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ABSTRACT

A triad oddity task was used to investigate dewelemtal changes in perceived
similarity among animals and humans. Four, fiveiese and eight year-old children
and undergraduates were presented with triads abingj of a human, a non-human
primate, and a non-primate animal, and asked allawbnomic similarity (“which
two are the same kind of thing?”) and psychologisatilarity (“which two think
and feel the same way?”). At all age groups, husnamere seen as taxonomically
unique. Beliefs about psychological similarity urent marked developmental
change, from essentially random guessing to beliedt humans were
psychologically unique to beliefs that humans wesgchologically similar to other
primates. There was little evidence of differemiatbetween psychological and
taxonomic similarity among children. Younger chéldis responses were apparently
guided solely by the human-nonhuman dichotomy, e@semolder children and
undergraduates were also influenced by the categogmmal. Results suggest
interesting continuities and discontinuities in tHevelopment of folk biological
thought, and between folk and scientific biology.
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One important challenge in the development of asmceptual domain is
establishing an ontology, or delineation of theibamtities that exist in that
domain and the important relations that hold amtmase entities (Wellman &
Gelman, 1992). In the domain of biology the ontgldg particularly richly
structured (e.g, Berlin, 1992); with developmemigerstanding of relations among
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biological kinds becomes increasingly complex andltifaceted. For example,
children become increasingly aware of plants’ stats living things (Richards &
Siegler, 1986), of taxonomic groupings of plantd animals at different levels of
hierarchy (Carey, 1985; Coley, Hayes, Lawson, & &hely, 2004; Coley,
Solomon, & Shafto, 2002; Ross, Medin, Coley, & Atr2003), and of ecological
and causal relations among species that are paltgntirthogonal to taxonomic
relations (Coley, Vitkin, Seaton, & Yopchick, 2005)

Another important development involves the way imickh human beings
are incorporated into the folk taxonomy of livingirtgs. Clearly, humans are
unigue among species in many ways; as such, ararsigver incorporated into
the broader folk taxonomy? Are humans seen asagirnol other species in some
ways, and unique in other ways? How do these Isetikhnge over the course of
development? In this paper | examine these questibg focusing on
developmental changes in perceived similarity betwleumans and other animals.
| also focus on two related questions: to what eegtoes the perceived similarity
of humans to other animals depend on the natugnafarity being considered,
and to what degree is perceived similarity moddldg sensitivity to intermediate-
level animal categories?

Humans’ place in folk biological taxonomy

According to geneticists, humans are African gegeds. Our closest living
relatives are chimpanzees and bonobos, with whorshaee a common ancestor
that lived c. 5-8 million years ago. Indeed, we amere closely related to
chimpanzees and bonobos than either of those ateetgorilla, our next closest
primate relative. However, folk biological taxon@si—particularly those found in
industrialized western societies—tend to see hunaangssentially separate from
other species. Indeed, on some accounts, learhgdghtumans are biologically
“one animal among many” is a major developmentésione in the acquisition of
biological understanding.

For example, according to the “conceptual changeiv\irst outlined by
Susan Carey in her seminal 1985 book (see alsoyCa885; Carey & Spelke,
1996; Johnson & Carey, 1998) children's understandif animals is initially
embedded in the core domain of intuitive psychologyerein behavior and
intention rather than biological process are thetreé components. On this view,
because behavior and intention are central andusegaeople are the prototypical
intentional behaving beings, children view humassparagons of the animal
world, and consequently children's understandingarad reasoning about other
animals is largely anthropocentric, or framed iference to, or by analogy to,
human beings. Humans are used as the biologicatlatd of comparison not
because they are the most accessible animals, dngube “these [biological
processes] are fundamentally activities of peoplther than of all animals.”
(Carey, 1985, p. 113). Put another way, “...animals dhildren of this age are
fundamentally deficient variants of the prototypiceehaving beings, people.”
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(Carey & Spelke, 1996, p. 525). This view sugg#sas young children possess an
understanding of biological phenomena incommensurath that of adults, and
that pervasive conceptual change is necessaryhitdren to acquire the adult
model in which humans are seen as biologically anienal among many. This
conceptual change takes place between the agearaf 40, and involves (among
other things) differentiating the biological andygisological construal of animals,
and coming to see humans as biologically just araghimal despite their unique
behavioral and psychological repertoire.

