: ** Satan himself is the originator of the con-
cept of evolution”” (Morris, 1975, cited in Kehoe, 1995). Distortion of an
opponent’s position is typical of ‘‘partisans to ideological disputes”’ (Kelt-
ner & Robinson, 1996, p. 105) but behind the rhetoric lies an interesting
question, to be examined in this study: How can both of these incompatible
beliefs receive such widespread support? The present paper examines the
natural history of these ideas, their emergence and distribution in a popula-
tion of school-age children.

The dissemination of evolutionist and creationist beliefs in the population
at large, it will be argued, is a testament not only to their public availability
but also to their cognitive appeal (see Shore, 1996; Sperber, 1996; Strauss &
Quinn, 1997). The claim that creationist ideas are intuitively plausible while
Darwinian concepts are intuitively opaque (e.g., Dawkins, 1987) suggests
that cognitive constraints facilitate or limit the adoption of these explana-
tions. On the other hand, it could aso be claimed that the spread of such
beliefs is simply a function of social forces. By charting the emergence of
beliefs about origins in children from families where these beliefs are en-
dorsed to different degrees such as Christian fundamentalist and comparable
nonfundamentalist families, these competing claims can be examined in de-
tail. To provide a context for interpreting the empirical findings a brief back-
ground to the ideological dispute will first be given. This will then be fol-
lowed by a summary of some recent theoretical and empirical approaches
that provide a rationale for the various measures and analyses employed in
the empirical study.

EVOLUTIONISTS AND CREATIONISTS

Although evolution science and creation science are both 20th-century
products, both have their roots in earlier controversies about the nature of
biological kinds (e.g., Evans, 2000b; Mayr, 1982; Numbers, 1992). The cor-
nerstone of modern biological explanation is evolutionary science, which
arises from the synthesis of Darwinian theory and Mendelian genetics (Mayr,
1997); its central tenet is that all species, including the human, have a com-
mon descent extending over millions of years, and that distinct species arise
through natural adaptive processes. In the theistic form of evolution science,
embraced in some form by most Western religions, evolution is accepted as
avalid scientific truth, but the originator of the process is considered to be
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a Supreme Being. In contrast, creation science, which receives its strongest
support from Christian fundamentalism, holdsto the biblical dictum that each
biological kind or species was created individually by God about 6000 years
ago: Biblical literalism (Numbers, 1992). A cornerstone of this world view
is the immutability of species; new kinds could be created by God but never
by natural means (Kehoe, 1995). Essentialistic explanations of this type,
though, do alow for an inbuilt God-given capacity for limited change within
aspecies, which permits some diversity in intraspecies phenotypes (Morris &
Parker, 1982).

Modern creation science owes its resurgence to a series of influential
books by Christian Fundamentalists John C. Whitcomb and Henry M. Mor-
ris, published in the 1960s and 1970s. In these books the Noachim Flood is
invoked to explain the fossil record and flood geology to explain the geologi-
cal column (Kehoe, 1995; Numbers, 1992). The translation of this creationist
literature into many languages fostered the rebirth and subsequent spread of
creationist beliefs across theindustrialized world (Cavanaugh, 1985). Within
the United States, creationist and evolutionist beliefs are amost evenly dis-
tributed in the population at large, though there are regional variations (Cav-
anaugh, 1985; Miller, 1987; Numbers, 1992). Although those with a college
education are somewhat less likely then those with only a high school educa-
tion to hold creationist beliefs (Miller, 1987), such beliefs are, in general,
remarkably resistant to instruction. Thirty-eight percent of undergraduates
who had taken relevant courses in anthropology, for example, still held that
the Garden of Eden was the origin of human life (Almquist & Cronin, 1988).
However, students with creationist beliefs are in general no more anti-
scientific than the rest of the undergraduate population, nor are they any
more likely to believe in the paranorma (Harrold, Eve, & Goede, 1995;
Numbers, 1992).

In contrast to creationist ideas, modern evolutionary explanations, in par-
ticular Darwinian natural selection, appear to be very difficult to grasp (e.g.,
Ferrari & Chi, 1998; Greene, 1990; Samarapungavan & Wiers, 1997). Stu-
dentsfrom avariety of backgrounds, including school-age pupils, undergrad-
uates, and even advanced biology and medical students, often default to a
form of *‘Lamarckian’’ theorizing to explain adaptive changein species. The
crux of the problem seems to be that natural selection requires students to
accept strongly counterintuitive notions concerning random change and vari-
ation occurring at the level of a population. In spite of focused instruction
(e.g., Bishop & Anderson, 1990), such students are more likely to believe
inthe inheritance of acquired characteristics, that is that changesin an animal
population result from individual adaptations to novel environmental con-
ditions, which are then passed on to offspring. (The giraffe, for example,
stretchesits neck to reach high vegetation; its offspring inherit this character-
istic.) It took the genius of Lamarck to theorize that such a mechanism could
give rise to different species. It is not clear from the research on students
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conceptions whether they reason that new kinds arise in this manner, or con-
sider that what emerge are different versions of the same kind. Unlike Dar-
winian theory such explanations tend to be teleological in nature, in that
they invoke adaptation as a solution to the needs and purposes of individual
organisms (Evans, 2000b; Mayr, 1982). In contrast to that of creationist ex-
planation, Lamarck’s notion of teleology or purposeis dissociated from that
of intention or desire, insofar as he eschewed anything other than material
explanations (e.g., fluid dynamics) in his efforts to explain the apparent goal-
directedness of organisms (Atran, 1990; Gould, 1999).!

SOURCE ANALOGIES FOR THE ORIGINS OF SPECIES

When reasoning about an ill-defined or novel problem, such asthe origins
of species, scientists, theologians, and lay-people aike resort to analogy,
which makes the unfamiliar known (Holyoak & Thagard, 1995). Analogical
reasoning is ubiquitous and appearsto underlie many problem-solving capac-
ities including the generation of explanation. A good source analog should
match itstarget (i.e., the novel problem) in terms of feature similarity, struc-
tural relations, and purpose, which are hypothesized to act synergistically to
constrain its use (Holyoak & Thagard, 1995). By the timethey arein elemen-
tary school, children are competent analogical reasoners, provided the source
analog is grounded in familiar domains of knowledge (Gentner & Ratter-
mann, 1991; Goswami, Leevers, Pressley & Wheelwright, 1998). Accord-
ingly, elementary school children should be capable of constructing explana
tions for the origins of living beings without direct adult tutoring, at least
to the extent that the source analogs cognitively available to them facilitate
such constructions.

From the above description of theideological dispute, two distinct theories
about the origins of species are clearly identifiable in the population at large,
namely creation and evolution. However, there is a third version, spontane-
ous generation, the idea that ‘‘living beings could arise from non-living mat-
ter’”” (Roger, 1986). Spontaneous generation was a feature of early Greek
thought (Mayr, 1982), though it reappears in various guises over the centu-
ries. Of the three versions, the creation story is the only one that overtly
invokes an intentional and purposeful being; the others are naturalistic and
nonintentional .

Many have speculated that the source analogy for creationism is human
action (e.g., Guthrie, 1993; Holyoak & Thagard, 1995; Piaget, 1929). There
has been little empirical research on the topic but findings to date seem per-
suasive. For example, while most would claim that God has special powers,

! Lamarck, however, did credit God with the establishment of eternal living forms. For
reasons of space the complexity of Lamarck’s position cannot be conveyed here, but see Atran
(1990) for a detailed exposition.
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on arecall task for stories in which God was depicted as all-powerful and
all-knowing many undergraduates defaulted to a view of God as a human
with limited capacities (Barrett & Keil, 1996). If creationism is rooted in
human experience then developmentally one might expect younger children
to conflate God and human, with God depicted as an all-powerful parent.
On the basis of interviews with children of different ages, Piaget (1929, pp.
356—385) concluded that children are able to distinguish between the powers
of God and those of the human only after they understand the limitations
of human (parent) capacities, which happens around the early to mid-
elementary school years (see also Evans & Gelman, 2001). More recent con-
ceptualizations of children’ sintuitive beliefs view the latter as naive theories
focused on specific ontological domains (e.g., Wellman & Gelman, 1998).
Numerous studies in this constructivist mode indicate that by the late pre-
school years children’s understanding of their fellow humans, that is, chil-
dren’ s naive psychology or theory of mind, isrelatively advanced when com-
pared to that of adults (Carey, 1985; Wellman & Gelman, 1998). Findings
such as these indicate a firm basis for a source analogy from which children
could construct an understanding of creation, with God as a special kind of
human with the power to create living beings the way humans make artifacts.
Thisisaversion of the classic argument from design (e.g., Dawkins, 1987;
Holyoak & Thagard, 1995).

In contrast to the difficulties of learning Darwinian concepts, the idea of
inheriting acquired features appears to be intuitive, found from the *‘ancients
to the nineteenth century’’ (Mayr, 1982) and even in present day preschool-
ers (Springer & Keil, 1989). This suggeststhat children’ sintuitive ontologies
might reference a natural mechanism, the inheritance of acquired features,
which, even though incorrect, could be employed to explain the creation of
new species. However, thereisacrucia corollary: children must also accept
the premise that members of a kind can change in a fundamental way. This
premise, though, is unlikely to be a part of young children’s repertoire of
intuitive explanations, as it requires the overturning of their strongly held
essentialist beliefs in the immutability of living beings (Gelman, Coley, &
Gottfried, 1994; Gelman & Hirschfeld, 1999; Keil, 1989; Mayr, 1991). Be-
cause of their staunch essentialism, preschool and early-to-mid elementary
school children would be unlikely to endorse any kind of natural explanation
that involves species transformations. Nevertheless, one may ask whether
there are any circumstances under which children might be induced to revise
their implicit beliefs in the stability of species.

Theintuitive basis for the claim that the inheritance of acquired character-
istics could be a mechanism of species creation may arise from two source
analogies. The first is the cultural transmission of knowledge. The second
is gained from direct exposure to the natural world, and is probably more
appropriate as an analogy. Observers of nature are routinely confronted with
evidence of change in the characteristics of an animal population over brief
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periods of time, such as seasonal change (feather color) and metamorphosis
(caterpillar/butterfly). Moreover, fossil knowledge along with examples of
adaptation provided the material evidence that convinced scientists of the
validity of evolutionary claims (Mayr, 1982). This analysis suggests that
children’s essentialist beliefs might be able to be modified by exposure to
thefossil evidence or to evidence that animal populations apparently acquire
new adaptive featuresin response to environmental change (dynamic adapta-
tion: Evans, 2000b).

For spontaneous generation, the obvious source analogy could also be
derived from direct experience of the natural world. Consider that after a
spring thaw or a rainy period new life apparently spontaneously emerges
from the earth. Although it preexisted in embryonic forms such as seeds or
eggs, this might not be obvious to the casua observer. Unlike Lamarckian
evolution or creation, spontaneous generation explanations are nontel eol ogi-
cal inthat they do not directly invoke purpose or an underlying design (Mayr,
1982). Instead, such explanations comprise a variety of proximal causes that
describe how an organism, including a new species, becomes perceptible.
One of the more complex examples of spontaneous generation reasoning is
provided by Anaximander (ca. 610-546 B.c.), an early Greek philosopher
(Mayr, 1982, p. 302):

The first animals were generated in the moisture, and were enclosed within spiny
barks. . . . men were formed within these [fish-like creatures] and remained within
them like embryos until they had reached maturity. Then at last the creatures burst
open, and out of them came men and women, who were able to fend for themselves.

Source analogies: Developmental evidence. A recent study of the emer-
gence of beliefs about the origins of species in public elementary school
children (Evans, 2000a) revealed a consistent pattern: The youngest children
(5—7 years) endorsed mixed creationist and spontaneous generationist be-
liefs, children in the middie elementary-school years (8- to 10-year-olds)
were exclusively creationist, whereas the oldest children (10.5- to 12-year-
olds) were almost exclusively evolutionist with a smaller number being cre-
ationist. These children were from a university town in the mid-western
United States and although their parents' beliefs were not assessed it would
be reasonabl e to assume that the majority endorsed evolution. A second study
(Evans, 2000a) was carried out in rural and suburban areas of the Midwest,
where, on average, adults had fewer years of education than those in the first
study. Results for the two studies were similar, except that of the oldest
children and their parents in the second study about half were evolutionist
and the other half were creationist; a distribution also found in surveys of
the population at large (e.g., Numbers, 1992).

In the above studies it was not until early adolescence that children began
to articulate evolutionary ideas, abeit of a Lamarckian variety. Moreover,
in the second study, the degree to which parents endorsed evolutionary ideas
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and the degree to which children accepted the evidence for evolution, such
asthe fossil record, and endorsed beliefs in the inheritance of acquired char-
acteristics (dynamic adaptation), were reliable predictors of the adoption of
evolutionist explanations. Children are apparently able to suppress their es-
sentialistic beliefs in the constancy of living kinds when confronted with
convincing evidence that animals can change (Evans, 2000a). Although there
appeared to be a convergence between parents’ ideas about the origin of
species and those of their preadolescents, parents' beliefs bore little relation-
ship to their younger children’s explanations. These findings lead one to ask
what system of intuitive beliefs could account for the pattern of responses
found among the younger children.

It has already been suggested that children’s intuitive ontologies readily
provide a source analogy for creationism in the form of a naive psychology.
However, even though young children, like creation scientists, appear to ad-
here to the premise that species are immutable, this does not explain why
they shift toward exclusive creationism rather than persisting with naturalis-
tic spontaneous generationist explanations into the middle elementary school
years. Essentialism is compatible with either explanation. Two possible rea-
sons have been proposed, one centering on the intuitive appeal of creationist
explanations, as just described, and the other on the implausibility of sponta-
neous generationist explanations for the origins of species (Evans, 2000a, b).

