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Abstract

Carey’s (1985)hook on conceptual change and the accompanying argument that
children’s biology initially is organized in terms of iv& psychology has sparked a great
detail of research and debate. This body of research on children’s biology has, however,
been almost exclusively been based on urban, majority culture children in the US or in
other industrialized nations. The development of folkbiological knowledge may depend
on cultural and experiential background. If this is the case, then urban majority culture
children may prove to be the exception rather than the rule, because plants and animals
do not play a significant role in their everyday life. Urban majority culture children,
rural majority culture children, and rural Native American (Menominee) children were
given a property projection task based on Carey’s original paradigm. Each group pro-
duced a unique profile of development. Only urban children showed evidence for early
anthropocentrism, suggesting that the co-mingling of psychology and biology may be a
product of an impoverished experience with nature. In comparison to urban majority cul-
ture children even the youngest rural children generalized in terms of biological affinity.
In addition, all ages of Native American children and the older rural majority culture chil-
dren (unlike urban children) gave clear evidence of ecological reasoning. These results
show that both culture and expertise (exposure to nature) play a role in the development
of folkbiological thought.
© 2002 Published by Elsevier Science Inc.
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1. Introduction

Current views of cognition portray concepts as being embedded in theory-like
explanatory framework€Jarey, 1985, 1995; Keil, 198Medin, Lynch, & Solomon,

2000 Murphy & Medin, 1985. These framework theories differ in different do-
mains of experience; a framework theory for understanding and predicting the
behavior of physical objects necessarily differs from one, which allows us to pre-
dict the behavior of sentient beings. Correspondingly, theorists have begun to
conceive of conceptual development as a domain-specific process, and have inves-
tigated development in core domains such aganphysics and rige psychology
(Gelman & Hirschfeld, 1999; Wellman & Gelman, 1992; Wellman & Inagaki,
1997. However, recent research with adults indicates that framework theories,
as well as domain-specific knowledge and reasoning strategies, differ across adult
populations varying in expertise and cultural backgroundéedin, Ross, Atran,
Burnett, & Blok, 200Zor an overview). Most of these advances have been reported
within the domain of folkbiology, encompassing how people understand, catego-
rize and reason about plants and animilsdin & Atran, 1999.

A good deal of research has been conducted in the last 15 years on the acquisition
of folkbiology, both because of the intrinsic importance of the domain and as a
test case for more general ideas about conceptual development. However, most
of this research has ignored potentially important differences with respect to the
experiential base and the cultural background of the children. Studies have focused
on urban majority culture children in either the US or other industrialized cultures.
Given the findings with adults on the role of culture and experience (see for example
Lépez, Atran, Coley, Medin, & Smith, 199edin, Lynch, Coley, & Atran, 1997
the focus on such a restricted participant pool seems surprising.

An influential idea to emerge from this body of work is that children’s under-
standing of the biological world undergoes a profound shift between ages 4 and
10. Carey (1985, 19953rgues that children’s early understanding of plants and
animals is anthropocentric. That s, children’s understanding of other living things
is largely in reference to, or by analogy to, human beings. As a consequence,
prototypicality of humans is central to children’s conceptions of the biological
world.

One source of evidence that young children possess an anthropocentric folkbi-
ology comes from a property projection task where children are taught a new fact
about a given biological kind (e.g., a dog “has an omentum”) and asked whether
other kinds (a bird, a fish, a plant) share that property. The rationale is that projec-
tion of a novel internal property is an index of the biological affinity between base
and target specie€arey, 1985 By examining patterns of projection, and com-
paring those patterns to predictions derived from competing conceptual schemes,
we may be able to diagnose which theories children are using to understand the
world around themCarey (1985)sed this task to explore how children’s projec-
tions from one basic-level animal category to other categories differed based on
the similarity of the base and target categories.
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The task relies on two related ideas: first, inductive inferences from prototypical
members of a category are perceived as stronger than inferences from less central,
typical members of that categor@$herson, Smith, Wilkie, & Shafir, 199Rips,

1975. Second, inductive inferences are guided by the similarity between the base
and target items. Within this paradigm an anthropocentric folkbiology makes two
straightforward predictions: first, if humans are central, prototypical exemplars
of living things, then on average projections from humans should be stronger
than projections from other living things. Second, an anthropocentric folkbiology
should lead to asymmetries in projection. For example, inferences from human to
dog should be stronger than from dog to human @skerson et al., 1990r a
formal model that predicts asymmetries of inferences between typical and atypical
category members).

The 4- and 6-year-olds studied Barey (1985generalized as would be pre-
dicted by an anthropocentric view. Four-year-olds readily generalized from hu-
mans as a base but showed little generalization from dogs and almost none from
bees as a base. For 6-year-olds, humans were still somewhat privileged, as chil-
dren were more likely to project from humans to other animals (69%) than from
dogs to other animals (54%). Furthermore, asymmetries were evident in compar-
ing human> dog (76%) to dog>= human (41%), and humar bee (59%) to
bee> human (12%). For 10-year-olds and adults, humans are no longer uniquely
central, though some effects suggestive of anthropocentrism are still evident in the
10-year-old responses.