One source of support for this view is the resaoft@ property projection
task where children were taught a new fact abogitven biological kind (e.g., a
dog "has an omentum") and asked whether other Kandgd, a fish, a plant) share
that property (Carey, 1985). Results suggest thatams function as a prototypical
yet distinct animal for young children, and arerdffiere consistent with the view
that prior to age 10, children's conceptions of tiaural world are indeed
anthropocentric. First, on average projections froaman were stronger than
projections from other living things. Second, sfiecasymmetries in projection
emerged, such that (for example) inferences fnomanto dogwere stronger than
from dog to human Finally, children's reasoning followed strikingphations of
similarity, such that (for example) inferences frémmanto bug were stronger
than frombeeto bug These patterns suggest thatnanis a privileged inferential
base for the children Carey studied. “The protatgliily of people plays a much
larger role in determining... projection of havingspleen than does similarity
among animals” (p. 128). Although differing in theheoretical interpretation,
Inagaki and Hatano (2002) also present evidenceé ¢hédren reason about
nonhuman living things by analogy to humans. Togetthese results suggest that
for young children, in contrast to older childremdadults, the categohumanis a
privileged analogical base for the projection oblbgical properties, which is
consistent with the conceptual change view.

However, some recent results challenge the uniigrsaf this
characterization. Rather than being diagnostic eépdconceptual commitments,
anthropocentrism may instead reflect a lack of Kedge about the biological
world. Indeed, some evidence suggests that childtem are more familiar with
certain living kinds prefer to use knowledge of gdokinds in reasoning.
Specifically, Inagaki (1990) shows that childrenontaised goldfish tended to
reason about a novel aquatic animal (a frog) byoaato the goldfish, whereas
children who did not raise a goldfish reasoned alibe frog via analogy to
humans. Likewise, Ross et al. (2003) show that raptitentric reasoning,
although pervasive and developmentally tenaciousngmurban majority culture
children, was greatly mitigated among rural majociilture children and virtually
absent among rural Native American children. Thusppears that early folk
biology is neither universally nor inevitably argpocentric.

In sum, the conceptual change view suggests thégratanding of living
things undergoes a developmental shift from a psyaghavioral to a biological
framework between the ages of 4 and 10. Becausavimehand intention are
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central to children’s conceptions of people andrats prior to this shift, humans
should be viewed as both prototypical and as yttanlque. Although more recent
findings have challenged the universality of thisw; few studies have directly
examined developmental changes in perceived sityilamong humans and other
animals. The predictions of the conceptual chariges\are clear; development
should entail an increasing tendency to see huraankiologically one animal

among many.

In one study that did directly address this questimhnson, Mervis, and
Boster (1992) found that while adults and childegmeed on similarity relations
among mammals in general, they differed in thatitadeerceived humans to be
much more similar to nonhuman mammals, and to ges@ particular, than
children did. Seven-year-olds, 10-year-olds anceugrdduates were shown sets of
three pictures of mammals and asked to point tavein each set that are “most
like the same kind of thing”. In general, childrand adults perceived the same
similarity relations among animals, and these i@hat corresponded to scientific
classification equivalently.

However, children and adults differed regarding cpeted similarity
among humans, non-human primates (gorilla, monké&ynpanzee), and non-
primate mammals (e.g. tiger, dog, elephant). Masalsly, for triads containing a
human, a non-human primate, and a non-primate manachats were more likely
than children to pair the human with a non-humamaie, and isolate a non-
primate mammal (mean 68% of trials for adults veral% of trials for children)
whereas children were more likely to pair the nomhn primate with the non-
primate, and isolate the human. Also, for triadsitaiming two non-human
primates and a non-primate animal, adults were rfikegy than children to pair
the two non-human primates and isolate the nongignanimal (mean 95% of
trials for adults versus 67% of trials for childyefinally, for triads containing a
human and two non-primates, adults were more likkhn children to pair a
human with one non-primate, and isolate the ottwr-primate (mean 18% for
adults versus about 6% for children).

Whereas in general, children and adults agreedhersimilarity relations
among mammals, adults considered humans to be iker¢he other mammals
than children did. Adults also perceived more snitles between humans and
non-human primates, and among non-human priméias,children did, indicating
the primary developmental difference was the “eraecg of a new category of
primates.” The authors imply that children mustrieavhere humans fit in the
animal world before incorporating them; after acing primate as a “salient
intermediate-level category,” they can learn thatmhns are primates, and
therefore one animal among many.