In the studies mentioned above, children’s spontaneous generationist ex-
planations drew on a variety of natural nontransformational mechanisms to
describe how new speciesoriginated: * Grew on earth fromeggs. . .;”’ *‘Born
in the land and crawled out;’’ *‘just appeared’’ (Evans, 2000a). One unusu-
ally sophisticated response was similar to that of Anaximander (see above):

... they [dinosaurs] looked like small spiky ballsthat eventually unfolded themselves
and grew to enormous size and split themselves into plant and animal eaters—and
the ones that just couldn’t cope with life and they died out. (G, 10 years old)

Notably, such explanationsfail to address the underlying premise of ques-
tions about species origins. how and why did the ‘‘the very first X'’ get to
be there in the first place? One interpretation of the above findings is that
young school-age children’s naive biology is limited to proximate cause
mechanisms, such as growth or birth, that could explain how an organism
achieves its mature or perceptible form, but not how it comes into being
(Evans, 20004). To appreciate the final cause nature of the origins question,
children must first realize that a particular kind was once nonexistent (an
idea that might well be incompatible with essentialist notions of the stabil-
ity of the world)—the existential question. Once this question has been
broached, children are likely to wonder what purposeis served by their exis-
tence—the design stance (Dennett, 1987; Keil, 1994; Kelemen, 19993, b).
Spontaneous generation fails as a source analogy and as an explanation to
the extent that it fails to address these issues. Younger children’s adoption
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of spontaneous generation explanations may indicate that they have difficulty
appreciating the nuances of the origins question. Creationist explanations,
on the other hand, not only sanction essentialistic beliefs in the stability of
species, they address the notion of original design (Evans, 2000b), and, as
such, provide greater explanatory coherence (Thagard, 1989).

STUDY RATIONALE: COGNITION IN CONTEXT

These findings, athough provocative, were based on children’s open-
ended responses to questions about the origins of species. They imply that
the developmental sequelae emerged from interactions between changes in
children’ s knowledge structures and the social and natural contexts in which
the children were reared. However, until the study is expanded to include
children from homes where creationism is fully sanctioned, as found in
Christian fundamentalist communities, only limited conclusions can be
drawn. Moreover, although children may not have been able to spontane-
ously invoke creationist or evolutionist ideas using an open-ended interview
technique, they may well have endorsed such explanations had they been
presented in a forced-choice or closed-ended format. The latter techniques
act, in effect, as scaffolds (Rogoff, 1990), reminding children of explanations
that are present publicly, which they may not have accessed without such
support. Both of these drawbacks are addressed in the current study.

If ideas about the origins of species are in part derived from natural and
social source analogs, as described earlier, then the extent to which children
are exposed to and val ue those sources and associated areas of inquiry should
be causally linked to children’ s adoption of these beliefs. To investigate these
propositions in more detail, this study included some limited measures of
the custom complex, that is the interconnected practices, beliefs, and values
in which the child is embedded (Shweder, Goodnow, Hatano, LeVine, Mar-
kus, & Miller, 1997). The adoption of creationist beliefs, for example, should
be positively related to the degree which religious activities and interests are
endorsed by the child and family, but not to interest in fossils or to unrelated
interests, such as in cars or music. On the other hand, finely tuned interests
in the natural world, as evidenced by children’s knowledge of fossils and
adaptation, and parental encouragement of such interests, should be posi-
tively related to the degree to which evolutionary ideas are endorsed.

One unexpected finding of the second of the two earlier studies (Evans,
2000a) was that about a third of the older elementary school children and
adults endorsed mixed evolutionist and creationist beliefs. Some of the re-
spondents may have embraced theistic evolution, which, as described earlier,
isacoherent belief system. It is also possible that some respondents believed
that humans and other animals have different origins: creationist for humans
and evolutionist for other animals. However, most of these participants ap-
peared to be struggling with what they viewed as incompatible concepts,
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suggesting that neither provided explanatory coherence (Thagard, 1989).
Given that a putative source analogy for creationismis artificialism, an indi-
cator of a coherent creationism should be the extent to which these ideas
are clearly demarcated: God (but not humans) should be credited with the
capacity to create natura kinds (both inanimate, e.g., rocks, and animate,
e.g., animals); whereas, humans (but not God) should be credited with the
capacity to create artifacts. Measures testing these propositions will also be
included.

In sum, the current study draws from matched Christian fundamentalist
and nonfundamentalist school communities and includes, in addition to the
original open-ended origins questions, closed-ended questions targeting arti-
facts, inanimate and animate natural kinds, as well as some measures of the
custom complex. For the purposes of this study, fundamentalist communities
were defined as school communities in which biblical literalism was em-
braced. Analyseswill be of two kinds. First, community and age group com-
parisons will be made to verify that these two custom complexes vary in
waysthat arelikely to support the differential spread of creationist and evolu-
tionist beliefs. An often unrecognized problem with this approach, however,
isthat each community istreated asif individual members comprised asingle
group with auniform belief system (D’ Andrade, 1990). As described above,
even within the nonfundamentalist populations there are a range of beliefs
about origins. Therefore the second set of analyses will focus on the age-
related and experiential factors that relate to individual rather than to group
belief patterns.

METHOD

Subjects

Christian fundamentalist children (n = 102: 48 females, 54 males) and their parents were
recruited from two private Christian academies (69%) and a Christian home-schooled group
(31%). Their homes were in 26 rural and suburban towns and cities in one Midwestern state.
The nonfundamentalist children (n = 83: 45 females, 38 males) and their parents, matched
(to the extent possible) by age and locale to the fundamentalist children, were recruited from
the same or adjacent towns and cities (18 in all) using a fan-out method: 88% went to public
schools, and 12% to parochial schools. Wherever possible, entire families were recruited: in
the nonfundamentalist group, 95% of children had a parent who participated (n = 45); in the
fundamentalist group, 68% of children had a parent who participated (n = 47). The final set
of analyses focused on complete data from family groups, only.

All schools, private and public, participated in state-mandated achievement tests that in-
cluded atest of scientific knowledge, which differed by grade, and included fossils, dinosaurs,
and natural history. Moreover, al the schools tended to use the same science textbooks, even
though the actual curriculum varied by school. However, religious studies, including aliteral
interpretation of the bible, were aregular part of the curriculum of the Christian fundamentalist
schools only.

The children were divided into three age groups following Evans (2000a): (1) Y oung Group
(Grades K—2) with a mean age of 6.8 years and arange of 5.3-7.9 years (nonfundamentalist,
n = 25; fundamentalist, n = 38). (2) Middle Group (Grades 3—4) with a mean age of 9.1
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years and a range of 8.1-10.2 (nonfundamentalist, n = 29), and a mean age of 9.0 years,
8.2-10.3 years. (fundamentalist, n = 34). (3) Older Group (Grades 5—-7) with a mean age of
11.5 years and a range of 10.3-12.9 years (nonfundamentalist, n = 29), and a mean age of
11.9 years and arange of 10.3—13.4 years (fundamentalist, n = 30). There was also an Adult
Group comprising 45 nonfundamentalist and 47 fundamentalist parents (one father; the rest,
mothers or female guardians).

Demographic information. The educational level of al adultsin the household was supplied
by the parent respondent. Using a five-point scale (1, Some High School, 2, High School; 3,
Two-Year College; 4, Four-Year College; 5, Some Graduate Schoal), the mean completed
educational level of the fundamentalist mothers was 3.4 (SD = 0.9); the fathers, 3.7 (SD =
1.0); and the predicted completed educational level for the child, according to the parent, 4.2
(SD = .7). Levels for the nonfundamentalist families were comparable: mothers, 3.2 (SD =
1.2); fathers, 3.3 (SD = 1.3); and predicted completed level for the child 4.2 (SD = .8). There
were no significant differences in parental educational levels of children from the two school
communities. Seventy-two percent of the children from the fundamentalist school communities
attended a Christian fundamentalist church (e.g., Church of Christ, Southern Baptist), 11%
attended a nonfundamentalist church, (e.g., Catholic, Jewish, Methodist), and 11% did not
attend church regularly. In contrast, of the children attending nonfundamentalist schools, 24%
attended a fundamentalist church, 42% a nonfundamentalist church, and 34% did not attend
church regularly. Churches, like the schools, were grouped as fundamentalist only if they were
judged likely to embrace biblical literalism (for example, not all Southern Baptists are biblical
literalists, whereas some conservative Catholics are).

General Procedure

All child interviews were conducted by the investigator and two female research assistants
and lasted approximately 30 min. Sixty percent of the interviews were conducted in the child’'s
home, 3% in the town library, and 37% in the child’s school during regular school hours. For
thein-home interviews, the mother (or guardian) filled in the parent questionnaire either while
the child was interviewed in a separate room or after the child interview. Following the school
interviews a parent questionnaire was sent home (including a stamped, addressed envelope)
with each child. The numbers of adults completing each measure varied as not al parents
completed all parts of the questionnaire. The interview was developed in collaboration with
members of the Christian fundamentalist communities to ensure that the wording was accept-
able. To verify interview reliability and to check the accuracy of the transcripts, al interviews
were audiotaped with the permission of the parent and the child. Coding of the open-ended
questions was done by coders blind to both the nature of the hypotheses and the group of the
subject. The specific tasks and coding criteria for both children and parents will be described
in four sections. (1) Open-ended origins task; (2) Closed-ended origins task; (3) Is the human
a special case? (4) Natural-history knowledge, interests, and activities.

Task order. After the child was asked some initial demographic questions, the first task
focused on the child’sinterests. This was followed by the open-ended origins task, the closed-
ended originstask, and the natural-history questions. For the parents the task order was similar,
except that following the demographic questions parents were given a closed-ended task that
probed whether their origins explanations differed depending on the target (human versus
dinosaur) and the age of the child. In place of the natural-history questions given to the child,
parents were asked what activities and interests they encouraged in their children, as the focus
of the interviews was on the child’s knowledge and interests (not the parent’s).

Origins Explanations. Open-Ended

The children’s task was introduced with the following statement that was worded to draw
their attention to the idea that a species may not have existed in the past (Evans, 2000a). ‘I
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am going to ask you some questions. There are no right or wrong answers to these questions,
just different kinds of ideas. Think about how the very first things got here on earth. A long,
long time ago there were no things on earth. Then there were the very first things ever. Now,
think about the Target Item [Target Item description]. How do you think the very first Target
Item got here on earth?’ (if no answer was €licited, there were two probes). The three target
items were the sun bear [a kind of bear from Asia], the tuatara [a kind of lizard from New
Zedland], and the human. All items were presented verbally only. The human was aways
last, with the order of the other two targets alternated between subjects. The tuatara and sun
bear were considered to be unfamiliar and unlikely to elicit well-rehearsed knowledge.

The parent questionnaire included the following statement: ‘‘Imagine you were teaching a
10- to 12-year old child you know, and he or she had asked you the following questions.
Please briefly write down your answers. The questions were '*How did the very first Target
Item [Target Item description] get here on earth?* The target items, which were presented
in a fixed order, were, tuatara, sun bear, and human. The age of the target child was based
on results from earlier studies (Evans, 2000a), in which it appeared that by 10-12 years of
age children had converged on the beliefs of the adult population.

Coding criteria. Responses to both the parent and the child origins questions were coded into
four explanation patterns (aswell asDon’t Know and Other), asin Evans (2000a). Spontaneous
Generation, responses indicating a natural but non-transformational origin for species (e.g.,
‘‘grew from the earth,”” ‘‘born in the earth,”” ‘‘appeared’’); Creation, responses indicating
that God, a human, or another creature, created, planned, or put a species on earth; Evolution,
responses indicating the transformation from one distinct animal kind into another (indicated
by different species names, e.g., gorilla to a person or fish to a dinosaur); Hybridization,
responses indicating that new species arose because of the interbreeding of two different spe-
cies.

All responses were coded by two people. Interrater agreement for the assignment to explana-
tion pattern for the origins questionsfor the first 100 subjects (approximately half fundamental-
ist and half nonfundamentalist) was as follows: tuatara origins (86%); sun bear origins (94%);
human origins (97%). All disagreements were subsequently resolved by discussion.

Origins Explanation: Closed-Ended

The intent of this task was to investigate children’s origins explanations with a forced-
choice, recognition technique and to investigate the extent to which subjects’ explanations
were similar across diverse entities, representing different domains (animate, artifacts, inani-
mate). For all the explanations, prototypic exemplars were selected from children’ s open-ended
responses given in earlier studies (e.g., Evans, 2000a). Owing to the diversity of children’s
spontaneous generationist explanations, two exemplars were chosen, both of which could be
applied to any type of entity (they did not reference a biological process such as growth
or birth); the selected evolutionist explanation overtly repudiated the essentialist notion of
immutability. To represent the putative source analogy for creationism (God-made), an artifi-
cialist (human-made) explanation was also included. Pilot testing indicated that among adults
the creationist exemplar was likely to elicit a positive response from biblical literalists but
not from theistic evolutionists, who did not find this form of creationism acceptable.