Carey interpreted these results as supporting a comparison-to-exemplar model
of biological reasoning in which the folkbiological gold standard is pedpteey
(1985)argues that, “The prototypicality of people plays a much larger role in de-
termining 4-year-olds’ projection of having a spleen than does similarity among
animals” (p. 128). Thus, according to Carey, early folkbiology is essentially an-
thropocentric (see alstbhnson & Carey, 1998More generally, Carey interprets
this pattern of reasoning, along with other evidence, as demonstrating that young
children possess a qualitatively different understanding of biological phenom-
ena, incommensurate with that of adults. As a consequence, pervasive conceptual
change is necessary for children to acquire the adult model in which humans are
seen as one animal among many (e3arey, 1999

Carey’s original findings stimulated a great deal of research on children’s biol-
ogy. Much of this debate has centered on the question of whether children’s biology
is distinct from children’s psychology. By now there are a number of studies that
suggest that urban children have distinct notions of biology (€gley, 1995;
Gelman & Wellman, 1991; Hatano & Inagaki, 1994, 1999; Hickling & Gelman,
1995; Keil, 1989 1995 but see alsAu & Romo, 1999; Johnson & Carey, 1998
Solomon, Johnson, Zaitchik, & Carey, 19@®d that contextual factors may affect
the likelihood of children using a biological framework for explanatiGuiheil,

Vera, & Keil, 1999. Although our study bears on the separation of folkbiology
from folkpsychology, our focus is on the role of cultural and experiential factors
in children’s inductive reasoning, especially with respect to anthropocentrism.
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In some respects the claim that for young children humans are prototypical
living things represents a puzzle if not a paradox. Most human cultures draw a
sharp distinction between human beings and other animals and one might expect
people to be very atypical animalkhnson, Mervis, and Boster (199@und just
that (see also Anglin, 1977). In their study (based on a triad similarity compar-
ison) children and adults showed converging patterns of similarity relationships
among mammals. However, adults considered humans more like other mammals
than children did. Indeed, when presented with human—nonhuman—nonhuman tri-
ads, children almost never paired a human with another animal. This suggests
that children see humans as much more distinctive and peripheral mammals than
adults do.

Sowhy the apparentdifference between the Johnson etal. findings and the Carey
results? In the present study we evaluate the idea that the amount and intimacy of
children’s contact with plants and animals as well as their cultural background has a
critical influence on the development of folkbiological reasoning. Both dimensions
are importantin explaining adult reasoning pattesisgn etal., 1999; Lopez et al.,
1997 and both may be relevant to children’s reasoning as well. Furthermore, there
is evidence that industrialization and urbanization has led to biological kinds being
less psychologically salient than they were a few centuries\agdft Medin, &
Pankratz, 1999 The extent of this “devolution” or loss of contact with nature may
vary as a function of culture and settingdss, 2002a For example, plants and
animals may be less salient to urban folk than they are for rural folk (e.g., compare
Stross, 1973vith Dougherty, 1978 Obviously, urban children visit zoos, watch
animals and plants on television, own pets, observe squirrels, robins and pigeons in
parks and walk past trees on a daily basis. However, these sorts of experiences may
not be especially “intimate.” The most specific level that Northwestern University
undergraduates can name trees, on average, is just “Ceddy, Medin, Proffitt,
Lynch, & Atran, 1999.

In rural Wisconsin, home to two of our study populations, children are intro-
duced to hunting and fishing at an early age. Parents may call the attention to
the fact that deer prefer the acorns of white oaks to those of other oaks or note
that beavers love poplars. Even owning pets might be associated with different
meanings in urban and rural contexts. In an urban setting dogs are often treated as
family-members and live in the home. In contrast, in our Wisconsin study area the
value of a dog is often judged by its abilities as a hunting dog and most dogs do
not live in the home. These differences in treatment and respect may affect how
children reason about living kinds in relation to human beings. If these considera-
tions are correct, the anthropocentrism displayed by the young childaray’s
(1985)study may not be caused by the fact that humans represent the prototypical
animal, but, instead, may be attributable to humans being the only animal about
which they have extensive knowledge.

If anthropocentrism is indeed a consequence of the lack of knowledge devolu-
tion among urban children, then we should find clear differences among children
of different cultural and experiential backgrounds. In our study we examine the
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degree to which children with different cultural beliefs and a rural versus an urban
background reflect anthropocentric folkbiological reasoning.

The degree to which a shift from an anthropocentric to a biocentric folkbiology
is a universal aspect of conceptual development has not been addressed by previous
research. To do so requires looking at conceptual development among children that
differ in relevant ways from Carey’s populatio@gley, 2000. It is important to
examine the generality of this anthropocentric pattern of reasoning, on at least two
grounds. First, as we have just noted, anthropocentric folkbiology may reflect a
lack of close experience with the biological world. More precisely, urban children
may be relative folkbiological novices. Indeed, there is evidence suggesting that
knowledge has an impact on young children’s reliance on humans as a base for
reasoninglnagaki and Hatano (1987, 199ind that humans serve as a privileged
base for property projection, but that this process is constrained by knowledge.
For example, properties are not projected from humans to nonhuman organisms
when such an inference would contradict children’s knowledge of the nonhuman
in question. This account differs from other models of analogy in that (1) rather
than searching for most appropriate analogical base, a decision is made on whether
humans are appropriate or not, and (2) object-specific knowledge is used, not to
choose an appropriate analogical base, but rather to (a) judge the feasibility of the
already-predicted behavior, and (b) compute the organism’s similarity to humans.
Moreover, this account differs from Carey'’s in that humans constitute a privileged
analogical base because of children’s relatively rich knowledge about humans, not
because of the centrality of humans in children’s biological theories.

Furthermore Inagaki (1990)presented evidence that knowledge influences
children’s use of biological analogy. In her study all children were asked questions
about observable and nonobservable properties of goldfish, asked to reason about
goldfish in novel situations, and asked to reason about a novel aquatic animal (a
frog) in similar situations. Children who were actively raising goldfish possessed
more knowledge about both observable and unobservable attributes of goldfish.
They were also more likely to make reasonable predictions about the behavior of
goldfish in novel situations. Most importantly, while both groups tended to analo-
gize from humans to frogs when answering questions about frogs, the goldfish
raisers were more likely to analogize from goldfish to frogs when answering the
same questions. This suggests that knowledge of goldfish enabled children who
were actively raising goldfish to employ goldfish as an analogical base in a way
that children who were not goldfish raisers could not.

Similar differences in knowledge and associated reasoning patterns are docu-
mented in another study of our research teatran et al. (2001jound that among
Yukatek Maya (southern Mexico) young girls showed less differentiation than boys
when the peccary was the base for induction, a pattern consistent with an effect of
experience or familiarity. Boys go with their fathers into the forest at an early age
and, therefore, are much more familiar with the peccary than are girls. In general,
for this rural population even the youngest children tested (4-5-year-olds) showed
no evidence of anthropocentrism; they generalized readily from both humans and
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other animals as a function of biological relatedness. Note that the experiential
differences documented in bofttran et al. (2001andIinagaki (1990undermine
arguments about urban children being heavily exposed to and knowledgeable about
animals (bugs, squirrels, etc.).