In sum, the developmental differences documented]diynson et al.
(1992) are consistent with the conceptual changavvin that humans are
increasingly seen as one animal among many. Howewer problem with these
studies is that it isn’'t clear what kind of simitgrparticipants used as the basis for
their judgments. Given the conceptual change pmipalsout children’s lack of
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differentiation between biological and psychologicanstruals of living things, it
is conceivable that Johnson et al.’s (1992) padicis over the age of ten based
their responses on what they saw taglogical similarity of species, whereas
younger subjects based responses on some spsyofiologicalsimilarity among
the animals. In other words, the wording of thestioa “which of these is most
like the same kind of thing” was not clear enoughallow the basis of subjects’
judgments to be pinpointed, and moreover, thereason to expect systematic
differences therein.

Different kinds of similarity

As discussed above, the conceptual change viewesrghildren's early
conceptions of animals are imbedded in a psychcdbgather than a biological
conceptual framework. This position would prediwttprior to age 10 children’s
taxonomic judgments of what animal species weret siogilar would be heavily
influenced by the degree to which such species vdemed psychologically
similar.

Again, more recent evidence has qualified this tmosi By kindergarten
and perhaps earlier, children are able to seldygtivglize taxonomic similarity
among species to guide inferences about novel plogscal properties, and
ecological similarity to guide inferences aboutedise (Coley et al., 2005; Vitkin,
Vasilyeva, Coley, Baker, & Ciampanelli, 2007). Thigggests that from relatively
early in development, children are sensitive toeptéally orthogonal relations
among living things. More to the point, Coley (19%5owed that well before the
age of 10, children showed different patterns ¢fitattion for biological versus
psychological properties across living things. Ebildren as young as age 6,
taxonomic groups (e.g.mammal bird) predicted attribution of biological
properties (e.g, "has blood") whereas behavioraugs (vild predator domestic
ped predicted attribution of psychological propertiesg., "is smart"). Likewise,
Gutheil, Vera, & Keil (1998) showed that for presolers, attribution patterns for
properties like “eats,” “has a heart,” and “thinkdiffered markedly when the
properties were presented in a biological verspsyahological context. Together,
these patterns suggest a principled distinctiorwéet the psychological and
biological construal of animals may be in place mearlier than predicted by the
conceptual change account.

Although patterns of property attribution suggdsattchildren may be
capable of non-psychological construal of animalemf relatively early in
development, researchers to date have not directhiypared different kinds of
similarity judgments. If the conceptual change piosiis correct and folk biology
and folk psychology coincide for young childrengniijudgments of folk biological
taxonomic similarity among animals should show shene patterns as judgments
of psychological similarity among animals. Alterwaty, if children’s taxonomic
construal of biological ontology is not solely basen psychological properties,
then judgments of taxonomic similarity might diffdrom judgments of
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psychological similarity. Distinct conceptual frawmrks in these domains could
support distinct biological and psychological semity metrics for animals.

Emergence of intermediate-level animal categories

Johnson et al. (1992) argue that the integrationhwians into the
biological domain as “one animal among many” reegiithe emergence of an
intermediate-leveprimate category. This highlights another important aspct
emerging folk biological ontology, which is the deg to which animals are
subdivided into salient intermediate kinds. Botlsibdevel kinds dog, tre¢@ and
higher-order global categorieanimal, plany emerge early in development (Booth
& Waxman, 2003; Mandler & Bauer, 1988; Mandler & Dmough, 2000;
Waxman, 1990). However, there are also salientrrimediate-level biological
categories (e.g.mammal, bird, reptile, fish, byigthat contribute to the rich
taxonomic structure of the biological domain (eRgerlin, 1992). The emergence
and use of these categories is an important milesito the development of folk
biological reasoning.

Ross et al. (2003) document developmental chamgéeidegree to which
children’s projection of novel properties amongidy things are sensitive to
intermediate-level biological categories. They taughildren novel properties
(involving a hypothetical internal substance) swicbe true of humans, wolves,
bees, and plants (goldenrod), and asked whethesrtperty was likely to also be
true of a range of higher animals (mammals, birdptiles), lower animals (fish,
invertebrates), plants, and inanimate objects.elmegal, results showed that these
intermediate categories increasingly guided infeesnas children got older. For
example, for urban 6-year-olds, projections framif were equally high to other
higher animals, lower animals, and plants, albajhér to these groups than to
inanimate objects, whereas for urban 8- and 10-gkts, projections from wolf
were strongest to higher animals, and then shoel@bte decreases in strength to
lower animals, plants, and inanimate objects, espdy. This suggests that the
global category “living thing” was guiding 6-yealds’ inferences, whereas a more
differentiated sense of phylogenic distance amadmong things was guiding
inferences for older children. Likewise, InagakidaBugiyama (1988) show an
increase in categorical attribution of human chiarstics to other living things.