Task. The children viewed seven pictures, randomly selected one at a time from a bag,
consisting of three animate entities (sun bear, tuatara, human), two inanimate entities (rock,
crystal) and two simple artifacts (toy chair, doll). For each pictured Target Item, children were
asked to what extent they agreed or disagreed with five statements (also randomly ordered)
about the origins of the entity. Children used an Agree—Disagree card with a four-point scale
to indicate how much they agreed with each statement. On the card there were four expressive
faces indicating either disagreement (1, a lot; 2, a little) or agreement (3, a little; 4, a lot).
Children were first trained to use the card, and no child had problems with its use. If any
question elicited a‘‘don’t know'’ response the question was repeated twice; if the child per-
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sisted with a ‘‘don’t know’’ response, a neutral 2.5 was assigned for that explanation and
target (this happened rarely; less than 0.5% cases). The origins question was always:. ‘‘How
did the very first Target Item get here on earth?’ The origins explanations consisted of the
following: Creationist (‘‘God made it and put it on earth’’), Artificialist (*'A person made it
and put it on earth’’), Evolutionist (‘‘It changed from a different kind of animal that used to
live on earth’”), Two spontaneous-generationist explanations (‘‘It just appeared; It came out
of the ground’’).

Adults were given the same task in a questionnaire format. For the adults the entities were
presented in a fixed order (doll, tuatara, rock, crystal, sun bear, chair, human), and for each
entity the origins explanations were in a different fixed order. Adults also used the same four-
point, agree—disagree scal e to indicate the degree to which they would endorse the explanation.
Both adults and children could (and did) designate intermediate points on the scale and their
responses were given proportional values (e.g., 3.5).

Is the Human a Special Case?

This measure was designed to elicit possible changes in the way parents explained their
beliefs about human origins versus dinosaur originsto children of different ages. If the source
analogy for creationismisafolk psychology, then parents might apply creationist explanations
more often to the human than to other animals, moreover, even nonfundamentalist parents
might be more likely to explain species origins in creationist terms to younger children.

In the questionnaire parents were told, ‘‘what follows are some explanations about origins
that adults might give to children of different ages. Asthey are examples of children’s answers
(from an earlier study), we would not expect adults to give exactly the same explanations.
We want to know if you would give similar explanations to your own children.”” Parents used
afive point scale anchored at 1, | would never—; 3, | might give—; and 5, I'm very likely—
(to) give a similar explanation. Parents rated the likelihood of giving these explanations to
children in each of the following age groups: 3-5 years, 6-9 years, 10-12 years (preschool,
early—mid elementary, late elementary). Twelve explanations for dinosaur origins were fol-
lowed by twelve explanations for human origins; they comprised the following groups, with
no two explanations from the same group appearing next to each other: (1) Spontaneous gener-
ationist—four items (e.g., came alive suddenly; they were just born in a cave; could have just
appeared), (2) Creationist—four items (e.g., God made the dinosaurs; God made the humans
and put them on earth), (3) Evolutionist—four items (e.g., along time ago dinosaurs began as
sea-animals; humans evolved from other creatures such as the ape).

Natural-History Knowledge, Interests, and Activities

Children (but not parents) were given 12 randomly ordered statements on natural history,
which were based on typical misconceptions exhibited by children in earlier studies (Evans,
2000a): 6 were true and 6 were false. Responses to 9 statements on fossils and deep time
were grouped into a measure called Fossil Expertise. The 3 remaining statements probed for
children’s agreement with the idea that animals acquire new features in response to changed
environmental conditions, called Dynamic Adaptation (see Appendix). Children used the pre-
viously described Agree—Disagree card (with the same four-point scale) to indicate how much
they disagreed or agreed with each statement.

Children aso participated in four tasks in which they were shown five randomly ordered
pictures of specific interests and activities common to children in this age range. They rank
ordered the pictures from those they liked the most (to read about, to collect, to visit, etc.),
to those they liked the least; each interest was then assigned a number from 1 (the least) to
5 (the most), for each task (several were filler items). In addition, children used a five-point
scale (1, Never; 3, Once or more ayear; 5, Once or more a week) to indicate how often they
engaged in five different activities. Conceptually related items from these tasks were grouped
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(3-5 items per group) into four measures of interest (Range, 1-5): (1) Religious (e.g., like
to read bible stories; like to go to church; frequency of church attendance); (2) Fossil (e.g.,
like to read about fossils and rocks; like to collect fossils and rocks); (3) Dinosaur (e.g., like
to collect model dinosaurs; like to go to dinosaur museums); (4) Genera (e.g., Like to read
make-believe stories; like to collect stamps; like to go swimming; like to go to movies).

Parents rated the importance of 25 potential child interests and activities (including three
practice items) using a five-point scale anchored at 1, Not at al Important; 3, Important; and
5, Very Important—for their ‘“child to do or to have.’’ The activities were presented in a
fixed order (with the constraint that no two activities from the same group appeared succes-
sively) and comprised the following groups (5—6 items per group): (1) Musica (e.g., to learn
how to sing; to play a musical instrument), (2) Religious (e.g., to learn about Jesus and other
religious figures; to go to a church, synagogue, or other place of worship regularly), (3) Fossil
and Dinosaur (e.g., to go to rock and fossil museums; to have books on dinosaurs), (4) Nature
(e.g., to have their own plants; to go on nature walks).

RESULTS AND DISCUSSION

Part One: Community Comparisons
Origins Explanations: Open-Ended

The main question addressed in this analysis is whether previous age-
related patterns of explanation for the origins of species found in nonfunda-
mentalist school communities? (Evans, 2000a), are also found in the funda-
mentalist school community. The findings indicate that creationist responses
predominate in each age group in the fundamentalist community, while natu-
ralistic responses (evolution and spontaneous generation) are rarely en-
dorsed. Thisisunlike the pattern for the nonfundamentalist population where
the dominant response depended on the age of the participants.

The basic measure, called frequency of explanation, was computed by
recording the number of times participants invoked each of the explanations
of interest (evolution, creation, spontaneous generation) across the three ani-
mate exemplars (human, sun bear, tuatara); the hybridization explanation
was invoked too rarely to be included in the analysis. The possible range of
scores for each explanation was 0-3. Mean frequency scores (and standard
errors), by age group, in the nonfundamentalist and fundamentalist commu-
nities can be seen in Fig. 1. The origins-explanation frequency scores were
anayzed in a2 (Community: Fundamentalist, NonFundamentalist) X 4 (Age
group: Young, Middle, Older, Adult) X 3 (Explanation: Evolution, Creation,
Spontaneous Generation) mixed-design analysis of variance (ANOVA),?
with origins-explanation as the repeated measure. There was a main effect
for origins-explanation, F(2, 510) = 230.8, p < .0001, and three significant
interactions: origins-explanation X age group, F(6, 510) = 10.7, p < .0001;
origins-explanations X community, F(2, 510) = 50.4, p < .0001; and

2 Further details of results on this measure (frequency of explanation) with the nonfundamen-
talist group only can be found in Evans (2000a).
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FIG. 1. Mean frequency scores for three explanations for the origins of speciesin funda-
mentalist and nonfundamentalist elementary school communities, by age group.

origins-explanations X age group X community, F(6, 510) = 7.5, p < .0001.
(A separate repeated measure ANOVA, without the adult group, included
gender and found no significant main effects or interactions with gender.)
To clarify the nature of the interactions post hoc Scheffé comparisons were
carried out separately within each school-community by age group, and then
certain hypothesis-related comparisons were made between communities
within each age group to verify the reported pattern. The overall focus was
on the pattern of explanation preferences characterizing a particular age
group (see Fig. 1).

Nonfundamentalist school community. Among the young age group, cre-
ation and spontaneous generation were favored over evolution (p’'s < .007),
with no significant difference between creation and spontaneous generation.
For the middle age group, in contrast, creation was favored over both evolu-
tion and spontaneous generation (p's < .0001), with no significant difference
between the latter pair of explanations. In both the older age group and the
adults there were no significant differences between creation and evolution
and both were favored over spontaneous generation (p's < .02).

Fundamentalist school community. In all age groups, including the adults,
creation was favored over both evolution and spontaneous generation (p’'s <
.0001). Of the two least-preferred explanations, the young children tended
to invoke spontaneous generation more often than evolution (p < .07), with
no significant difference in the middle and older age groups, among the
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adults, however, evolution was favored over spontaneous generation as a
less-preferred explanation (p < .05).

Summary. Comparisons of the results from two school communities (see
Fig. 1) suggest that the two natural explanations (evolution and spontaneous
generation) were ailmost completely suppressed in the fundamentalist com-
munity rel ative to the nonfundamentalist community. Thus, creationist expla-
nations predominated in every age group among the fundamentalists, but in
the nonfundamentalist school community it was only in the middle age group
that creation was the single most favored explanation. Confirming the latter
pattern, with the exception of the middle age group, significant differences
were found between the two communities in each age group for the fre-
quency of creationist explanation (p's < .0002).

Origins Explanations. Closed-Ended

The next set of analyses focused on whether the same patterns of explana-
tion would be found with the use of a forced choice rather than an open-
ended method. In addition, adults and children were asked to what extent
they agreed that natural (evolution, spontaneous generation) or intentional
(creationist, artificialist) origins explanations could be applied not only to
animate natural kinds, but also to artifacts and to inanimate natural kinds.
The use of closed-ended or forced-choice questions gave participants the
opportunity to explicitly consider al explanations, making it possible for
explanations that are not easily invoked in an open-ended recall procedure
to be endorsed when using a closed-ended recognition procedure.

As can be seen in Fig. 2, athough the same overall pattern is apparent
with the use of the forced choice procedure for the animate entities, there
isan increase in creationist responses, especially among younger nonfunda-
mentalist children. Additionally, thereis an effect of domain with spontane-
ous generation favored for inanimate entities and artificialism for artifacts.

A measure termed origins-explanation agreement was constructed for
each origins explanation; this was the mean level of agreement (scale, 1-4)
with each origins explanation for each of the three domains: animates, arti-
facts, and inanimates. In order to limit the number of analyses, only one of
the two spontaneous generation exemplars, ‘It came out of the ground,’”
was used to represent that explanation (the results for both exemplars were
similar for the animates). For each domain the origins-agreement scoreswere
analyzed in a2 (Community: Fundamentalist, Nonfundamentalist) X 4 (Age
group: Young, Middle, Older, Adult) X 4 (Explanation: Creation, Evolution,
Spontaneous-Generation, Artificialist) mixed-design ANOV A, with explana-
tion as the repeated measure. Where there were significant interactions, post
hoc Scheffé comparisons focused on the pattern of explanation preferences
characterizing a particular age group; differences between explanations that
were rejected by the participant (disagree on the agree—disagree scale) will
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FIG.2. Animate origins. Mean agreement scoresfor three explanations, in fundamentalist
and nonfundamentalist elementary school communities, by age group.

not be reported in any detail, but they do provide evidence that children
were evaluating the explanations appropriately. As before, selected further
comparisons were made between communities within each age group to ver-
ify the reported pattern.

Animate origins. There were significant main effects for community, F(1,
268) = 4.8, p < .03, age group, F(3, 268) = 10.6, p < .0001; and explana-
tion, F(3, 804) = 765.0, p < .0001; means and standard errors can be seen
in Fig. 2 (artificialism was rejected: means < 2). Additionally, there were
significant interactions. explanation X age group, F(9, 804) = 83, p <
.0001; explanation X community, F(3, 804) = 33.93, p < .0002; and expla-
nation X age group X community, F(9, 804) = 3.7, p < .0003. In the young
and middle nonfundamentalist age groups, creation was favored over all
other explanations (p's < .0001). In the older age group and the adults there
was no significant difference between creation and evolution and both were
favored over both spontaneous generation and artificialism (p's < .0001).
In all age groups in the fundamentalist school community, creation was the
most strongly endorsed of all explanations (p’s < .0001). Between-commu-
nity comparisons showed significant differences in each age group for cre-
ation (fundamentalists higher, p's < .0003) and evolution (nonfundamental-
ists higher: young-group, p < .05; the other age groups, p's < .009).
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FIG. 3. Artifact origins: Mean agreement scores for three explanations, in fundamentalist
and nonfundamentalist school elementary school communities, by age group.

Artifact origins. There were significant main effects for community, F(Z1,
268) = 4.3, p < .04, age group, F(3, 268) = 20.0, p < .0001, and explana-
tion, F(3, 804) = 861.8, p < .0001; means and standard errors can be seen
in Fig. 3 (spontaneous generation was rejected: means < 2). Additionally,
there were significant interactions. explanation X age group, F(9, 804) =
13.8, p < .0001; explanation X community, F(3, 804) = 2.8, p < .04, and
explanation X age group X community, F(9, 804) = 2.5, p < .007. In both
communities artificialism was favored over al other explanations (p's <
.0001), with the exception of the young nonfundamentalist children, for
whom creationist and artificialist origins were preferred equally. Between-
community comparisons within each age group for artificialism and creation
showed differences in the young age group only, with creation more likely
to be endorsed in the nonfundamentalist community (p < .006). (Thisinter-
esting result will be investigated in more detail later.)