In this study, we take the issue a step further by examining how differences
in experience and/or culture might lead to differences in reasoning about plants
and animals. Following Carey, we teach children novel properties about humans,
wolves, bees, goldenrod, and water, and then see whether they are willing to project
these new properties to an array of animals, plants, and nonliving objects. Of central
importance is the question of comparative development: how do experience and
cultural beliefs about nature affect inferences in the biological domain?

To address this question we examine children from three distinct populations:
Native American children from the Menominee Indian Tribe of Wisconsin, rural
majority culture children from the neighboring town of Shawano, Wisconsin, and
Urban children from East Boston, MA. For a number of reasons, the Menominee
population is of particular interest for this study. First, traditional folkbiological
knowledge may be especially salient to the Menominee. Unlike most woodland
tribes, the Menominee reservation occupies (a small fraction of) their traditional
range; hence, traditional knowledge of local plant and animal species is still current
and pertinent. Menominee harvest a wide array of forest products (such as timber,
firewood, ginseng, wild berries, roots, and mushrooms) and children participate
from an early age on in these activities. Hunting and fishing is common for children
of both sexes and one can frequently observe groups of children (of different ages)
pursuing these activities along the rivers and lakes of the reservation. Although
this does not preclude them from owning pets and watching television (which they
also do), it casts their relation with the environment in a different perspective.
Even the notion of “pet” likely varies across urban and rural contexts — in rural
Wisconsin dogs are often used in hunting and they rarely live indoors with families.
The Menominee tribe is well known for its record of sustainable forestall (&
Pecore, 19956 In part, this seems to reflect a consensual folkecological model (see
Medin et al., in press) that stresses the importance of living kinds interacting in
the local environment, including interacting with humans.

The nearby majority culture town of Shawano provides a useful comparison
population. Children in Shawano grow up in a very similar physical environment,
also are introduced to fishing and hunting at an early age and also have a great
deal of first hand experience with the natural world. However, with respect to
the predominant adult models (the potential end product of the developmental
process) we still find clear cultural differences. Ecological relations are much
more salient and important for Menominee fishermen than for majority culture
fishermen fledin et al., 2002)

Examining these populations allows us to examine the pervasiveness of an-
thropocentric origins of folkbiology, and to begin to “triangulate” with respect
to possible causes of conceptual differendgsilenson, Shum, Atran, Medin, &
Coley, in press; Medin et al., 20p2To the degree that the two Wisconsin popu-
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lations are similar, experience is implicated in shaping folkbiological beliefs. To
the degree that the rural majority culture children resemble the urban children
rather than the Menominee children, a role of cultural beliefs, practices and goals
about nature may be implicated. Distinct patterns among the three populations
might suggest a combination of these factors in shaping conceptual development,
whereas commonalties among all the groups would suggest candidates for univer-
sals in development. Obviously, whatever the results are (other than universals),
much work remains to be done to understand the causes of these differences. How
are distinct cultural models learned and transmitted? What are the channels of
learning, and what kind of experience has what kind of effects? To tackle these
issues is beyond the scope of this paper. To address them we need first a clear
understanding of the differences and commonailties in children’s development of
folkbiology. This issue is the main focus of what follows.

Our study differed from Carey’s in that we included two different kinds of
inductive bases, goldenrod and water. We added goldenrod so that we could ex-
amine generalization both from animals to plants and from plants to animals. We
had reason to believe that Menominee children would have a broad view of living
kinds that includes not only plants but also natural entities such as rocks. In tra-
ditional Menominee culture all natural entities like rocks and water are alive (in
related work in progress we are systematically examining cultural differences in
children’s conception of alive by a series of detailed probes). Our original motiva-
tion for including water as a base was to see if ecological relations might play some
role in children’s inductions. Previously we had found that adults knowledgeable
about biology often rely on ecological reasoning stratedi€épéz et al., 1997
Proffitt, Coley, & Medin, 200Dand we were interested in whether and when such
strategies might appear in children’s reasoning. As it turned out, however, when
water is a base children use a wide variety of strategies and it is difficult to draw
any clear conclusions. To reduce the complexity of an already complex design, we
do not present the results for water as a base in this paper. Nonetheless, we were
able to educe evidence for ecological reasoning from other bases.

2. Method
2.1. Participants

A total of 242 children from three distinct populations participated in the study.
Native American children attended Keshena Elementary in Keshena, WI, arecently
built school located on the Menominee Reservation. Rural children attended Lin-
coln Elementary School in neighboring Shawano, WI. Urban children attended the
Guild School located in an urban area of East Boston, MA.

Participants in each locale were divided into three age groups: Kindergart-
ners and first-graders (“young”), second- and third-graders (“middle”), and fourth-
graders (“old”). Details on mean ages and ranges for each population are presented
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Table 1

Mean ages and age range for the individual groups

Group Age group Count Mean age Age range

Urban majority 6-year-olds 14 6-0 5-4 - 6-8
8-year-olds 16 8-0 7-3-9-10
10-year-olds 26 10-0 9-0-11-2

Rural majority 6-year-olds 29 6-6 6-0-6-10
8-year-olds 50 8-1 7-7 - 8-6
10-year-olds 30 9-8 9-8 - 10-9

Rural Menominee 6-year-olds 24 6-03 5-06 — 7-06
8-year-olds 32 8-07 7-08 — 9-05
10-year-olds 21 10-03 9-08 — 11-00

in Table 1 All children were monolingual English speakers (though Menominee
children typically know Menominee terms for clan animals), and were interviewed
individually by research assistants from their community.