Thus, it appears that intermediate-level biologicaltegories emerge
between the ages of 6 and 8 among urban childress(Bt al., 2003 find that these
distinctions are in place by age 6 among ruraldekil.) Of present interest is the
degree to which such intermediate distinctions mmgyact judgments of similarity
of humans to non-human species. It has been wellrdented that similarity
judgments are context sensitive (see, for exampiegrsky 1977, Medin,
Goldstone, & Gentner, 1993). Of interest is whethbildren’s judgments of
taxonomic and psychological similarity among humand animals are likewise
sensitive to context, and in particular the deg@evhich such judgments are
influenced by intermediate categories (in particul@lmmalversusnon-mammal
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If human/non-human is an absolutely ontologicatinésion, then humans should
never be seen as similar to non-humans, regardfetbee disparity between non-
human species on a given trial. In contrast, ifiraermediate-level concept like
mammal that includes both humans and non-humans is infynsimilarity
judgments, then a non-human mammal might be deenoed similar to a human
than to a taxonomically distant creature, like resect.

Specific Research Questions

The present experiment focused on the degree tchwhimans are seen to
be taxonomically and psychologically unique, thgrde to which such judgments
are influenced by intermediate animal categoriesl developmental changes in
these processes. The experiment addresses thesioasiby comparing responses
of preschoolers, elementary-school students, anlfsadn tasks requiring them to
match two out of three animals on the basis of Ipslagical and taxonomic
similarity. The experiment uses the basic paradandohnson et al. (1992), but
focuses on the human/nonhuman primate/non-primaitead triads where they
found clear developmental changes.

Previous work makes clear predictions about dewvety changes in
taxonomic similarity. The conceptual change viewdaseloped by Carey and
others (e.g., Carey, 1985; Carey & Spelke, 1996yelkas the empirical results of
Johnson et al. (1992) suggest that younger childieould see humans as
taxonomically distinct from other animals (i.e.tao all the “same kind of thing”),
whereas older children and adults should see huemtexonomically one animal
among many.

The investigation of psychological similarity isweb, and so it remains an
open question how children (and adults) will camstpsychological similarity
among humans and other animals. However, Caregsi@o makes the relatively
clear prediction that among younger children respento questions about
taxonomic and psychological similarity should ndaffest. If children’s early
ontology of living things is essentially psychologii in nature, then asking
children about taxonomic and psychological simijashould be tantamount to
asking the same question twice. In contrast, cterdly different responses on the
two tasks would suggest the existence of a biokdgratology that is not strictly
psychological in nature.

With respect to the degree to which intermediatenahcategories may
impact similarity judgments, it's important to ndteat Johnson et al. (1992) used
only typical mammals. Therefore a strict interptieta of their results is that
children tend to viewnon-human mammalkss more similar to each other than to
humans; what remains to be seen is whether childi®m all animals as more
similar to each other than to humans. By employrigrger range of non-primate
animals—including non-mammals likentipedeas well as mammals likackal—
the current experiment presents a more rigorous deshe claim that young
children see humans as different from all othemauté, or whether their judgments
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are influenced by intermediate-level categorieg lkammal If the human/non-
human distinction is the major influence on peredisimilarity, children should
consistently isolate the human, and group togetiven taxonomically disparate
nonhuman species (e.g., gorillas and centipedds} Would provide stronger
evidence that children see humans as unique amoimgaig. Alternatively, if

mammalhas emerged as a salient intermediate-level cgteparticipants might

judge humans and primates more similar when caettawith a non-mammal
(e.g., bird) than when contrasted with a third mahrin other words, if humans
and primates are judged more similar than eithetoibird, this suggests the
emergence of a mammal category thought to inclbdds humans and primates.

METHOD

Participants

A total of 90 participants were involved in thisidy. These fell into five
age groups: 16 preschoolers (ages 3.95 to 5.0%,yewan age 4.49 years), 13
kindergartners (5.65 to 6.48]=5.90), 26 2 graders (7.49 to 8.464=7.96), 19
3graders (8.50 to 9.7M=8.90), and 16 undergraduate students (18.54 &622.
M=20.15). Participants were recruited from a unitgnsin preschool, a parochial
elementary school, and undergraduate psychologysetaat two Midwestern
universities in the USA.