Inanimate origins. There were significant main effects for age group, F(3,
268) = 15.9, p < .0001, and explanation, F(3, 804) = 362.0, p < .0001;
means and standard errors can be seen in Fig. 4 (evolution was rejected:
means < 2). Additionally, there were significant interactions: explanation X
age group, F(9, 804) = 3.3, p < .0007; explanation X community, F(3,
804) = 39.0, p < .0001; and explanation X age group X community, F(9,
804) = 2.3, p < .02. In the fundamentalist community, creation was the



234 E. MARGARET EVANS

NON-FUNDAMENTALIST FUNDAMENTALIST Strongly
Agree
2 o
17} - - O
3 T Spontaneous - .
@ Generation + + Creation
= -
S
L]
?j 34 -3 Agree
=
]
£ Spentaneous
3 Generation
& 1
< T
< T
-] Creation
g T n 1
= 21 T -2 Disagree
=]
=] Artificialist L
£ Artificialist
=
-
1 1 Strongly
I : ' ' ' ! ! T Disagree
Young Middle Older Adult Young Middle Older Adult
AGE GROUPS

FIG. 4. Inanimate origins: Mean agreement scores for three explanations, in fundamental-
ist and nonfundamentalist elementary school communities, by age group.

explanation of choice for all age groups (p’'s < .0001), though spontaneous
generation was significantly preferred over artificialism and evolution (p's <
.02). Among the nonfundamentalists, spontaneous generation and creation
were both strongly endorsed by al age groups. For the older age group,
spontaneous generation was favored over creation (p < .05), whereas for
all the other age groups both explanations were equally endorsed. Between-
community comparisons within age groups reveal that with the exception of
the young age group, where spontaneous generation and creation were both
endorsed equally, creation was more likely to be endorsed in the fundamen-
talist than in the nonfundamentalist community (p’s < .007). On the other
hand, with the exception of the middle age group, where they were endorsed
equally, spontaneous generation was more likely to be endorsed in the non-
fundamentalist community (p’'s < .04).

Summary. The overall developmental pattern for animate entities with the
forced-choice questions was similar to that found with the open-ended ques-
tions, with the interesting exception of the younger nonfundamentalist chil-
dren: they were more likely to endorse creation and less likely to endorse
spontaneous generation with the forced-choice paradigm. Notably, however,
the younger children still did not endorse evolution. The lack of endorsement
for spontaneous generation could result from several factors, which will be
discussed in some detail later. One possibility, however, is that the exemplar
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‘*came out of the ground’’ was too specific, although it was a frequent re-
sponse to the open-ended questions. However, the second spontaneous gen-
eration exemplar “‘it just appeared’’ potentially had a broader appeal, yet
the pattern of responses for the two exemplars was very similar, especialy
for the animate entities. Of course, it is possible that the spontaneous genera-
tionist exemplar (came out of the ground) would have been deemed plausible
as an explanation for animate origins by more children if it had been linked
to a biological cause (growth, birth), which was done by some children in
the open-ended measure.

An interaction between domain and explanation was aso found. For arti-
facts, members of all communities endorsed artificialism, again with the ex-
ception of the young nonfundamentalists who appeared to conflate artifi-
cialism and creationism. On the other hand, spontaneous generation was
more likely to be endorsed for inanimate natural entities than for animates
or artifacts, by all age groups in both communities.

Is the Human a Special Case?

Initial analyses focus on whether the overall pattern of explanations en-
dorsed by parents differed depending on the type of exemplar (human or
dinosaur) and the type of school community (fundamentalist and nonfunda-
mentalist). It was found that the type of exemplar does have an effect on
parental responses especialy in the nonfundamentalist community.

Parental endorsement of each explanation (range 1-5: evolution, creation,
and spontaneous generation) was analyzed in a2 (Community: Fundamental-
ist, Nonfundamentalist) X 2 (Exemplar: Human, Dinosaur) mixed-design
ANOVA, with exemplar as the repeated measure. In this analysis no distinc-
tion was made between age groups. As expected, nonfundamentalist parents
were much more likely to endorse evolution overal, F(1, 77) = 354, p <
.0001, but parents from both communities were more likely to apply evolu-
tion to the dinosaur (means: 1.6 and 2.9) than to the human (means: 1.3 and
2.2), F(1, 77) = 39.8, p < .0001. On the other hand, fundamentalist parents
were more likely to endorse creationism overall F(1, 77) = 15.4, p < .0003,
but both groups were more likely to apply creation to the human (means:
3.6 and 4.6) than to the dinosaur (means: 2.9 and 3.6), F(1, 77) = 94.5,
p < .0001. Although neither community was likely to endorse spontaneous
generation explanations (means: 1.1 to 1.4), when they did, they were more
likely to apply them to the dinosaur than to the human F(1, 77) = 19.5,p <
.0001.

The next analyses are broken down by the targeted age group: preschool,
early—mid elementary, late elementary. Members of the fundamentalist com-
munity consistently endorsed creationism, and parents, in general, rarely en-
dorsed spontaneous generation; therefore these analyses focused on nonfun-
damentalist parents and whether they felt they would tailor their creationist
or evolutionist explanations to the age of the child. Nonfundamentalist par-
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ents were significantly more likely to explain human and dinosaur origins
in evolutionary terms to both age groups of elementary school children, than
to their preschool children (F's 16.0 to 19.0; p's < .0001). Moreover, non-
fundamentalist parents were more likely to give creationist explanations for
dinosaur origins to their preschoolers, than to the two elementary school
groups (F = 3.1; p < .05); they did not discriminate between age groups,
however, when giving creationist explanations for human origins.

To confirm this indication that the human is treated as a specia case, a
secondary analysis of answers to the earlier closed-ended origins questions
was conducted to see if this result would hold true across explanations that
wereidentical for human and nonhuman targets. For the closed-ended origins
questions reported earlier, the human and the two nonhuman species (tuatara,
sun bear) were separated into two measures (human versus nonhuman) and
compared using one-tailed, paired t-tests. Overal, evolution, t(275) = 5.2;
p < .0001, was more likely to be applied to the nonhuman species, and
creation to the human, t(275) = 2.0; p < .03. When the results were broken
down by community and age group, a clearer picture emerged for creation.
The preferential use of creation for the human was evident only in the middle
age groups from both communities and in adult members of the nonfunda-
mentalist community (t's 2.2 to 3.5; p's < .02 to < .0007). These results
provide corroborative evidence for the previous findings.

Summary. A possible cause of the age-related sequence of beliefs exhib-
ited by nonfundamentalist children is that parents change their explanations
depending on the age of the child, though it would be difficult to determine
the causal direction of the effect. However, given the inconsistency of the
pattern, direct parental input seems unlikely to have contributed much to the
developmental sequelae. Both measures described above indicate that hu-
mans are treated as a special case, especialy in nonfundamentalist settings,
and are more likely than nonhuman speciesto elicit creationist origins. More-
over, these results demonstrate that parents, particularly nonfundamentalist
parents, are likely to manifest mixed beliefs: evolution applied to nonhuman
species and creation to the human.

Natural-History Knowledge, Interests, and Activities

The next analyses targeted some limited measures of the custom complex
in fundamentalist and nonfundamentalist homes and schools, to evaluate
whether they differed in ways consistent with the differences in beliefs be-
tween the two communities. As can be seenin Table 1, this effect is apparent
in the expected areas of expertise and interest.

Mean scores for the measures of children’s natural-history knowledge and
interests, and parents' encouragement of child interests, by school commu-
nity, are presented in Table 1. (The higher the score the more expert or
interested they were, depending on the measure, and the more likely they



DIVERSE BELIEF SYSTEMS 237

TABLE 1
Natural-History Knowledge and Interests of Elementary-School Children in Fundamentalist
and Nonfundamentalist School Communities: Means (Standard Deviations)

Measure (Range) Nonfundamentalist Fundamentalist  F value

Child natural-history knowledge

Fossil expertise (1-4) 29 (4 2.7 (4 12.5%**
Dynamic adaptation (1-4) 2.0 (.8) 1.7 (.8) 7.4%*
Child interests
Religious (1-5) 2.8 (.9 35 (.9 23.9%**
Fossil (1-5) 29 (.9 2.6 (.9 4.9*
Dinosaur (1-5) 27 (.9 2.8 (1.0) 0.2
General (1-5) 34 (.9 33 (.7 16
Parent encouragement of child interests
Religious (1-5) 35 (1.0 4.6 (.5) 41.6***
Dinosaurs/fossils (1-5) 3.6 (.8 3.1(.8) 8.7%*
Nature (1-5) 3.9 (.6) 36 (.7) 6.2*
Music (1-5) 3.4 (.8) 32 (.8) 2.7
*p < .05
** p < .01
**% p < .001.

were to endorse the belief in the inheritance of acquired features). One-way
ANOVAswith Community (2) conducted on each of the measures (F values
reported in Table 1) showed that members of these two school communities
differed on those interests putatively related to their belief systems (religion,
fossils), but not on more neutral interests (general interests, music). I nterest-
ingly, although nonfundamentalist children were more knowledgeabl e about
fossils, they were morelikely than fundamentalist children to accept the false
notion that acquired features could be inherited (dynamic adaptation). Chil-
dren from both communities were interested in dinosaurs, although they dif-
fered intheir interest in fossils. Thisfinding fitsinwith other findings (Evans,
20004) that children’s ability to sort and describe dinosaurs does not neces-
sarily entail the knowledge that dinosaurs are an important part of the fossil
record.

Analyses of the effects for gender on child interests indicate main effects
only: In both communities, females preferred religious activities (F = 10.4;
p < .002) and generd interests (F = 76.3; p < .0001), and males, fossils
(F = 16.3; p < .0001) and dinosaurs (F = 57.5; p < .0001). There were
no effects for gender, however, on either measure of child natural-history
knowledge.

Summary. Overall, children and parents from fundamentalist communities
were more likely to endorse religious interests, whereas those from nonfun-
damentalist communities were more likely to endorse interests in nature and
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fossils. Interests in music and more general interests in sports, cars, dolls,
etc., were endorsed equally by both communities.

Part Two: Individual Differences

Typology of Belief: Implications for Explanatory Coherence

The above results demonstrate that participants often manifested mixed
beliefs with evolution applied preferentially to nonhuman species and cre-
ation to the human. As group results obscure individual differencesit is not
clear whether of the adult nonfundamentalists half were evolutionist and half
creationist or whether most endorsed mixed creationist and evolutionist be-
liefs (see Fig. 1). To examine such individual differences in more detail,
composite measures of the consistency of beliefs were derived from the ori-
gins questions described earlier and used to create a typology of beliefs for
each community; the coherence of these explanatory systems was then ex-
plored by comparing these typologies.

Beliefs that appear to contradict one another are defined asincoherent (see
Thagard, 1989); it would follow that they are unlikely to exist as related
concepts within a coherent explanatory framework. The belief that God cre-
ated each living kind as an exclusive and immutable entity and the belief
that each living kind evolved, for example, are mutually exclusive. However,
as can be seen in Tables 2-5, the beliefs of many of the participants, particu-
larly those in the nonfundamentalist community, appear to be incoherent in
that they endorse both creationist and evolutionist explanations.

TABLE 2
Animate Origins: A Typology of the Frequency of Evolutionist and Creationist Beliefs
among Elementary School Children (Young, 5-7 Years, Middle, 8-10 Years, Older, 11-13
Years) and Adults from Nonfundamentalist and Fundamentaist School Communities
(Percentage of Group)

Age group
Typology Y oung Middle Older Adult

Nonfundamentalist school community

(1) Evolution/No Creation 0 3 34 26

(2) Evolution and Crestion 22 21 31 33

(3) Creation/No Evolution 56 76 35 36

(4) Neither 22 0 0 5
Fundamentalist school community

(1) Evolution/No Creation 0 3 3 3

(2) Evolution and Creation 5 15 10 18

(3) Creation/No Evolution 92 82 87 79

(4) Neither 3 0 0 0

Note. This typology was constructed from the open-ended frequency measure for the ani-
mates: Creation frequency—Evolution frequency (see Fig. 1).
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TABLE 3
Animate Origins: A Typology of Evolutionist and Creationist Beliefs (Agreement) among
Elementary School Children (Young, 5-7 Years;, Middle, 8-10 Years; Older, 11-13 Years)
and Adults from Nonfundamentalist and Fundamentalist School Communities (Percentage of
Group)

Age group
Typology Young Middle Older Adult

Nonfundamentalist school community

(1) Evolution/No creation 0 0 21 27

(2) Evolution and creation 20 17 28 25

(3) Creation/No evolution 76 79 48 48

(4) Neither 4 4 3 0
Fundamentalist school community

(1) Evolution/No creation 0 0 0 2

(2) Evolution and creation 8 9 7 8

(3) Creation/No evolution 92 91 93 20

(4) Neither 0 0 0 0

Note. This typology was constructed from the closed-ended origins agreement measure for
the animates: Creation agreement—Evolution agreement (see Fig. 2).

Animates. Two composite measures of belief consistency (evolution-to-
creation) were constructed by combining the evolution and creation re-
sponses for the animates. The first measure was based on the frequency scale
(0-3) from the open-ended questions (see Table 2) and the second measure
on the agreement scale (1-4) from the closed-ended questions (see Table

TABLE 4
Artifact Origins: A Typology of the Artificialist and Creationist Beliefs among Elementary
School Children (Young, 57 Years, Middle, 8-10 Years; Older, 11-13 Years) and Adults
from Nonfundamentalist and Fundamentalist School Communities (Percentage of Group)

Age group
Typology Young Middle Older Adult

Nonfundamentalist school community

(1) Artificialism/No creation 20 45 72 89

(2) Artificialism and creation 56 41 25 7

(3) Creation/No Artificialism 16 14 0 2

(4) Neither 8 0 3 2
Fundamentalist school community

(1) Artificialism/No creation 61 47 73 85

(2) Artificialism and creation 23 44 27 9

(3) Creation/No Artificiaism 3 3 0 4

(4) Neither 13 6 0 2

Note. This typology was constructed from the closed-ended origins agreement measure for
the artifacts: Creation agreement—Artificialism (human-made) agreement (see Fig. 3).
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TABLE S5
Inanimate Origins: A Typology of Spontaneous Generationist and Creationist Beliefsamong
Elementary School Children (Young, 5-7 Years; Middle, 8-10 Years; Older, 11-13 Years)
and Adults from Nonfundamentalist and Fundamentalist School Communities (Percentage of
Group)

Age group
Typology Young Middle Older Adult

Nonfundamentalist school community

(1) Spontaneous generation/No creation 8 21 48 30

(2) Spontaneous generation and creation 52 34 28 27

(3) Creation/No spontaneous generation 28 28 17 23

(4) Neither 12 17 7 20
Fundamentalist school community

(1) Spontaneous generation/No creation 5 6 7 4

(2) Spontaneous generation and creation 29 39 30 21

(3) Creation/No spontaneous generation 53 a4 60 66

(4) Neither 13 11 3 9

Note. This typology was constructed from the closed-ended origins agreement measure for
the inanimates: Creation agreement—Spontaneous Generation agreement (see Fig. 4).