2.2. Materials

Detailed color drawings of five different inferential bases (human, wolf, bee,
goldenrod, water) and 16 target objects (human, bear, raccoon, eagle, bluejay, tur-
tle, gartersnake, sturgeon, trout, fly, worm, maple, milkweed, rock, pencil, bicycle)
were used to present the questions. Categories were chosen to cover a large range of
plants, animals, and nonliving objects. Bases were chosen to correspond to Carey’s
items (human, dog and bee), as well as to examine the extent to which children
were willing to project properties of plants (from goldenrod). Target objects fell
into higher order classes (honhuman mammals, birds, reptiles, fish, invertebrates,
plants, nonliving natural objects, and human-made artifacts).

2.3. Design

Children were asked about projecting unfamiliar properties from all five bases
to all 16 targets. Properties were the names of substaseesa(andro, estrq
hema andgluco) said to be found inside the base. A different property was used
with each base, and bases and targets were presented in a different random order
for each child. Most children took more than one session to finish the task.

2.4. Procedure

Children who had received parental permission were interviewed individually
at their school. Each child was first given two warm-up tasks. In the first, they
were asked to name all the plants and animals that they knew. In the second, they
were shown a shape and asked two questions about it. For instance, they might
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be shown a red triangle and asked, “Is this red? Is it a square?” The object was
to get the child to answer both “yes” and “no” in the experimental context and to
minimize response biases.

Children were then shown a picture of one of the bases and asked to name it. If
they named it correctly, they were given positive feedback. If not, they were gently
corrected. Next, they were taught a new property about the base. For example, the
experimenter might show the wolf picture, and say, “Now, there’s this stuff called
andro. Andro is found inside some kinds of things. One kind of thing that has
andro inside is wolves. Now, I'm going to show you some pictures of other kinds
of things, and | want you to tell me if you think they have andro inside like wolves
do, OK?” Children were then shown each target individually, asked to name them
(the first time through, with feedback given as above), and then asked whether
they “have andro inside, like the [base].” Questions were asked generically, about
the kinds in question (“Do trouts have andro inside, like wolves do?”) rather than
about the individuals pictured (“Does this trout have andro inside, like this wolf
does?”).

Responses were scored 1 for “yes” (making the projection from base to target)
and 0 for “no” (declining to make the projection). Like Carey, we took property
projection as a measure of perceived biological affinity. The fact that we found that
associations may be made on the basis of either taxonomic similarity or ecological
relatedness poses something of an interpretative challenge.

3. Results

Each of the three study populations produced a unique profile. (Mean projec-
tions by base, target and age for the three groups presenialdles 2—4 Although
there were a number of similarities, the clear differences undermine the idea that
anthropocentrism is a universal feature of folkbiological development. Below we
detail these results organized to address three questions: the extent to which bio-
logical similarity guided projections, evidence for anthropocentric reasoning, and
evidence for causal/ecological reasoning.

3.1. Within-group differences

We conducted factor analyses for each age group for each population to see
if we could find distinct patterns of responding within a group. The rationale for
this analysis is to test if one underlying model (factor) explains a large amount of
the variance. If this is the case, we can readily assume a general consensus among
the participants (seRomney, Weller, & Batchelder, 1986r the original model
andAtran et al., 1999or its application as a tool to explore existing consensus).

In almost every case a single factor solution gave a good account of the data
and there were no obvious subgroups. For the young urban children there was no
clear consensus and the second factor accounted for 12% of the variance. When we



PRESS

L
- |
O
[
o
<

'sdnoi3 a8e da11)) 9y 0) Surp10doE 3seq yoea 10J uondsloid aferoae oy) Juasardor smoy

Q 1% - o LL 69 T I 6 96 9 I8 0s 9 s 0SS 10TRM
& - ST s¢ 96’ 88 8¢ T e LT 8s 6l 8¢ LT 8¢ 8¢ TI' poIudpOD
S 0 800 8O 0s’ 8¢ 9 96 ¢ s €L o €L L 0s 9 SO oog
S - - - ) 61" 8¢ 8¢ 8¢ € o 7Y 69 S8 88" 6  SE JIom
g - (AN A € 1€ 0TS¢ 25 9 9 Ty L €L 9 I8 001 uewny
= PIO
5 90 - €T €9’ 0 LT €T 88’ 8 0s 08 T o8¢ € ST € 1078
£ - €1 6l s 18 6l I€ €T € 8¢ 0§ 1€ 8¢ 61" ¥ €1°  poluspoD
2 - 90 90" 95" ST 8¢ 00 vy 4d €9 9¢ 9 SL 0s 05 ¢ EEn |
w - 9 €I ST 8¢ 95 0§ 9¢' €9’ €9 69 69 69 00T € €€ Jlom
° Lo €1 0T €5’ Ly Ly LY o' Ly € e €L LY €L LY 001 uewiny
2 SIPPIN
c

g 9 9¢  9¢ LS LS LS ¥ 08’ 98° LS 98 LS 0§ 0S¥ LS 107RM
Q 9 05 05 €6 Y9 e LS e e 0S 0§ 0S¢ 0S 05 0§  Ppoludpon
= o & IT LS & & 0S b9’ L & e 6T € 0s ¢ 05 o0g
m o¢’ 1T L & 05 9¢ LS o¢” v9° v LS 0S¢ & o 1T JIom
9 & 0SS 9¢ v & & 6T 3a 9¢ LS LS v9 LS & 0S €6 wny
x Sunox
pd

opAorg [ousd YooY poemyA  o[delNy wiopy  A[J Inoi], uodSimS oyeusiouer) opuny  Aelonjg o[Seg uwooooey Iedg Uewny

10

UQIP[IYd I nd Ajrofew ueqin Jjo sasuodsal Arewuing

T IqEL



ARTICLE IN PRESS

N. Ross et al./ Cognitive Development 107 (2002) 1-23

11

*sdnoi3 oFe 921y 9y} 0) Surp10do® 9seq Yoea 10J uoraloid aFeroae ay) Juasardar smoy