Materials

Materials consisted of 24 pictures of animals &nochans, each roughly
5.1 x 7.6 cm, mounted onto 10.2 x 15.2 cm indexdsaand laminated. The
stimulus set consisted of eight pictures of humaight pictures of nonhuman
primates, and eight pictures of non-primate animidisreafter for clarity (albeit
not strict biological accuracy) these pictures wik referred to as “human”,
“primate”, and “animal”, respectively. The humansres all shown from the head
or shoulders up, and varied in apparent race, geadd age. The primates were
all monkeys or apes, and the non-primate animggesented various phylogenic
classes from mammals through invertebrates. Spaltifithe non-primate animals
included four mammalsjgckal, chinchilla, orca, batand four non-mammals,
including a bird gparrow), a reptile ¢ollared lizargd and two invertebratedée,
centipedg Two sets of two training triads each were alsedis boy/girl/shirt,
lion/tiger/sunflower, and sow/piglet/lamp, polarbtblack bear/trout.

Design

The experiment consisted of a taxonomic similarigsk and a
psychological similarity task, presented in couddanced order. Pictures were
presented as triads; each triad included one anwnal human, and one primate.
The specific primate or human picture that accoriggheach animal picture was
determined randomly for each participant, as wasadttder of presentation. Triad
order and composition were held constant acroks fas each participant.
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Procedure

All subjects were tested individually. Children wetested during school
hours, in a quiet room away from their classroondulés were tested by
appointment. A training task immediately precedeathe similarity task; each
training task utilized one set of training triadsd pairing of training sets with
tasks was counterbalanced.

Training for the taxonomic similarity task was ¢adrout as follows. First,
the subject was told, “OK, look at these pictur@sg tell me which two are the
same kind of thing.” They were shown the firstrirag triad. Correct responses
were encouraged with the words, “That'’s right! Tehésdicating pigs or children)
are both the same kind of thing and this (shifaarp) is a different kind of thing.
Good job. Let's try another one.” They were thepveh the second triad, asked
the same question, and responded to similarly siMijects were correct on both
taxonomic training trials. The taxonomic similariask was presented immediately
after the taxonomic training task. Subjects werewsheach of the 8 triads, and
asked for a judgment of taxonomic similarity (“Whitwo of these are the same
kind of thing”). If reluctant, subjects were encaged to make a choice.

In the training for the psychological similaritysta children were first
encouraged to give separate examples of both thewgid feelings. Then they
were told, “I'm going to show you some picturessome things, and | want you to
tell me which two think and feel the same way.” ¥theere then shown the first
training triad. If they responded correctly, thegre told. “That’s right, these two
think and feel the same way, because they canthotk about what they want to
do tomorrow and this can’t, and they can both rebwmwhat they had for
breakfast and this can’t, and they can both fepphiar sad and this can't, right?”
All but two subjects were correct on the first miag trial. These subjects were
shown the correct response and given the samdigagtn for the response.
Subjects were then shown the second triad, askethke the same judgment, and
given similar feedback. All subjects were correattbe second training trial. The
psychological similarity task was presented immisdjaafter the psychological
training task. Each subject was shown the samm@dstthat were presented in the
taxonomic similarity task, and asked for a judgmehipsychological similarity
(“Which two of these think and feel the same way@ain, if reluctant, subjects
were encouraged to make a choice.

RESULTS
Scoring

On each trial, subjects chose which 2 of the 3updst went together,
yielding three possible responses: participants$dcgroup the human and primate
as most similar, isolating the animal (an HP respdror group the primate and
animal together, isolating the human (a PA respoosdinally, they could group
the animal and human together and isolate the peirfen AH response). Each
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subject was given a score reflecting the relatnegjdency of each response for
both the psychological similarity trials and foettaxonomic similarity trials.

To assess individual response patterns, each ipariicwas characterized
as using a consistent response pattern if they tiredgame response on 6 or more
out of their 8 responses (binomined.05 with probability 1/3). Thus, each subject
was classified as consistently showing an HP, RAAl pattern, or showing no
consistent pattern on each task. Frequencies d¢f pattern are summarized in
Table 1.

Table 1.
Frequency of consistent response patterns for eaeh group on the taxonomic and
psychological similarity tasks.