3). In both cases, the evolution responses (Evolution Frequency or Evolution
Agreement) were subtracted from the creation responses (Creation Fre-
quency or Creation Agreement). In the resulting composite measures of be-
lief consistency (evolutionist-to-creationist; range, —3 to +3), higher posi-
tive scores indicate more consistent creationism, lower negative scores more
consistent evolutionism, with intermediate scores indicating some type of
mixed beliefs. Based on these consistency measures (and the original data)
typologies were then created in which participants were divided into four
groups: pure evolution (no creation), mixed evolution and creation, pure cre-
ation (no evolution), and neither evolution nor creation. As the agreement
scale spanned a range from (1) strongly disagree to (4) strongly agree, the
following criteria were used to construct the ‘‘agreement’’ typology: (1)
Evolution (>2.5), No Creation (=2.5); (2) Evolution and Creation (=2.5
for both); (3) Creation (>2.5), No Evolution (=2.5). If participants did not
agree with either explanation (=2.5 for both explanations, where 2.5 = nei-
ther agree nor disagree) they were placed in a‘‘neither’’ category. The per-
centage of participants falling into each of these groups in the two communi-
tiesis presented by age group in Table 2, for the frequency measure, and in
Table 3, for the agreement measure. As spontaneous generation was rarely
endorsed in the closed-ended animate measures it was not included in these
analyses (but see Evans, 20003).

In the open-ended frequency measure participants had to construct rather
than recognize explanations, which was presumably a more difficult task
than the closed-ended agreement measure where ‘‘reminders”’ were given.



DIVERSE BELIEF SYSTEMS 241

The typologies presented in Tables 2 and 3 demonstrate that in both school
communities more participants exhibited mixed beliefs with the open-ended
frequency measure. With the closed-ended agreement measure, pure crea-
tionism was endorsed more strongly by all groups of participants. Moreover,
young nonfundamentalist children readily endorsed creationist (but not evo-
lutionist) explanations with the agreement measure even though many of
them (22%) failed to generate such a response with the open-ended ques-
tions. When creationist explanations were suggested, as in the closed-ended
agreement measures, it appears that natural explanations, such as spontane-
ous generation and evolution, were seen as less viable and suppressed, at
least with these populations.

Artifacts. A similar measure of belief consistency (artificialist-to-
creationist) was constructed for artifact origins from the origins-agreement
measure (see Table 4). Unlike the results for the animates and inanimates,
the profiles of the three older age groups in both communities were very
similar. With the exception of the young nonfundamentalists, a majority of
each group endorsed a pure artificialist explanation for artifact origins.
Y oung nonfundamentalist children, though, were more likely than their fun-
damentalist counterpartsto conflate the power of God and that of the human;
God, on this analysis, appeared to be treated as just another human.

In general, the percentage of pure artificialist responses increased steadily
by age group, but the middle age group from the fundamentalist community
provided an interesting exception. In comparison with the other fundamental -
ist age groups, they were morelikely to endorse mixed artificialist/creationist
explanations and less likely to endorse pure artificialism. This finding isin
line with earlier analyses demonstrating the preferential use of creation for
human origins by the middle age group (but not younger children). Together
these results suggest that, unlike their younger siblings, children from the
middle age groups may be confronting the issue of final cause, which ad-
dresses the question of why something might come into existence in the first
place. Having recently come to the conclusion that God creates al animates
(including the human) and that humans create artifacts, children from the
middle age group could be struggling with the question of whether God cre-
ated artifacts via human agency; therefore, both artificialism and creationism
are valid. In effect, the overall pattern of developmental change suggests a
U-shaped curve, with older participants and younger fundamentalists both
distinguishing between the powers of God and of the human, but for different
reasons. Although the younger fundamentalists appear to be precocious in
their use of creation and artificialism, their accomplishment is unlikely to
reflect a mature understanding of final cause.

Inanimates. For inanimate origins, atypology of belief consistency (spon-
taneous generation-to-creation) was constructed from the origins-agreement
measure and is presented in Table 5. Comparison of the percentage of par-
ticipants endorsing creationist and natural explanations for inanimate
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(spontaneous generation; see Table 5) and animate origins (evolution; see
Table 3) yields several interesting findings. The spontaneous generation ex-
emplar, ‘‘came out of the ground,”” was more likely to appeal as a pure
natural explanation for inanimate origins, than the natural explanation, evolu-
tion, did for animate origins, especialy for the older nonfundamentalists.
Additionally, the percentage of pure creationist explanations is greater for
the animate than for the inanimate entities for each age group in both commu-
nities.

Summary. These findingsraise intriguing issues as to why creation appears
to be a more compelling explanation for animate than for inanimate origins.
Asmany have suggested, the very complexity of animatesand their teleol ogi-
cal entailments might invoke a teleo-intentional explanation (e.g., Dawkins,
1987). Relatedly, the natural explanation for animate origins, evolution,
seems to be particularly unappealing with its counterintuitive emphasis on
species change. On the other hand, the natural explanation for inanimate
origins, spontaneous generation, appears to have considerable intuitive ap-
peal for many participants.

Regarding the issue of explanatory coherence, these results indicate that
coherent belief systems were evidenced to a greater degree in the fundamen-
talist communities. Mixed beliefs were less prevalent in the fundamentalist
than in the nonfundamentalist communities, especialy for animate entities.
Moreover, amagjority of fundamentalists exhibited coherent belief structures
with God, alone, being responsible for the origins of both natural kinds,
animate and inanimate, and humans, alone, being responsible for the origins
of artifacts.

It could be argued, though, that the mixed beliefs of some nonfundamen-
talists might well reflect coherent belief systems. As described earlier, some
participants, in particular nonfundamentalist adults, endorsed evolution for
nonhuman species while reserving creation for human origins. However, if
a majority of nonfundamentalist adults had proposed such a solution then
the score for evolution should be higher than that for creation in most of the
mixed belief cases, given that in this study the proportion of nonhuman spe-
cies exemplars to human exemplars was 2: 1. Y et on the agreement measure
(see Table 3) only 36% of the mixed belief cases showed this pattern. Further,
theistic evolution, which is a coherent framework in which God plays a more
distal role as the originator of an evolutionary process, could well have been
endorsed by many of the nonfundamentalists. However, athough theistic
evolutionists might have expressed mixed beliefs in the open-ended (fre-
guency) measure, they would be unlikely to have endorsed the patently bibli-
cal literalist *‘ creationist’”’ exemplars in the closed-ended (agreement) mea-
sures. Nonetheless, differences between measures indicate a decrease in
mixed beliefs and an increase in pure creationism from the frequency to the
agreement measures. Thisis the opposite of what would have been predicted
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if coherent theistic evolutionists had made up a significant proportion of the
nonfundamentalist population.

Consistency of Parent Belief, Markers of the Custom Complex,
and Children’s Beliefs

The subsequent analyses focus on individual belief and the relationship
between the consistency of parents' beliefs, various markers of the custom
complex, and children’s beliefs. Given that children in the two school com-
munities differed on their putative beliefs about origins and related issues
but not in terms of parental educational level and general interests, they were
combined into one pool. The measure of parent belief-consistency is based
on the closed-ended animate agreement score, described above. This particu-
lar measure is used as an indicator of parent beliefs for two reasons. more
parents completed the closed-ended measure than the open-ended one, and
it forced parents to explicitly consider every explanation for animate origins.
It isworth noting that results using closed-ended measures were very similar
to those based on the open-ended data. Thirty-nine children were excluded
from these analyses asthey did not have complete parent data. The remaining
child sample (n = 147) included 52 from the young age group (23 nonfunda-
mentalist community; 29 fundamentalist), 51 from the middle age group (27
nonfundamentalist community; 24 fundamentalist), and 44 from the older
age group (28 nonfundamentalist community; 16 fundamentalist).

To examine the thesis that consistency of parent beliefs influences the
kind of environment provided for children, zero-order correlations between
parent evolutionist-to-creationist consistency beliefs, children’s beliefs, and
the various markers of the custom complex described in the last section (see
Table 1) were calculated (see Table 6). A measure of church type was also
included, since this is a crude marker of the degree to which biblical liter-
alism may have been encountered in a church setting (1, no church; 2, non-
fundamentalist church; 3, fundamentalist church); school type was included
as a dichotomous variable (1, nonfundamentalist school; 2, fundamentalist
school).

Summary. Consistency of parent beliefs was related to most of the other
variables in a predictable manner; for al measures the higher a score the
more the environment was saturated with creation beliefs, and vice versafor
evolution (see Table 6). The consistency of parent evolutionist-to-creationist
beliefs correlated positively with both measures of children’s creationist be-
liefs and negatively with both measures of children’s evolutionist beliefs.
Moreover, parent beliefs correlated positively with children’ s religiousinter-
est and likelihood of attending afundamentalist school and church, but nega-
tively with children’s fossil expertise. Interestingly, parent beliefs were not
related to children’ sfossil interest or dynamic adaptation endorsement. How-
ever, children’s age correlated positively with children’s fossil interest and
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negatively with dynamic adaptation endorsement. Additionally, dynamic ad-
aptation correlated negatively with both measures of child creationist beliefs
and the likelihood of attending a fundamentalist school or church. On the
other hand, dynamic adaptation was positively related to both measures of
child evolutionist beliefs.

Developmental Change in the Relationship Between Parent Belief,
the Custom Complex, and Children’s Beliefs

If cognitive and cultural factors play an interactive role in the expression
of beliefs about origins then one might predict that these factors have differ-
ential impact depending on the targeted age group. Astheir knowledge struc-
tures mature children’ s capacity to respond to social and environmental infor-
mation will aso change. In the next analyses the developmental patterns
underlying the relationships described in the last section are clarified. Repli-
cating and extending earlier work (Evans, 2000a), the most striking finding
is that parent beliefs do not contribute directly and independently to the ex-
pression of child beliefs until children are early adolescents (10-12 years).
Thisresult is now found on both the open-ended and the closed-ended mea-
sures. Furthermore, a more detailed exploration of the effects of the culture
complex now reveals subtle age-related effects, especialy on the closed-
ended measures, with parents exercising indirect influence via the environ-
ments they select for their younger children.

The above ANOVAs have demonstrated that children in different age
groups differentially endorsed the various origins explanations. |n the current
analyses, aseries of simultaneous multiple regressionsis carried out to assess
whether variables correlated with children’s evolution and creation agree-
ment scores (consistency of parent beliefs, fossil expertise, dynamic adapta-
tion, religious interest, and school-type, see Table 6) impacted differentially
on each age group. (Church-type was not included as this information was
not available for all participants and religiousinterest and school type picked
up most of the associated variance.) The closed-ended agreement measures
are the focus of these analyses and they are summarized in Tables 7 and 8;
in the following text, however, the open-ended frequency measures will be
brought in as reference marks. (To save space, only results for the animates
and artifacts will be reported.) Of particular theoretical interest is the inde-
pendent contribution of each variable (partialing out the effects of the other
variables), as indicated by the standardized regression coefficients ([3s).

Animates: Evolutionary origins. For each age group, consistency of parent
beliefs, fossil expertise, dynamic adaptation, religious interest, and school-
type were simultaneously regressed on children’s evolution agreement
scores. Although in each age group a significant portion of the variance was
explained by the joint effects of these variables, the profile differed by age
group (see Table 7). Notably, only in the oldest age group did parent beliefs
contribute independently to the children’s evolution agreement scores; in
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TABLE 7
Animates—Evolutionist Origins: Multiple Regressions on Child
Evolution Agreement Scores for Three Elementary-School Age
Groups (Standardized Regression Coefficients)

Age group (B)

Predictors Young  Middle Older
Consistency of parent beliefs .04 —-.16 —.58***
Child's fossil expertise .30* .28* .09
Child’s dynamic adaptation score .25 A40** 30%*
Child's religious interests .08 =11 -.07
School type (NF to F) -.25 .04 -.07
R? 30*%* 36** J1x**
Note. See Table 6.
*p < .05.
** p < .01
*** p < .001.

this age group 71% of the variance in children’s scores was explained, with
children’ s dynamic adaptation scores (3 = .30) and parent beliefs (B = —.58)
making significant independent contributions. For the two younger age
groups, children’s fossil expertise (Bs = .28—.30) and, in the middle age
group, their dynamic adaptation scores (B = .40) made significant indepen-
dent contributions to children’s evolution agreement scores.

The same variables were simultaneously regressed on children’s evolution
frequency scores separately for each age group. Essentially the same pattern

TABLE 8
Animates—Creationist Origins: Multiple Regressions on Child
Creation Agreement Scores for Three Elementary-School Age Groups
(Standardized Regression Coefficients)

Age group (B)

Predictors Young  Middle Older
Consistency of parent beliefs .06 24 .25
Child’s fossil expertise A5 .10 —.24
Child’'s dynamic adaptation score  —.17 -.02 -.13
Child's religious interests -.03 .39*%* .24
School type (NF to F) A45%*%  —.02 A4
R? 24* 27 ATxx*
Note. See Table 6.
*p < .05.
** p < .01

%% p < 001
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emerged for the old age group: 67% of the variance was explained (p <
.0001), with parent beliefs (B = —.40; p < .004), child fossil expertise (B =
.24; p < .04), and dynamic adaptation scores ( = .30; p < .005), making
significant independent contributions. For the middle age group the overall
regression was not significant, but there was atrend for the young age group
(R? = .19; p < .07).