L0 ST 4 69 6L v 68 68 19 €6’ 89’ SL 98 96 €6 Io1eM
Lo LT €T 06 €L oy €¢ 0¢ LE LS Ly 184 €T 0g €5 0¢"  poiusp[onH
L0 €T - LY 0s’ €e €6 0T €T 0s’ LT oL €S’ oy €L €S’ g
€0’ €0’ L0 €T 0¢’ yo LY LE or’ €S’ 09’ 09’ €L 06" €6 Ly JIoM
€0’ - €0 0¢” 0¢ oy €9 €9’ 09’ €S €9’ €L oL’ €8 LU 00'1 wny
PIO

0 or 6T € 9¢ 9¢ T oL 98’ Sy’ LY Sy’ Se e 0s 123 1o1em
0 90" 80° 06 89’ e e 0T [1% oy’ w 174 [1% 8T L' poiudp[oH
0 0 (4 8¢ (44 e 98 or 129 8T or [4% 9¢ 8T 0T ¢
- 0 (4 8T’ or 9T 8T 8T 45 124 0¢” 4% 86" €L vy T Jiom
(4 ¥0° 0 0T 149 Yo v (43 ve 9¢’ ve ov’ oy’ SO 86 wnH
OIPPIN

- L0 LT 1€ LT yo 1T 99’ 99’ 144 99’ ve 153 e 8y 43 Torem
€0’ - or” €8 65 vo v LT LT 8T 145 1T 1T ve  vo 01" poIusp[on
Lo €0’ Lo 14 8T ¥ 06 8T 1 ve 1€ Sy’ 8Y’ e ¥ 8T oo
- €0’ 145 or’ LT v 8¢ 8T 8T 155 155 1 Sy SL 9L yT Jiom
4% 120 y0 L0 ST 6T L0 (43 6T ST 6T 9%’ 9¢ 9 LS 96 wny
Sunox

oplorg [ousd Yooy poomYN  o[dely wiIop, A[J Inoi], uwodSmi§  oyeusioyer) opuny  Aefonjg o[Seq uooooey Ieog uBWINH

URIP[IYd In)[nd Ajrofewr eant jo sasuodsar Arewrwing

€ 9Iq8L



PRESS

L
- |
O
[
o
<

'sdnoi3 a8e da11)) 9y 0) Surp10doE 3seq yoea 10J uondsloid aferoae oy) Juasardor smoy

Q 0 o vz 9L 9L 8¢ 8K I8 8 €I 8y LY LS oL LY 1018
& SO YU vT 98’ oL YT & 8¢ €€ s e & €€ sy e 8¢ POIUAPIOD
g or ¥ T 49 € & I8 & 5 s 6T LS8y Ay 8¢” ood
S 0 SO SO° 6T 61" €€ TS T st €& sy 9 LYy 18 S6 s JIom
g o 0 YT 8¢ 6 £ 8K 9 53 sy LS LSy 9 18 18 wny
= PIO
T € 6 8¢ €9 65 P vE 8% 8 Ly 89y 0 €5 8¢ 68" 1078
3 91" 6L ST 00'T | SN2 N { AT 6€ S s sy 1€ 65 b It"  poIusp[on
2 or 9 €I St & v 89 TE St € Sv €9 9§ Sy 99" e EEn |
> 60 € 6l ¢ € L 9 9¢ 69 99° 69’ w8 18 b8 Ly Jlom
2 €0 € oI 8T o LSS  SY s v vL €9 99" 1L 96" wny
2 SIPPIN
c

g LT LT €€ €9 0S  ¥S 8¢ LY 8¢ W TS € o 6T 0§ o’ 107RM
Q 80" 0 1T 88’ SL 9 6T €€ €€ sy vS o v o TP poImaplon
= 0 800 LI o’ o 9 6L  8S 8¢’ I €9 6L SL vs 8¢ €9 o0g
m 0 o 1T 0s’ o LS LS LS 0s’ €y 8s 1L sLosL o Jlom
9 [N S 4 8¢ 9 9 €9 €9 vS €9 v LY 8" 8¢ LS wny
x Sunox
pd

opAdrg U Yooy poamyIN  odejy wiIop A[J Inoil, uoeSimS oyeusiouen opunl  Aefonig o[Feg uwoooowy Ieog UewIN(

12

UQIP[IYD I2UIWOUIJA] JO sasuodsar Arewrung

¥ 198l



ARTICLE IN PRESS

N. Ross et al./ Cognitive Development 107 (2002) 1-23 13

353 separated young urban children based on their second factor scores, the most salient
354 difference was that one group tended to say yes to most of the projections and the
355 other group tended to say no to them. Both subgroups had broad, undifferentiated
356 generalizations. Overall, there were no salient within-group clusters and the group
357 patterns are not artifacts of averaging over distinct sub-profiles.

358 3.2. Biological similarity as a guide to projections

359 If children have a clear notion of biological affinity, the likelihood of projec-
360 tion should be predicted by biological similarity between base and target. We
361 addressed this question in several ways. First, we conducted trend analyses to as-
362 certain whether projections of properties frémamanandwolf showed a linear

363 decrease in likelihood to bases in the following ordeammalsbirds, reptiles and

364 fish invertebratesandplants A reliable linear trend would indicate projections

365 based on biological similarityr-squared values for the regressions, by age group
366 and population, are presentedTiable 5 Second, in order further detail the shape
s67 Of these linear trends, we combined our targets into higher order categories: (1)
a6 higher animalgnonhuman mammals, birds, and reptiles),|¢@er animalgfish

369 and invertebrates), (3)lants and (4)inanimates We then conducted separate 3

s70 (age groupk 4 (target group) ANOVAs for each population exploring projections
s71 from humanandwolf as a function of the phylogenic distance from these bases
372 to the targets. Projections based on biological similarity should show decreasing
a7z Strength with phylogenetic distance from the bases; moreover, differences in pro-
374 jection to each base group may also be informative. Third, biological similarity
a75 predicts that projections fromoldenrodshould be relatively high to plants, and

a76 higher to animals than to inanimates. Moreover, this pattern of projections from

Table 5
R-squared values for linear trend analyses of projections fremanandwolf
Group From human From wolf
Boston

Young No trend No trend

Middle AT .90

Old Ve 87
Shawano

Young 74* T4

Middle .90 .89

Old .86 .85
Menominee

Young 54* .64

Middle .65 91+

Old 8T 87

Note () P < .05, () P < .001.
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goldenrod can also be taken as evidence for some unified concligphgfthing
subsuming plants and animals. We therefore examined projectiongbioienrod
using the same analysis strategy.