Taxonomic Similarity Psychological Similarity

4-year-olds (N=16)

Primate + Animal 15 (94%) 6 (38%)
Human + Primate 1 (6%) 2 (13%)
Human + Animal 0 2 (13%)
Inconsistent 0 6 (38%)
5-year-olds (N=13)
Primate + Animal 10 (77%) 7 (54%)
Human + Primate 0 0
Human + Animal 0 1 (8%)
Inconsistent 3 (23%) 5 (38%)
7-year-olds (N=26)
Primate + Animal 18 (69%) 15 (58%)
Human + Primate 3 (12%) 1 (4%)
Human + Animal 0 0
Inconsistent 5 (19%) 10 (38%)
8-year-olds (N=19)
Primate + Animal 8 (42%) 7 (37%)
Human + Primate 3 (16%) 6 (32%)
Human + Animal 0 0
Inconsistent 8 (42%) 6 (32%)
Undergraduates (N=16)
Primate + Animal 10 (63%) 3 (19%)
Human + Primate 3 (19%) 10 (63%)
Human + Animal 0 0
Inconsistent 3 (19%) 3 (19%)

Taxonomic Similarity
By far the most common response choice on the tarantask (76% of

responses across age groups) was to group theterand animal together as the
“same kind of thing,” and isolate the human (segufé@ 1). To examine whether
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responses differed from chance, one-way t-test® wenducted comparing each
cell to a hypothesized mean of .333. Results oot that all age groups chose
PA responses at above-chance levels, and AH respaitsbelow-chance levels
(p<.005). Four, 5- and 7-year-olds chose HP respoasdselow-chance levels
(p<.005 for 4- and 5-year-oldpg.05 for 7-year-olds), whereas HP response rates
for 8-year-olds and undergraduates did not diffemf chance.

Taxonomic Similarity
1.0

=€ Primate + Animal

=B Human + Primate

====®== Animal + Human
0.8 T

0.6

0.4 T
/Ei; =~
7
0.2 z l

0.0

Relative Frequency of Response

4-yr-olds
5-yr-olds
7-yr-olds
8-yr-olds
Undergrad )

Age Group

Figure 1.
Mean relative frequency of PA, HP and AH resporisegach age group on the taxonomic
similarity task.

One-way ANOVAs comparing the frequency of each oesp across age
groups confirmed an age-related increase in HROresgs £ s572.92, MS=.090,
p=.026; 4- and 5-year-olds chose HP responsesriegsently than 8-year-olds and
Undergraduates, Fisher PL$R.05). They also confirmed an age-related decrease
in AH responsesHy ss=2.67, M&=.010, p=.038; although such responses were
quite rare, they were chosen more often by 5-y&s-than any other age group,
Fisher PLSDp<.05). PA responses did not differ reliably by age.

These developmental differences were corroboratemblrelation analysis
using Fisher's; across all subjects, frequency of HP responsgeased with age,
reo=-216, p=.041. Importantly, the correlation was not anfacti of differences
between adults and children; with adults removied,mhagnitude of the correlation
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increasedr(z4=.337,p=.003); moreover, with adults removed the frequesici A
responses was negatively correlated with agg=-.289,p=.012.

Analysis of consistent response patterns for tiiernamic task likewise
confirmed the preference for PA responses (seeeThpl one-way Chi Square
analyses revealed that consistent PA responsesmane frequent than expected
given a null hypothesis of equal probability of legmossible response pattern for
each age groupX{z>9.84,p<.02); a 5 (Age) x 4 (Pattern) Chi Square analysis
revealed only a marginal age difference in conststesponse patterns(s,
n=00~14.13p=.078). Examination of post-hoc cell contributicsteowed that this
effect was largely driven by higher than expectedjiiency of PA patterns by 4-
year-olds and inconsistent patterns by 8-year-olts] lower than expected
frequency of inconsistent patterns by 4-year-olt$ BA patterns by 8-year-olds.

Psychological Similarity

The most common response for younger children empsdychological task
was to group the primate and animal together aisKimg and feeling the same
way,” and isolate the human, but this shifted mdikevith development (see
Figure 2). To examine whether responses differechfchance, one-way t-tests
were again conducted comparing each cell to a hgstted mean of .333. Results
suggest pronounced developmental changes on this (&l p<.0001 unless
otherwise noted). For 4-year-olds, no responsesrdiff from chance. For 5-year-
olds, PA responses were above chapeed(5), HP responses were below chance
(p=.007), and AH responses did not differ from char@® the remaining groups,
AH choices were all below chance. Additionally, fityear-olds PA responses
were above chance, and HpP=(022) responses were below chance. For 8 year
olds, PA and HP responses did not differ from cbamnehereas for adults, HP
responses were above change 02) and PA responses were at chance.
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Psychological Similarity
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Figure 2.
Mean relative frequency of PA, HP and AH responga@seach age group on the
psychological similarity task.