Animates. Creationist origins. Next, for each age group, consistency of
parent beliefs, fossil expertise, dynamic adaptation, religious interest, and
school-type were simultaneously regressed on children’ s creation agreement
scores (see Table 8). For the young age group, school-type (B = .45) made a
significant independent contribution to children’s creation agreement scores,
whereas for the middle age group only the child’s religious interest had an
independent effect (B = .39). Interestingly, athough all the variables jointly
accounted for 47% of the variance in the older age group’s scores, none
made a significant independent contribution. However, school-type appears
to have masked the effects of the other variables; when it was removed from
the regression, the overall variance explained decreased minimally to 46%
but parent beliefs (B = —.31; p < .05), and child religious interest (B =
.29; p < .03) now made significant independent contributions.

When the same variables were simultaneously regressed on children’scre-
ation frequency scores for each age group, school type again made a signifi-
cant independent contribution to the scores of the young age group (R? =
.34; p < .0002), but the overall regression was not significant for the middle
age group. For the older age group, 76% of the overall variance was ex-
plained with all variables in place (p < .0001); significant independent con-
tributions were made by school-type (B = 23; p < .04), parent beliefs (f =
45; p < .0003), and child fossil expertise (B = —.27; p < .007). Only after
removing school-type from the equation did child religious interests (B =
18; p < .05) make a significant independent contribution.

Animates. Spontaneous generation origins. Again, for each age group,
consistency of parent beliefs, fossil expertise, dynamic adaptation, religious
interest, and school-type were simultaneously regressed on children’s spon-
taneous generation agreement scores. There was a significant overall re-
gression coefficient only for the young age group, R? = .49 (R = .70); F(5,
51) = 8.8, p < .0001 (Adjusted R? = .43), with dynamic adaptation making
asignificant independent contribution ( = .63, p < .0001). Similar analyses
on children’ s spontaneous generation frequency scoresrevealed only atrend,
and only for the young age group (R? = .20; p < .07), with school-type
making a significant independent contribution (B = —.34, p < .05). Young
children who attend fundamentalist schools were less likely to endorse these
ideas, whereas children who are attracted to naturalistic explanations (e.g.,
dynamic adaptation) were more likely to endorse spontaneous generation
explanations.
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Artifacts: Creationist origins. The same regressions were carried out for
the creation agreement scoresfor the artifactsand asignificant overall regres-
sion was obtained only for the young age group, R?> = .28 (R = .53); F(5,
51) = 3.5, p < .009 (Adjusted R? = .20); significant standardized regression
coefficients were obtained for school-type (B = —.39, p = .02) and dynamic
adaptation (B = .34, p < .02). Note that school type contributed negatively
to this equation, indicating that children in fundamentalist schools were un-
likely to agree that artifacts were made by God. Given that none of the in-
cluded variables significantly predicted the creation agreement scores of chil-
dren from the middle age group, these results provide further evidence for
the difference between the creationism of the young age groups and that of
the middle age groups, as outlined in the above analyses.

If the younger children’s partial conflation of artificialism and creationism
was any indication that they were not yet attuned to final cause (creationist)
arguments, as argued earlier, then it should follow that the higher their cre-
ation agreement score for artifacts the more likely they would be to endorse
proximate cause arguments for animate origins (spontaneous generation) and
the less likely they would be to endorse final cause arguments (creation).
Correlations between the creation agreement scores for artifacts (for the
young group only) and the relevant variables provide some evidence that
this was the case: Creation agreement for artifacts and (1) spontaneous gen-
eration agreement for animates (r = .27; p < .04); (2) spontaneous genera-
tion frequency for animates (r = .32; p < .02); (3) creation agreement for
animates (ns); (4) creation frequency for animates (r = —.32; p < .02). In
the case of animates, the significant relationship for the creation-frequency
measure and not for the creation-agreement measure probably indicates that
the former was a more stringent test of children’s understanding of creation-
ism than the latter.

Relations between predictors. The preceding analyses give the overall im-
pression that parent beliefs directly impacted child beliefs only in the case
of the older elementary school children. However, although the effect was
not direct, the environment provided by parents did appear to influence
younger children’s beliefs as well. Simultaneous regressions for each age
group were computed with three environmental measures (school-type,
church-type, and the consistency of parent beliefs) and the child knowledge
and interest measures (fossil expertise, dynamic adaptation, religious inter-
est), as predictors on each of the latter child knowledge and interest mea-
sures.

Dynamic adaptation was significantly predicted in the middle age group
only (R? = .46; p < .0001), with school type (B = —.29, p = .04), church
type (B = —.66, p = .0001), and fossil expertise (B = .26, p < .03), as
significant independent predictors. For fossil expertise, the overall regres-
sions were significant in both the young and the old age groups (R’s = .29
to .31; p's < .02); in the young age group, school-type (B = —.38, p =
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.03) was the most significant independent predictor, whereas in the old age
group, parent belief-consistency (B = —.42, p = .02) wasthe only significant
independent predictor. For religiousinterest, at all ages there were significant
overall regressions (R?s = .35t0.38; p's < .002), with school and/or church-
type (B's = —.3710.58; p's < .02) contributing independently to the overal
score of the two younger groups.

Although children who endorsed dynamic adaptation were more likely to
be younger and to go to nonfundamentalist schools and churches, the idea of
dynamic adaptation was not one that was likely to receive direct community
support, unlike fossil expertise and religious interest (note the lack of acorre-
lation between dynamic adaptation and parent beliefs in Table 6). Dynamic
adaptation appears to be an idea that was constructed by children in a (non-
fundamentalist) environment that facilitated, or at least failed to inhibit, natu-
ralistic explanations involving change. Unbiased observers of the natural
world are sure to be beguiled by the abundant evidence of change in nature
from metamorphosis to adaptation, and analyses above have indicated that
nonfundamentalist parents were more likely than fundamentalist parents to
encourage such naturalistic interests (see Table 1).

Summary. The endorsement of evolutionary ideas for animate origins by
children in early adolescence waslargely afunction of their dynamic adapta-
tionist beliefs and fossil expertise, along with the consistency of their par-
ents' beliefs about evolution, which together explained around 70% of the
variance in preadolescents’ beliefs. For their younger siblings in the early
and middle elementary school years, however, parent beliefs exerted no inde-
pendent effect, and fossil expertise and dynamic adaptationist beliefs made
the most significant contribution. It would be a mistake to assume, however,
that the latter variables functioned independently of parental beliefs, for chil-
dren from fundamentalist homes and schools were less likely to be as knowl-
edgeable about fossils or endorse the idea that acquired features could be
inherited (dynamic adaptation). What appeared to be happening was that not
until early adolescence were children ready to abandon creationist theories
of origins and adopt a naturalistic explanation that violated their strongly
held beliefs in the immutability of species. Parental beliefsin evolution pre-
sumably fostered this shift both directly, by explicitly endorsing evolution
and exposing children to the evidence for evolution, such as fossils, as well
as indirectly, by promoting naturalistic interests in general.

For creationist beliefs, the overall picture was somewhat similar, though
in this case, attendance at a Christian fundamentalist school now played a
critical role. Among the oldest children, depending on the measure, from
47% (agreement) to 67% (frequency) of the variance in the expression of
creationist beliefs could be explained. This large difference between mea-
sures is another sign that the open-ended frequency measure was a more
stringent indicator of a coherent creationism, whereas the closed-ended
agreement measure encouraged the ad hoc espousal of creationist beliefs.
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The consistency of parent beliefs about creation and, depending on the mea-
sure, children’sreligious interest, contributed positively to the expression of
creationist beliefs in preadolescents, whereas fossil expertise appeared to
exert a negative influence. Among the two younger age groups, interest in
religion contributed positively to the scores of the middle age group, whereas
attendance at a fundamentalist school contributed positively to the youngest
children’s creation scores. That there was an effect of children’s religious
interest over and above that of parent belief system, suggests that, as for
evolutionary ideas, child-driven values and interests played a role in the ex-
pression and coherence of these belief systems, especially in older children.

For the expression of spontaneous generationist beliefs, not surprisingly,
few measures of the custom complex proved to be valid indicators. For both
animate and inanimate origins, depending on the age group, fundamentalist
schooling apparently inhibited the expression of spontaneous generationist
explanations, which were most likely to be endorsed by young children who
were already predisposed toward the kind of naturalistic argument found in
dynamic adaptation.

Artificialism: A Source Analog for Creationism?

Previously it was proposed that artificialism might be a source analog for
creationism. Although these studies did not specifically addressthis proposal,
further analyses of the relationship between these two constructs do provide
support: these constructs are significantly correlated even when the effects
of other critical variables are partialed out of the equation. At a minimum,
if one construct is an analog of the other then the two constructs should be
related; if they are not related then they can hardly be analogs. Further, it
isargued that initially a source analog and its target are likely to be conflated
and that they become gradually disassociated as more components of the
source (such asfeatures, structural relations, etc.) are mapped on to thetarget.
Over time the target and source should become increasingly distinct and
coherent structures. This hypothesisis addressed in a developmental frame-
work by constructing measures of coherent artificialism and creationism and
assessing their relationship, while partialing out the effects of other variables
that could account for this relationship.

Composite measures of coherence were constructed for artificialism and
creationism by combining responses for the animates, inanimates, and arti-
facts for each construct in turn, using the agreement measure. Coherence
was operationalized as agreement with the following propositions. (1) Arti-
ficiaism: humans made the very first artifacts; humans did not make the
very first animates or inanimates. (2) Creationism: God made the very first
animates and inanimates; God did not makethe very first artifacts. The higher
the score on each construct (possible range, —3 to 3), the more likely the
participant was to agree with each proposition.

Data from children (n = 103) in only the two younger age groups (5.3—
10.3 years) were combined and used in these analyses because it is in these
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age groups that a coherent creationism appeared to be emerging. Coherent
artificialism, age, school-type, and parent belief-consistency, were simulta-
neously regressed on children’s coherent creationism scores. There was a
significant overall regression coefficient, R> = .44 (R = .66); F(4, 98) =
19.1; p < .0001 (Adjusted R? = .42), with coherent artificialism (B = .49,
p < .0001) and school-type (B = .34, p < .001) making significant indepen-
dent contributions. In the next analysis, coherent creationism, age, school-
type, and parent belief-consistency, were simultaneously regressed on chil-
dren’s coherent artificialism scores. Again, there was a significant overall
regression coefficient, R> = .35 (R = .59); F(4, 98) = 13.1, p < .0001
(Adjusted R? = .32), and, in this case, coherent creationism (B = .56, p <
.0001), age (B = .19, p < .03), and parent belief-consistency (B = —.19, p
< .05) made significant independent contributions. Notably a child’'s age
only contributed independent variance to the latter equation, indicating that
the apparent effect of age (increasingly coherent creationism over time) was
explained by the other variables.

Summary. Children who had a coherent understanding of the powers of
God were aso likely to have a coherent understand of the limitations of
human capabilities; conversely, children who were confused about God's
capabilities were also confused about human capabilities. The positive rela-
tionship between artificialism and creationism held true even when other
related variables such as age and exposure to creationist beliefs, at home
or at school, were partialed out of the equation (though these variables did
contribute additional variance). Of course the direction of the effect is not
clear from these data, but the significant relationship between artificialism
and creationism does provide some support for the proposition that one may
be an analog of the other.

This analysis further suggests that an analogical mapping between target
and source may have bidirectional effects. In the process of differentiating
from its source, the target concept may serve to further specify the nature
of the source concept. For example, what might begin as a somewhat in-
choate limited artificialism, with God as merely ancther human sharing a
human’s creative responsibilities, is later differentiated into two daughter
concepts, coherent artificialism and coherent creationism. Exposure to cre-
ationist beliefs seemsto promote this change. Initially, however, theideathat
‘*God-makes-animals'’ appears to be loosely associated with the artificialist
structure, almost as an ad hoc belief. Further studies involving preschoolers
and additional related variables are needed to clarify the nature and direction
of the effect.

GENERAL DISCUSSION

Why does it appear as if ‘‘the human brain is specifically designed to
misunderstand Darwinism . . .7’ (Dawkins, 1987). On the surface, at least,
Darwinian concepts seem simple and easy to grasp; their complexities are
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revealed only with more detailed scrutiny (Mayr, 1991). Dawkins (1995)
claimsthat the reason adults subscribe to creationist explanationsis that they
have not yet put away ‘‘childish things,”’ that, like young children, they are
‘“‘gullible. .. credulous, . . . and faith-filled.”” Dawkins underestimates both
children and adults. Children are not sponges effortlessly absorbing all
knowledge, for if they did formal education would scarcely be necessary.
They are selective constructivists, rapidly assimilating ideas to the extent
that they are congruent with existing knowledge structures, and rejecting
others that do not fit in (Piaget, 1929). Dawkins' polemic ignores the most
interesting feature of this debate: Why are creationist ideas so much more
attractive than evolutionist ideas, at least in these communities? The an-
swer is not that adults are like children, even though there are obvious
continuities. Asthis study demonstrates, both children and adults are suscep-
tible to creationist explanations, but adult creationism is more likely to be
embedded in a complex knowledge structure. Children’s earliest creationist
explanations may simply reflect a ‘‘transfer of expectations’ (Boyer &
Walker, 2000) from an intuitive ontology, a naive theory of mind (see Evans,
2000b).