3.3. Urban children

Patterns of projection for young urban children differed from middle and older
children in several ways. First, trend analyses show no decreasing projections
from humanor wolf as a function of phylogenic distance (Sesble 5. Young ur-
ban children show evidence of biological similarity only at a very gross level.
Projections fromhumandid not differ by target; young urban children were
no more likely to project properties frofmumanto bear than fromhumanto
rock. However, projections fromvolf to other animals and plants were higher
than to inanimatesH(3, 39) = 4.78, M.S.E. = .053, P = .0062). Also, pro-
jections from goldenrod to plants were higher than to other target categories
(F(3,39 = 5.15, M.SE. = .069, P = .0043), although this seems to be due
to local similarity rather than any sense lofing thing as a coherent concept;
projections from plants to animals didn't differ from projections from plants to
inanimates.

In contrast, middle and older urban children both showed reliable linear trends;
projections decreased with decreasing biological similarity between base and target
(seeTable 5. Moreover, projections frorhumanto higher animals were stronger
than projections to lower animals and plants, all of which were stronger than
projections to inanimatesF(3, 117) = 2641, M.SEE. = .083, P < .0001).
Projections fromwolf to higher animals were stronger than projections to lower
animals which were stronger than projections to plants, which were stronger than
projections to inanimatesF(3, 1200 = 7806, M.SE. = .049, P < .0001).
Projections frongoldenrodto plants were higher than to animals, which in turn
were higher than to inanimateg(@, 120) = 58.56, M.S.E. = .063, P < .0001)
suggesting both biological similarity and some idea of affinity between plants and
animals. Thus, projection patterns for middle and older urban children reflect a
much more refined sense of biological similarity than for younger children.

3.4. Rural children

Unlike urban children, Shawano children’s projections showed linear decreases
with decreasing biological similarity at all ageBaple 5. Projections fromhu-
manto higher animals were stronger than projections to lower animals which
were stronger than projections to plants, which were stronger than projections to
inanimates (3, 144 = 29.16, M.SEE. = .074, P < .0001). Likewise, projec-
tions fromwolf decreased significantly to each increasingly distant target group
(F(3,147) = 59.88, M.SEE. = .057,P < .0001). Finally, like the two older ur-
ban groups, projections fromoldenrodto plants were higher than to animals,
which in turn were higher than to inanimate¥38, 147) = 79.10, M.S.E. = .052,
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P < .0001) indicating both biological similarity and some idea of affinity between
plants and animals. The only age difference in responses was that older children
were more likely to project frorgoldenrodthan were middle or younger children
(F(2,147) = 4.45, M.SEE. = .148, P = .0167). Thus, there is clear evidence of
projections based on biological similarity at all ages in the rural majority culture
population.

3.5. Menominee children

As with the rural majority culture children, reliable linear trends for Menom-
inee children of all ages show clear conceptions of biological affinity in their
projections fromhumanandwolf (Table §. Projections fromhumanto higher
and lower animals were stronger than projections to plants, which were stronger
than projections to inanimates (@, 153 = 51.09, M.S.E. = .068, P < .0001).
Interestingly, unlike the two majority culture groups, Menominee children did not
differentially attribute properties from humans to higher versus lower animals.
This might reflect a different sense of the place of humans in the biological world.
Like rural children, Menominee projections fromolf decreased significantly
to each increasingly distant target groug(3, 153 = 4308, M.S.E. = .085,

P < .0001). Finally, like the older urban children and all rural groups, Menom-
inee projections frongoldenrodto plants were higher than to animals, which in
turn were higher than to inanimateg(8, 153) = 50.20, M.SE. = .068,P <
.0001). The only age difference in responses was that older children were more
likely to project fromhumanthan were middle or younger childreR(@, 153 =

5.03, M.SEE. = .165, P = .0101). Thus, there is clear evidence of projections
based on a refined sense of biological similarity at all ages among Menominee
children.

Another notable trend, most evident in the children’s justifications, is that
Menominee children often made inferences in terms of ecological relations. All
age groups showed a propensity for generalizing from bees to bears and they often
mentioned that a bee might sting a bear or that a bear would eat honey. These sorts
of justifications only appeared in older rural majority culture children and not at
all with the urban children.

3.6. Summary

Biological similarity guided the projections of middle and older urban children,
and of all age groups of rural and Menominee children. Likewise, stronger projec-
tions fromgoldenrodto animals versus inanimates suggests some unified concept
of living thing in all of these groups. Young urban children showed evidence of
biological similarity only at a very gross level; indeed, examination of Appendix
A suggests a largely indiscriminate pattern of projection for this group. In contrast,
young rural and Menominee children show clear evidence of a differentiated sense
of biological similarity. Finally, Menominee children were just as likely to project
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properties from human to lower animals as to higher animals, which may reflect a
greater perceived intimacy between humans and nonhuman animals.

3.7. Anthropocentrism

An anthropocentric folkbiological predicts that, on average, projections from
humans — the central exemplarlafing thing— should be stronger than projec-
tions from other living things. To examine this, we compare average projections
from human wolf, bee andgoldenrodto all targets. Furthermore, according to
Carey, children’s anthropocentric folkbiology leads to asymmetries in projection
favoring humans. To measure asymmetries in projection, for each child the average
of projections fromhumanto mammal, insect, and plant targets was calculated, as
was the average of projections framolf, bege andgoldenrodto human If asym-
metries exist, then average projections froommanto specific targets should be
higher than average projections from related bases to human targets. Our three
populations showed clear differences in the presence and developmental course of
anthropocentric reasoning.