One-way ANOVAs comparing the frequency of each oesp across age
groups confirmed an age-related increase in HROresss It (4 s5=8.36,MS=.098,
p<.0001; 4-, 5-, and 7-year-olds chose HP respolesssfrequently than 8-year-
olds, who chose them less frequently than undevgitad, Fisher PLS[P<.05).
They also confirmed an age-related decrease in Aspanses Hy ss=5.50,
MS:=.043,p<.001; such responses were chosen more often IBadelds than by
7 or 8-year-olds or undergraduates (Fisher PIp8I02), and more often by 5-
year-olds than by undergraduates, Fisher PpSD2). Finally, they confirmed the
curvilinear trend in PA responses seen in FigufleZss=2.80,MS=.163,p=.031;
such responses were more common for 7-year-olds fthra4-year-olds, 8-year-
olds or undergraduates, and more common for 5-¢telsrthan for undergraduates,
Fisher PLSDp<.05).

These developmental differences were again coratedrby correlation
analysis. Across all subjects, frequency of HP oasps increased with age,
reo=-474,p<.0001, and frequency of AH and PA responses dsecewith age,
I'eo=--353,p<.001 andro=-.217,p=.039, respectively. With adults removed, the
correlations for HP r(z,=.233, p=.046); and AH responses{=-.363, p=.001)
persisted.

Analysis of consistent response patterns for thgchasogical task
reinforced the marked age differences reported alfsge Table 1); one-way Chi
Square analyses revealed that the observed pditgribution for 4-year-olds did
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not differ from expectations generated from a myibothesis of equal probability
of each possible response pattexfs(n-1674.00,p=.261). For 5- and 7-year-olds,
consistent PA and inconsistent patterns were velgtirequent, and consistent AP
and AH patterns were rare; 3>10.08, p<.02). For 8-year-olds, HP, PA and
inconsistent patterns were equally frequent andiH@atterns were observed; this
was marginally different from the expected disttion, Xz(s, N=107-0.47, p=.091.
Finally, undergraduates strongly favored a consisttP patternX’s n-16713.50,
p<.004. A 5 (Age) x 4 (Pattern) Chi Square analgsisfirmed these age effects
(Xz(lg,,\,:go):33.38,p<.001). Examination of post-hoc cell contributisi®wed that
this effect was largely driven by higher than expddrequency of AH patterns by
4-year-olds and HP patterns by undergraduatesioaret than expected frequency
of HP patterns by 5- and 7-year-olds, and of PAepas by undergraduates.

Differentiation of Taxonomic and Psychological Simarity

The degree to which participants at different agsponded differently to
the taxonomic and psychological tasks showed &irglyicurvilinear pattern;
differentiation was strongest among youngest awmstl participants. To further
examine these patterns, 2 (Task) x 5 (Age) mixedXNs were conducted on the
frequency of each type of response. These revdalskl x Age interactions for PA
(Fass572.78, M&=.085, p=.032), HP F4,5=3.17, M&=.059, p=.018) and AH
(F(a.8574.43,MS=.023,p=.003) responses. T-tests were used to comparenssp
profiles on the taxonomic and psychological tasksdach age group; Figure 3
depicts difference scores computed by subtractiegelative frequencies of each
type of response on the psychological task fronréteive frequency of the same
response on the taxonomic task.

0.60

0.40

0.20

0.00

Difference Score

-0.20

Iy
ks

4-yr-olds 5-yr-olds 7-yr-olds 8-yr-olds Undergrad

-0.40

Primate + Animal
Human + Primate
Animal + Human

OEE

-0.60

Age Group

Figure 3. Mean difference between relative freqyesfcPA, HP and AH responses on the
taxonomic task and on the psychological task fahesge group. Positive scores represent
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higher relative frequency on the taxonomic taslgative scores represent higher relative
frequency on the psychological task.

Four-year-olds showed clearly differentiated resgsmo the two tasks. As
reported above, this age group showed a strongnerafe for PA responses on the
taxonomic task, and no modal response on the pkygibal task. Accordingly, t-
tests revealed that PA responses were more frequethie taxonomic task than on
the psychological taski{s=4.18,p<.001), and that HP and AH responses were
more frequent on the psychological task than tkertamic task t(;s=2.37,p=.032
andts=3.45,p=.004, respectively).

Older children showed markedly less differentiatibor 5-year-olds, HP
responses were more common for the psychologisél ttaan for the taxonomic
task €q2=2.27, p=.042), but there were no task differences for PA Ad
responses. For 7- and 8-year-olds, t-tests reveatedask differences on any
measure.