In this study, cognitive and contextual factors appeared to play an interac-
tive role in the dissemination of beliefs about the origins of species, sug-
gesting a ‘‘ constructive interactionism’’ (Wozniak & Fischer, 1993). Early
adolescents (11 to 13 years), like their parents, embraced the dominant be-
liefs of their community, be they creationist or evolutionist. Their younger
siblings, especialy those in the middle elementary school years (8 to 10
years) were more apt to be exclusively creationist, whatever their community
of origin. Early elementary school children (5 to 7 years) endorsed creation-
ism more strongly if they had been to a fundamentalist school or if they
were reminded of creationist explanations, as in the forced-choice measures.
Otherwise, they were likely to endorse mixed spontaneous generationist and
creationist beliefs (see aso Evans, 2000a). Interestingly, even when inter-
viewers suggested evolutionary explanations, as in the forced-choice mea-
sures, children in the early to mid elementary school years still resisted such
ideas.

Theseresultsindicate that in comparison with the two naturalistic explana-
tions, creationist ideas are, indeed, far more contagious (Sperber, 1996), at
least in these communities. An environment imbued with creationism, asin
Christian fundamentalist school communities, or even in the case of inter-
viewer suggestion, markedly increases the frequency of creationist responses
in al age groups on all measures. In effect such environments serve to sup-
press or, at least, fail to facilitate, natural explanations, such as spontaneous
generation or evolution. Why isthe human mind (at |east, the Western protes-
tant mind) so susceptible to creationism and so comparatively resistant to
naturalistic explanationsfor the origins of species? A more detailed examina-
tion of these data reveals that this susceptibility is a function of several fac-
tors, cognitive and contextual; there is no single explanation.
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Cognitive Constraints

The primary argument presented here is that the two staples of Western
philosophical thinking, essentialism and final-cause or teleological reason-
ing, emerge from intuitive propensities of the human mind. Moreover, it is
suggested that when these basic modes of construa (Keil, 1994) are reified
in public representations such as in Western religious or philosophical tradi-
tions, they then serve to inhibit the expression of natural explanations for
the origins of species.

There isincreasing evidence to support the idea that the inferential reason-
ing capacities of the developing mind are constrained by at least three intu-
itive modes of construal: essentialism, teleology, and intention (see Atran,
1990; Carey, 1985; Gelman et a., 1994; Keil, 1994; Wellman, 1990; Well-
man & Gelman, 1997). As noted in the earlier discussion of Lamarckian
ideas, teleology and intentionality are potentially dissociable although they
are often conflated in the literature (see also Kelemen, 19994, b). Moreover,
elementary school children have been shown to differentially endorse the
three modes when explaining the diverse behaviors of a range of biological
kinds (Poling & Evans, in press). In the final cause reasoning of the cre-
ationist, however, teleology and intention are linked (God's purpose) and
used to explain the presence of previously nonexistent entities. Historically,
according to Mayr (1982), if it had not been for the paralyzing effect of
monotheistic creationism, spontaneous generation might have been the im-
mediate precursor to evolutionary thinking, for, like evolution, it evokes nat-
uralistic and nonteleological reasoning. The evidence presented in this study
from both communities suggests that essentialism, in a specific guise, may
well be an impediment to the expression of evolutionary ideas; on the other
hand, the final-cause reasoning evident in a creationist account of origins
might, under some circumstances, act as a catalyst for the ultimate-cause
reasoning evident in evolutionary ideas.

Essentialism. Theideathat species are inherently immutable was hypothe-
sized to be a crucial factor in the attractiveness of creationist ideas and the
resistance to evolutionary ideas for al children in their early-to-mid elemen-
tary school years, and for both children and adults from Christian fundamen-
talist communities. With creationism the essentialistic beliefs of the early
elementary school years (see Gelman et al., 1994; Gelman & Hirschfeld,
1999) are not only maintained, they are deified, at least in these Christian
fundamentalist contexts.

Moreover, Mayr (1982) has proposed that an essentialistic philosophy,
with its insistence on the unchanging essence or eide of each and every spe-
cies, was one of the key historical factors preventing the adoption of evolu-
tionary explanations (but see Atran, 1990, for an alternative view). Up to
Darwin’s time, philosophers ‘‘ considered species as natural kinds,”’ separa-
bleby ‘‘bridgeless gaps’ (Mayr, 1991, p. 41). Although commensurate with
the idea that each species was specially created by God, such beliefs were
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clearly incommensurate with the idea that a species might change through
adaptive processes. At a minimum such essentialistic ideas had to be chal-
lenged before evolutionary ideas could emerge. For Lamarck, it was the fos-
sil evidence that opened his eyesto theideathat ** efforts to satisfy individual
needs’ might lead to the gradual transformation of one life-form to another
(Mayr, 1982). Similarly, Darwin’s work among the diverse species of the
Galapagos | slands fueled his thesisthat nature functions as a selection device
operating on the variation apparent in any population to produce new species
(Mayr, 1982).

Nevertheless, some have argued that essentialistic constraints are never
overcome; instead, what is granted essential causal power is transformed
with the acceptance of evolution (e.g., Evans, 2000a; Gould, 1992; Korn-
blith, 1993). Such aview is more in keeping with Atran’s (1990) contention
that historically a strict version of essentialism was rare among naturalists
(p. 84). By attempting to identify those DNA sequences that historically
define a species even modern geneticists appear to be susceptible to essen-
tialism. However, this apparent paradox could be resolved by distinguishing
between explicit philosophical or religious beliefs in the immutable essence
of manifest natural kinds (see Hirschfeld, 1996), which was overthrown by
evolutionary ideas, versus psychological essentialism (Medin & Ortony,
1989), an implicit and basic mode of construal that even contemporary biolo-
gists appear to endorse. Y oung children are likely to endorse the latter (Gel-
man & Hirschfeld, 1999).

In the present study, a further piece of evidence for the crucial role of
essentialism in the expression of creationist belief is the resistance to ideas
about the inheritance of acquired features (dynamic adaptation) among chil-
dren in fundamentalist communities. Unlike evolutionary explanations, dy-
namic adaptation merely suggests that the individual animals acquire new
features in response to environmental pressures and that these features are
then exhibited in their offspring; it does not address species change. Nonethe-
less, comments by Christian fundamentalist children implied that such state-
ments were regarded with suspicion: ‘*God made it that way, so it can't
change,’”’” was one 11-year old’'s rejoinder when asked if an animal could
get a long neck from stretching to reach high vegetation (Evans, 2000b).
This kind of response indicates that in communities where essentialism is
deified, a coherent creationist will reject even the hint of abiological change.
The nonfundamentalist children, in contrast, were more open to the possibil-
ity of dynamic adaptation, even though the inheritance of acquired features
is scientifically incorrect.

Not surprisingly, and unlike children’s fossil knowledge, children’s en-
dorsement of dynamic adaptation was unrelated to the consistency of their
parents’ beliefs. However, particularly in the older groups, both fossil knowl-
edge and dynamic adaptation, independently of each other and of parent
beliefs, positively predicted children’s evolutionary beliefs and negatively
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predicted their creationist beliefs. This particular pattern of results indicates
that these two measures, fossil knowledge and dynamic adaptation, tap dif-
ferent knowledge structures, yet each of them contributes to the increased
expression of evolutionary explanations. Such results lend credence to the
proposal that exposure to evidence that animals can change allows children
to suspend their beliefs in the immutability of manifest species and shift
toward an evolutionary explanation, as it apparently did for Lamarck and
Darwin. However, although such evidence might be necessary, it is hardly
sufficient. A key corollary would be that children should not be blinded to
this evidence by a custom complex in which essentialism is not only reified
but also deified. In environments in which creationist beliefs are underdeter-
mined, children apparently construct their own evolutionary explanations us-
ing as analogies sources present in the natural context (Evans, 2000a; Ha-
tano & Inagaki, 1996; Samarapungavan & Wiers, 1997).

Children in the Christian fundamentalist schools had access to the same
science textbooks as the public-school children and they were also taught
about fossils and natural history but they were neither as interested in nor as
knowledgeable about fossils,® and they actively resisted any ideathat animals
could change. One 12-year old child reported, ‘‘ Sometimes the [school]
books say . . . this guy named Derwin or something has a theory, but the
teachers say the theories that disagree with the Bible are not true. Histheories
are about how some animals changed’’ (Evans, 2000b).

Final cause reasoning. Earlier it was proposed that the age-related shift
to the exclusive creationism of the middle elementary school years (8- to
10-year-olds) came about because children of this age were beginning to
contemplate existential themes such as those of existence and final cause.
Questions about the origins of ‘‘the very first X'’ would make little sense
to younger children who appear to believe in a static and unchanging world
in which species always existed. Once children realize that entities were
previously nonexistent theissue of origina designis raised and the necessity
for a final cause or teleological argument (Why are they here? What are
they for?) becomes apparent (Dennett, 1995; Kelemen, 19994, b). Children’s
mastery of the final cause argument of a creationist explanation may, in turn,
pave the way for their later acceptance of evolution. The evidence to support
this proposal in the present study is derived from two sources: the fate of
spontaneous generation explanations, and the nature of the creationism of
the 8- to 10-year-old nonfundamentalist children, which contrasts with that
of the younger and older age groups.

Creationist explanations for animate origins in this study seemed to drive

%t should be noted, however, that the measure of fossil knowledge used in this study would
beinvalid from the standpoint of creationist theory, according to which, for example, dinosaurs
and humans lived at the same time. Therefore children exposed to creationist theory would
be unlikely to obtain high scores on the measure of fossil knowledge.
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spontaneous generationist arguments underground. Spontaneous generation
was much less likely to be endorsed in fundamentalist communities, and
when creationism was suggested, asin the closed-ended questions, spontane-
ous generation was endorsed less frequently in nonfundamentalist communi-
ties as well. The reason for the overpowering effect of creationism in this
caseisunlikely to be the creationist compatibility with essentialism, as spon-
taneous generation arguments are also compatible with essentidistic beliefs.
Spontaneous generationist explanations, it is contended, yield proximate
cause arguments only, characterized by the use of immediately prior (sponta
neous appearance) or mechanistic causes (e.g., birth, growth) to explain the
origins of animate entities. Unlike creationism, such arguments do not ad-
dress the issue of how a particular living kind comes into being in the first
place. In this respect spontaneous generation fails as a final cause explana
tion* for the origins of species. Once children appreciate the existential nu-
ances of the origins question they appear to reject spontaneous generation
in favor of a creationist explanation.

Among nonfundamentalists, a consistent creationism was more likely to
be found in the middle elementary school years. Moreover, on most measures
of creationism, nonfundamentalist 8- to 10-year-olds were indistinguishable
from their fundamentalist counterparts. More revealingly, when asked about
the origins of artifacts, the younger nonfundamentalists (5—7 years) were
the most likely of all participants to endorse creationist explanations. These
findings are consistent with Piaget’ sthesis that when childreninitially invoke
God, they conflate God with human (1929; Evans, 2000a). However, chil-
dren are also capable of distinguishing between the powers of God and hu-
mans, in that they know that humans cannot make natural kinds (see also,
Gelman & Kremer, 1991; Petrovich, 1999), yet God can. The differences
between the two age groups suggest that the younger children have yet to
grasp the specia and purposeful nature of God's powers; in fact, their facile
espousal of creationist arguments seems merely to represent theinitial adop-
tion of an ad hoc belief (Keil, 1998). The increased sensitivity to the complex
nuances of a creationist argument by the middle nonfundamentalist age
group (8- to 10-year-olds) was evident on several measures. These findings
indicate that a coherent knowledge structure is emerging in which the exis-
tential question is grasped and God and humans have clearly differentiated
powers. More recent studies involving preschool and young elementary
school children lend further support to this line of reasoning (Evans & Gel-
man, 2001; Evans, Poling, & Mull, 2001).

4 Interestingly, animate and inanimate entities seem to be treated differently in this study,
with creationist arguments more likely to be applied to the former and spontaneous generation
to thelatter (at least by nonfundamentalists). It has long been suggested that there is something
about animate entities, their apparent design, that invites the artifact analogy; if something is
designed, there must be a designer (Dawkins, 1987).
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Summary. A crucial feature of the creationist worldview is that of fina
cause, specifically, God's purpose. In contrast, it has been argued that mod-
ern science does not make any claims about final causes as its activities
are limited to an investigation of the mechanisms underlying secondary or
proximate causes (Root-Bernstein, 1984; Shapin, 1996). Mayr (1985), how-
ever, disagrees, contending that unlike the physical sciences and indeed the
rest of biology, evolutionary biology is not concerned with proximate causes.
Ultimate causes are to evolutionists what final causes are to creationists: both
answer the question of why something came into existence in the first place.
Ultimate causes, however, should not evoke the teleological or purposeful
overtones of final causes, for they are purposeless teleonomic naturalistic
causes (Mayr, 1982, 1985).