3.8. Urban children

The urban sample showed mixed evidence of anthropocentric reasoning. Each
age group showed a different pattern of overall projections from the four living
bases, although contrary to the anthropocentric prediction, humans did not emerge
as privileged. For younger children, there were no differences between average
projections ¢(3,39 = 1.18, M.SEE. = .034,P = .330). Remember, however,
that their projections were broad and indiscriminate. For the middle age group,
projections fromhuman wolf, and beedid not differ from each other, but all
were stronger than projections fragnldenrod(F(3, 42) = 8.46, M.S.E. = .013,

P = .0002). For older children, projections fronumanwere only marginally
stronger than projections frogoldenrod projections fromwolf andbeediffered
from neither ¢(3, 75 = 2.58, M.S.E. = .013, P = .059).

In contrast, both the middle and older urban children show clear asymmetries
in their projections. To test for asymmetries, mean projections fnmtf, bee
andgoldenrodto human were subtracted from mean projections frammanto
mammals, insects, and plants. Higher values represent stronger anthropocentric
asymmetries in projection. One-tailetests were used to compare these difference
scores to zero for each age group. Although young urban children showed no
asymmetries, middleM = .289,¢(14) = 5.77, P < .0001) and older¥ =
.250,1(25) = 4.02, P = .0002) urban children clearly favored projections from
humans over projections to humans. The lack of asymmetries in the youngest
urban group may be a byproduct of their relative lack of systematic projections
over these stimuli; we return to this point$®ction 4 Results for the older groups
are consistent with Carey’s predictions about anthropocentric folkbiology. It is
interesting to note, however, that in our urban population there was no reduction in
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asymmetries over time; the pattern was as strongly evident among fourth graders
as among second graders.

3.9. Rural children

The rural, majority culture sample also showed mixed evidence of anthro-
pocentric reasoning. Age groups did not differ in overall patterns of projections
from the four living bases; no differences between average projections emerged
(F(3,144 = .25, MSEE. = .023, P = .8596). Some anthropocentric asym-
metries were evident, although the differences were smaller than for the urban
children, and asymmetries weakened and disappeared among older rural chil-
dren. Specifically, young rural children showed reliable asymmetbies-(.167,

t(15) = 1.91, P = .0379), middle children showed marginal asymmetrids=¢
.136,1(21) = 1.71, P = .0506) and older rural children showed no asymmetries at
all. Like the urban children, rural children show some evidence of anthropocentric
reasoning, but in striking contrast to urban children, anthropocentrism declines
over time.

3.10. Menominee children

Menominee children showed virtually no evidence of anthropocentric reason-
ing. Like the urban, majority culture group, all age groups projected equally from
the four living basesK(3, 153 = .79, M.SE. = .041, P = .5001). Unlike
the other groups, Menominee young and middle age groups showed no anthro-
pocentric asymmetries. Interestingly, older Menominee children did show reliable
anthropocentric asymmetrie(= .238,7(13) = 2.74, P = .0084). This, how-
ever, is the only evidence of anthropocentric reasoning to emerge from Menominee
children.

3.11. Summary

The three populations show distinct developmental trajectories with regards to
anthropocentric reasoning. For the urban population, anthropocentric reasoning
seems to accompany increasingly organized folk biological projections, and re-
mains strong in 10-year-olds. For the rural population, anthropocentric reasoning
is present early on, but is waning in 8-year-olds and disappears altogether in older
group. For Menominee children, there is almost no evidence of anthropocentric
reasoning at all.

3.12. Ecological reasoning

By ecological reasoning we refer to cases in which the inductive reasoning
of the children is not based on biological similarity but on a relation the two
species entertain. An example for the former would be that A and B share a
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property because they are both mammals. An example for the latter would be
that A (bees) and B (bears) share a property because bears eat honey or bees sting
bears. Obviously, the two reasoning strategies are distinct and one might argue that
ecological reasoning has to be grounded in more specific knowledge. Our stimuli
were not designed to measure ecological reasoning. However, other results (e.g.,
Lopez et al., 1997; Medin et al., 2002; Proffitt et al., 2DOWe us reason to ask
whether culture and/or experience may heighten the salience of causal/ecological
relations as a basis for inductive projection, especially in rural and Native American
children.

We have already mentioned that the Menominee children tended to give eco-
logical justifications for inferences from bees to bears. We also find some evidence
that the rural majority culture children show ecological reasoning in the projection
task. In particular, human interaction with fish and the ecological role of bees seem
to be salient knowledge for both of our older rural samples. Consider, for example,
projections from bees to humans, bee to bears and from bee to plants. Between the
middle and old group of rural majority culture children, the proportions increase
from .20, .28 and .30, respectively to .53, .73 and .58. The corresponding propor-
tions for the urban middle and old groups of children go from .31, .50 and .40 to
.08, .62, and .44. A three (item) by two (age) by two (location) ANOVA revealed
a reliable interaction of age and locatiofi & 15.5, M.SE. = 2.8, df = 1, 354,

P = .000). A common justification for the rural children is that bees might sting

or that bears eat honey. Projections from goldenrod to animals also demonstrate a
clear increase not seen in urban children. In brief, rural majority culture children
not only make inductions based on biological affinity from an early age; but older
children also show ecological sensitivity not present in urban children. As noted
before, we find the same sensitivity to ecological factors among even younger
Menominee children tested.

4. General discussion

The background for this study was the question of whether an anthropocentric
folkbiology would inform reasoning as had been found in previous work with
urban populations (e.gGarey, 1985 However, against the backdrop of studies
with adults Bailenson et al., in press; Lopez et al., 1997; Medin et al., paaad
Yukatek Maya childrenAtran et al., 200}, we expected to find both cultural and
experiential differences in the development of folkbiological knowledge. Testing
urban majority culture children, rural majority culture children, and rural Native
American (Menominee) children, we observed three distinct developmental tra-
jectories.