Based on results from the present studies, the existence of two distinct
structures underlying an everyday biological understanding can be hypothe-
sized. The earliest structure isa proximate-cause biology, followed by alater-
emerging structure involving an ultimate-cause evolutionary biology. A
proximate-cause biology is consistent with an essentialistic belief in a static
and unchanging world, whereas an ultimate-cause biology acknowledgesthe
causal role of the environment in adaptive change. Thelatter is characterized,
initially, by the use of nonintentional but teleological explanations (e.g., the
inheritance of acquired features—adaptive change) and later by apparently
goal-directed (teleonomic) ultimate-cause explanations (Darwinian). Seen
in these particular communities is an apparent explanatory void in natural
explanations for species origins between proximate cause spontaneous gen-
eration explanations and ultimate cause evolutionary explanations; a teleo-
intentional creationist explanation seems to fills the gap. The most parsimo-
nious explanation for this void is that in these populations an evolutionary
biology gains explanatory power from a creationist explanation. In short,
before conceiving of a nonintentional biological purpose for biological ori-
gins, that is adaptive change, species origins are first conceptualized in terms
of the needs and purposes of an intentional being: God.

Contextual Constraints

It is important to note that the members of the two school communities
highlighted in this study, Christian fundamentalist and nonfundamentalist,
did not differ on a number of dimensions, such as the educational level of
the parents and children’s and parents’ interests in music and sports (for
example). The modal response of members of the communities did differ,
however, on several benchmark variables: religious interest, fossil expertise,
and beliefs in the inheritance of acquired features (dynamic adaptation),
which were a sample representing the broader custom complex. Moreover,
a measure of the consistency of parent beliefs, evolutionist-to-creationist,
appeared to be a valid indicator of the degree to which children’s environ-
ments were saturated with the core beliefs of the particular community. Nev-
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ertheless, it was only for those children in the oldest age group that the con-
sistency of parent beliefs proved to be adirect indicator of children’s beliefs.
The younger children endorsed creationist (or spontaneous generationist) be-
liefs regardless of the prevailing belief systems of their communities. None-
theless, parents did influence the expression of even their younger children’s
beliefs by restricting the range of environments to which children were ex-
posed.

A core element in a constructive interactionist position is the notion of
variability. Although traditional developmental research characterizes chil-
dren of specific ages as being in one or another stage of development, a
focused analysisis likely to reveal that children of the same age are amost
never uniform in their responses; often asingle child demonstrates variability
even when solving the same task twice (Siegler, 1996). Asisevident in this
study, custom complexes, too, vary in the degree to which they value and
shape different behaviors and beliefs (e.g., Gardner, 1995; Miller, 1997,
1999; Shweder et a., 1997). When the emphasis is placed on the average
response of a particular age group or cultural group this variability is neces-
sarily downplayed. However, the notion of variability is a key element in
explaining cognitive growth or change (Siegler, 1994; Thelen & Smith,
1994). Certain responses are more likely to be selected as appropriate adapta-
tionsto local conditions, thus initiating a change in overall response pattern.

This variation was exploited in this study with a focus on the factors re-
lated to the expression of individual belief. Such an approach challenges the
idea that custom complexes exhibit uniformity in their belief systems, even
when modal responses might differ between complexes (e.g., D’ Andrade,
1990). Asdescribed earlier, elementary school children have at their disposal
avariety of modes of construal that constrain their understanding of the natu-
ral and intentional worlds. By selecting a particular range of learning oppor-
tunities, the custom complex can restrain or expand the expression of these
intuitive explanatory modes. The sanctioning of interests in religion or of
natural history, for instance, augments these intuitive propensities, which
then undergird the emergence of more sophisticated capacities to engage in
religious or scientific dialogs concerning the origins of species.

Theoretical Implications: The Natural History of a Belief
(and Its Explanatory Coherence)

Though they may disagree about the mechanisms, researchers operating
at the interface between anthropology and psychology generally agree that
knowledge structures emerge from the interaction between social and cog-
nitive factors (e.g., Cole, 1996; Miller, 1999; Rogoff, 1990; Shore, 1996;
Shweder et al., 1997; Sperber, 1996; Strauss & Quinn, 1997). Analogical
reasoning in a metaphorical guise is embedded in the socia context in a
variety of narrative forms such as ritua, literature, art, and comedy (Holy-
o0ak & Thagard, 1995; Shore, 1996). This metaphorical mode of communica-
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tion potentially provides a powerful medium for the transmission of beliefs
as it is effective, generative, and indirect (Holyoak & Thagard, 1995). In
this paper, several analogies were proposed to help explain the source of
three different beliefs about the origins of species. The findings indicated
that those beliefs were transmitted to the extent that they were interpretable
by the receiver, as well as the degree to which they were instantiated and
interpreted by the custom complex (Sperber, 1996). A feature of this trans-
mission was that the original beliefs became transformed in the process,
mental representations of a belief were not isomorphic copies of their public
representations (Shore, 1996; Sperber, 1996; Strauss and Quinn, 1997).

In the case of the creation story, its public representation, as portrayed in
the Book of Genesis, differed quite dramatically from its representation in
the minds of individuals. For many of the youngest children, especially those
in the nonfundamentalist community, creationism in the form of ** God made
it"" seemed merely to be an ad hoc belief with little explanatory value. At
the other extreme, for many in the Christian fundamentalist community, crea-
tionism was a coherent belief structure in which animate entities were im-
bued with a God-given unchanging essence and purpose. Moreover, for the
coherent creationist, inanimate entities were also God-created, whereas arti-
facts were made only by humans.

Holyoak and Thagard (1995) argue that when a source analog is matched
to atarget a new schema is formed from the mapping between the two rela-
tional structures. As described earlier, such a mechanism could explain the
emergence of a creationist belief: In its source analogy, a naive intentional
psychology, humans are not ordinarily credited with the capacity to create
animals, thus a new schema is formed in which a supernatural human, God,
takes on that role. This alternative causal structure (Rosengren & Hickling,
2000) provides the basis for new inductive inferences. Such conjectures fit
into an emerging paradigm on the cognitive basis of religion in which it is
argued that everyday cognitive biases not only constrain the expression of
religious belief but are central to its pervasiveness (Barrett, 1998; Barrett &
Keil, 1996; Boyer, 1993; Lawson & McCauley, 1990)

The relationship between the expression of an evolutionary belief and spe-
cific kinds of natural history knowledge appears to be fixed, in part, by the
explanatory potential (Thagard, 1989) as well as the coherence of the associ-
ated natural history knowledge structure (see also Linn & Songer, 1993).
For example, a reasonably rigorous understanding of fossils and of adap-
tation entails not only the recognition of the pivotal role of environmen-
tal variation in biological change, called here dynamic adaptation (Evans,
2000b), but also the recognition that species are limited spatio-temporal enti-
ties. Such an understanding, it has been argued, is a necessary corollary of an
evolutionary belief. In contrast, creationists (and younger elementary school
children) are more likely to endorse static adaptation (Evans, 2000b), in
which biological features are viewed as fixed adaptations to unchanging envi-
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ronments. In both cases biological features are seen as functional, but only
for static adaptationists is that function compatible with derived essentialist
notions that manifest species are uniquely designed to fit specific environ-
ments.

Initialy, children from nonfundamentalist communities seemed respon-
sive to dynamic adaptationist ideas, but without linking this mechanism to
evolutionary change. However, among the older children both dynamic adap-
tation and fossil knowledge were positively associated with the expression
of evolutionist explanations (and negatively associated with creationism).
For some, of course, this pre-Darwinian (perhaps Lamarckian) version of
evolutionary origins segues into a Darwinian structure, which requires, at
minimum, a shift to population thinking (e.g., Mayr, 1984; Thagard, 1989).
Itisquite possible, however, that thereis more than one route to an evol ution-
ary explanation (see Evans, 2000a). Complex spontaneous generationist ex-
planations, such as those described earlier and those found in research with
Dutch school children (Samarapungavan & Wiers, 1997), may, in certain con-
texts, yield pre-Darwinian evolutionary explanations. Certainly, the sponta-
neous generationist response of the 10-year-old described in the I ntroduction,
suggests that he was on the verge of some type of evolutionary explanation.

Why is evolutionary change so difficult to contemplate, whereas intuitive
notions of breeding are comparatively so easy to grasp? The answer probably
lies in the extent to which variation is allowed in a kind. For creationists,
limited deviation from an ideal form, revealed, for instance, in the black and
white varieties of a particular kind of moth found in industrial England or
in developmental change, are thought to be part of God's plan (Morris &
Parker, 1982). Such deviations are perfectly compatible with essentialistic
beliefs in the immutability of kinds, provided they are confined to visible
commonsense species: *‘interbreeding morpho-geographic communities of
organisms’’ (Atran, 1990, p. 259). However, asistrue for breeding programs
with contemporary species, the boundaries between manifest kinds should
not be violated, for they are seen as bridgeless gaps (Mayr, 1991, p. 41).
The sterile mule is awarning of what might happen with such attempts. The
transformation of one essential kind into another is considered to be unnatu-
ral; indeed for creationists (or, for that matter, young children) it can be
accomplished only by a magician or artificer, such as Satan (Kehoe, 1995).
For an evolutionist, however, the commonsense understanding of species
boundaries is abandoned and replaced by a view of species as temporary
spatio-temporal constructs, with boundaries that can be transgressed (Atran,
1990). The current data attest to the difficulty of these ideas, for such cogni-
tive biases are not easily forsaken.

Between the ad hoc and coherent beliefs about the origins of species, there
were a variety of mixed beliefs. Several nonfundamentalists, in particular,
dealt with these incommensurable belief systems by assigning evolutionary
explanationsto nonhuman species, only, and retai ning creationism for human
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origins. Even Wallace, the codiscoverer of evolutionary theory, stopped short
of applying this theory to human origins (Mayr, 1982). Nonetheless, as can
be seen from the typology of these belief systems, there must have been
other kinds of mixed beliefs, suggesting that in many cases neither belief
system was especially coherent. Anecdotally, several parents conveyed their
disguiet with the choice: ‘*One way to avoid two completely contradictory
theories is not to think about them;”” ‘I don’t know what to believe, | just
want my kids to go to heaven’’ (Evans, 2000Db).

CONCLUSION

In this account of the epidemiology of beliefs (Sperber, 1996) about the
origins of species, neither the custom complex nor individual constructivist
capacities appeared to be privileged. Sperber’s synthesis of anthropological
and psychologica approaches to the representation of belief provides an apt
epidemiological framework for modeling the spread of beliefs in a popula
tion (Sperber, 1996). In this synthesis, mental representationsthat result from
the interpretation and internalization of public or cultural representations are
termed reflective explanations, whereas representations that are largely the
product of an inferential reasoning process are termed intuitive. The above
analysis of the ideological dispute suggests that for adults, at least, both re-
flective and intuitive explanations play arolein the stabilization of creationist
and evolutionist ideas in the population. What about children? From an epi-
demiological perspective, children born into a world of preexisting public
representations would not be able to avail themselves of such representations
unless they already possessed some system of analogous intuitive beliefs
(Sperber, 1996, p. 79). As evidence for this position, the studies just reported
suggest that the capacity to access the source anal ogies present in the natural
and socia environments is constrained by the inductive potential of chil-
dren’s intuitive ontologies.

A unique feature of this study is that factors related to the acquisition of
these diverse belief systems were able to be disassociated from other poten-
tially influential aspects of the custom complex. The coherence of parent
creationist and evolutionist belief systems was associated with child envir-
onments that were relatively more saturated with the customs and values
of the respective custom complexes, which then appear to have served to
constrain the expression of children’s beliefs. At their extreme, though, the
coherence of these systems and the inductive inferences they engendered
rendered individuals resistant to contradictory evidence (see aso Chinn &
Brewer, 2000; Holyoak & Thagard, 1995).

What might happen if children were reared in custom complexes where,
in contrast to Western thought, species were seen as seamlessly intercon-
nected, such as Buddhist philosophies? The present findings suggest that
younger children exhibit variable naturalistic or intentional modes of con-
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strual and the custom complex privileges the construction of the culturally
sanctioned mode and inhibits the construction of the less-preferred mode.
More complex forms of reasoning emerge as conseguence of thisinteraction:
they are neither preprogrammed nor simply derived from the social environ-
ment. Although psychological essentialism might be auniversal (e.g., Atran,
1990; Gelman & Hirschfeld, 1999; Medin & Ortony, 1989), only in those
environmentsin which essentialismis deified isa coherent creationism likely
to be exhibited by children. Moreover, only in contexts in which intuitive
essentialistic beliefs in the stability of manifest species are challenged would
coherent evolutionary beliefs be evident. The contexts sampled in this study
varied in their endorsement of creationism; nevertheless, even children in
theless saturated contexts were exposed to creationism to a degree that might
not be found in other cultural settings. Absent that particular environment,
naturalistic modes of explanation for the origins of species might then pre-
dominate. It is the interaction between cognitive and contextual factors that
serves to ensure the existence of culturally valued domains of competence
in subsequent generations (Gardner, 1995).

APPENDIX: MEASURES OF CHILDREN’S
NATURAL HISTORY KNOWLEDGE

How much do you agree with the following on a scale of 1-4: (1) Strongly Disagree,
(2) Disagree, (3) Agree, (4) Strongly Agree.
Fossil Expertise
Dinosaurs and people used to live on the earth at the same time.
A Petoskey stone is a coral that turned into rock, a long time ago.
A geode is a kind of rock with crystalsin it.
The pteranodon was not a real dinosaur, it was a flying lizard.
If animals or plants gradually turn into stone, they become fossils.
Petrified wood is wood that has been kept under water for a long time.
If the earth changes a lot some animals might become extinct.
All rocks with strange designs on them are fossils.
A long long time ago, there was no life on earth.
Dynamic Adaptation
If an animal swims a lot it might get webbed feet; its babies will have webbed feet, too.
If an animal breaks its leg and it heals with a big lump; its babies will be born with legs with
big lumps on them, too.
If an animal stretches up into the tree to get food it might get along neck; its babies will have
long necks, too.
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