Urban majority-culture childrershow a clear development from largely un-
differentiated projections to similarity-based patterns of projection. For the two
groups of older children we find clear asymmetries in their projections (with
stronger projections from humans than to humans). However, humans do not
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emerge as privileged or prototypical animals, nor are they seen as one animal
among many. Instead, it appears that humans are seen as atypical animals and
justifications for not generalizing from some animal to humans tend to appeal to
the claim that humans are not animals (see dtdmson et al., 199&ho report

related findings).

Rural majority-culture childrerexhibited a clear pattern for reasoning in terms
of biological affinity even atthe youngest age tested. Asymmetries between humans
and other animals found among the youngest children tend to disappear with
development. Furthermore, rural majority children show a developing sensitivity
to ecological relations not observed among urban children.

Menominee childremprovide yet a third profile. The youngest children show
broad, similarity-based projection from the four living bases, and exhibit signs
of clear ecological reasoning. These trends did not appear to change much with
age and none of the age groups showed asymmetries in their projections between
humans and other animals.

In a sense we expected this precocious ecological responding among Menomi-
nee children given the adult data cited earle(in et al., 200Psuggesting that
Menominee fishing experts pay much more attention to ecological relations than
do their majority culture counterparts. Although we expect that this cultural differ-
ence in “habits of the mind” is passed on to children, we are only now beginning
to explore the social channels and cognitive mechanisms of cultural transmission
(Atran et al., 2002; Medin et al., 20D2

These findings undermine the universality of Carey’s claim of an anthropocen-
tric development of folkbiological thought. Evidence seems to point at anthro-
pocentrism as being largely an effect of the lack of relevant knowledge about
the environment. Hence, with an increase of knowledge of biological affinity and
ecological relations, anthropocentrism disappears. The only exceptions are urban
children. The lack of knowledge among the younger children of this group seems
to inhibit any kind of patterned reasoning about plants and animals. It is logically
possible that our rural populations (both Menominee and majority culture) are sim-
ply advanced in their development and passed through the anthropomorphic stage
at an earlier age compared to their rural counterparts. However, there is no empir-
ical support for such an assumption. Even 4-5-year-old Yukatec Maya children in
Mexico fail to show evidence for an anthropomorphic folkbiology (a#an etal.,

200)). Furthermore, later aspects of the developmental trajectories (both within
our data and looking at adults) do not coincide across the three groups. This means
that there is no compelling reason to entertain the idea of parallel developmental
processes.

Itisimportantto note thatitappears to be the lack of knowledge among young ur-
ban children that drives their anthropocentric understanding of folkbiology. Given
that we do not find any evidence among children with greater knowledge of the
natural environment, the data seem to reflect the fact that urban children use a
readily accessible cognitive heuristic that compensates for the lack of sustained
contact and interaction with local biodiversity. This readily accessible crutch can
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618 be discarded once a certain level of biological awareness and competence has been
619 achieved, leading to the conceptual shift described by Susan Carey. This interpre-
620 tation is bolstered by two findings. First, it has been documented that western
621 societies since the industrial revolution have indeed steadily lost intimacy and
622 knowledge with respect to local biot&/plff et al., 1999. Second, studies with

623 Maya children in Yucatan, Mexico, showed gender effects caused by differences
624 in expertise Atran et al., 200}

625 The data suggest two future avenues for further work. First, plan to look at
626 exotic species, like those found in zoos, in order to test the role of familiarity with
627 the species. On some grounds one might expect that urban children would fare
628 better as they may be more familiar with exotic species than native animals. Rural
629 children have much less experience with exotic species but, baskwhgaki’'s

630 (1990)findings on children’s ability to use their knowledge about certain species
631 to reason about others, we do not expect different results in rural children. Second,
632 it remains somewhat unclear why Menominee and rural majority culture children
633 differ from one another. Here we will have to isolate these differences and look at
634 the cultural contexts of learning about biology in order to understand the emergence
635 Of these different patterns.

636 Finally, it is of considerable practical interest to understand whether and how
637 these group differences carry over to and influence learning in the classroom. It is
638 interesting to consider how one might take advantage of the relative precocity of
639 the rural children (especially the Menominee children), or how one might remedy
640 the relatively impoverished experience of the urban children.

641 5. Conclusion

642 In this paper we have analyzed the development of folkbiological induction in
643 children of three distinct cultural groups. Our findings suggest different underlying
644 construals of the biological world among our three populations. The differences
645 between urban and rural majority-culture children seem to reflect differences in
646 both the cultural support for an interest in nature and for direct experience with
647 nature. Both groups of majority-culture children may share anthropocentric cul-
648 tural beliefs, but the richer experience of rural children seems to support more
649 biocentric thought earlier than is seen among urban children.

650 One way to capture the difference between the two rural groups is to argue that
651 Menominee children’s patterns of folkbiological reasoning reflect a framework
652 Where ecological reasoning, the relations between species — including humans —
653 isvery salient. Some evidence for such a view comes from studies with Menominee
654 and majority culture fish expertiigdin etal., 2002 Majority culture experts show

655 a clear influence of goal orientation in the ways they perceive local fish while
656 Menominee experts pay more attention to ecological features. Goal orientation,
657 however, is another way to put human beings in the center of the perspective —
658 as different from animals.
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Both culture and experience play an important role in the development of folk-
biological knowledge. We think that analyzing cognitive development in terms
of domain-specificity is a very fruitful strategy. Nonetheless, given our results, it
seems hazardous to develop universal generalizations on the basis of data from
children from populations where both cultural support for, and direct experience
with, nature is generally impoverished.

The novel empirical implication in this regard is that relative expertise and
interaction, rather than mere exposure and observation, with respect to natural
biodiversity may be the default condition for most human groups (and perhaps
for ancestral humanity). From a theoretical perspective, then, the chief interest
(other than mere convenience) in studying “standard groups,” such as urbanized
children in and around major western research institutions, may not be to establish
a baseline for generalizations about folkbiological knowledge, but to explore the
cognitive consequences of limited input and devolutionary cultural processes on
theory building in an impoverished environment.
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