Undergraduates, like 4-year-olds, showed clearffemintiated responses
to the two tasks. For them, PA responses were fnegaent on the taxonomic task
than on the psychological task.4=2.86, p=.012), HP responses were more
frequent on the psychological task than the taxaodask {:5~=2.91,p=.011) and
AH responses did not differ for the two tasks.

Emergence of Intermediate Categories

To examine the emergence of intermediate-level ah@ategories, scores
were divided based on whether the animal in thedtwas a mammalackal,
chinchilla, orca, and battems) or a non-mammakgarrow, lizard, beeand
centipedetems). These scores are presented in Figure 4ledsribed above, we
hypothesized that human-primate-mammal triads miginphasize similarities
between primates and other non-human mammals, afdreman-primate-non-
mammal trials might emphasize similarities betwbhamans and primates. If so,
participants utilizing the intermediate categomgmmalshould be more willing to
group a primate with a human when the third anisialnon-mammal than when it
is a mammal. Thus, HP responses should be moreenédor non-mammal items
than for mammal items. This difference was relidbleadults {;5=2.91,p=.011)
and 8-year-oldstfs=3.88,p=.001), but not for younger children.
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Mean relative frequency of HP and PA responsesdoh age group on the mammal versus
non-mammal triads.

Likewise, participants who are sensitive to phylugestructure should be
more willing to group a primate with another mamrien with a non-mammal.
Thus, PA responses should be more frequent for ngnitems than for non-
mammal items. This difference was again reliableddults {,5~2.67, p=.017)
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and 8-year-oldstfs=2.55,p=.020), but not for younger children.
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DISCUSSION

These results show that between the ages of 4 &nch@mans are
consistently seen as taxonomically unique, althotighminority of participants
who view humans as taxonomically one animal amorapymincreases with
development. During the same time period, confusaout psychological
similarity among humans and other animals gives teaypeliefs about human
psychological uniqueness, which in turn give waypkrceived psychological
affinity between humans and other primates. Togethese two trajectories define
a non-linear pattern of differentiation between cpered taxonomic and
psychological similarity among humans and othermafs. Finally, results
document that humans may be integrated into bicébgbntology via the
emergence of an intermediate-lem@mmalcategory around age 8.

Developmental Changes in Perceptions of Taxonomidrfilarity

Responses to the taxonomic similarity task showetarkable consistency
across development. For all age groups, the pesfeanswer to “which two of
these are the same kind of thing” was the animdl the primate. This clearly
indicates that all participants—preschool througldargraduate—saw humans as
taxonomically unique. Despite the near-unanimityprdference for this response,
there was also a marked increase in the frequefagsponses that grouped
humans and primates together as the “same kinkirgg,t reflecting an increasing
belief that humans are taxonomically one animal rgnmany. These responses
were more prevalent among 8-year-olds and undengtad than among younger
children. Interestingly, this remained a minorityesponse even among
undergraduates, and there was essentially no chiangsponses between ages 8
and 20.

This finding is consistent with the conceptual dmosition articulated
by Carey (1985) and others that development of i@kogical thought involves an
emerging understanding that humans are biologicaily animal among many, in
that the major developmental trend is an increlagkd frequency of responses that
group humans and primates together. However, tressdts also suggest that, if
anything, the conceptual change position might estimate the degree to which
spontaneous conceptual change regarding humangileged status in folk
biological taxonomy ever takes place. Despite hqwvigceived over a decade of
additional science education, undergraduates wemare likely than 8-year-olds
to judge humans as one animal among many. Indeesk tresults suggest that the
largest discontinuities in the nature of biologicaitology might exist between
adult lay people and adult scientists formally rtegi in modern genetics and
evolutionary theory, rather than between adult papple and children. In other
words, changes in the position of humans relatvether animals may emerge not
as a result of conceptual development per se,@mn as a result of typical science
education, but rather as a result of specializaithitrg in evolutionary biology (cf
Atran, 1998). As such, further explorations of hgks between formal science

Cognition, Brain, Behavior 11 (2007) 733-756



750 J. D.Coley

education in biology and beliefs about taxonommilsirity among humans and
other species may be of particular interest. Anothieresting avenue for further
exploration is the potential impact of differentltawal belief systems on folk

biological ontology. Beliefs that emphasize humasentinuity (e.g., Ross et al.,
2003) or discontinuity (e.g., Evans, 2001) with thelogical world might lead to

very different ideas about the rightful place ofrtans in (or outside of) the animal
kingdom.

Developmental Changes in Perceptions of PsychologiSimilarity

In contrast to the continuity observed in belidisa taxonomic similarity,
responses to the psychological similarity task skebat least two different marked
developmental changes between the ages of 4 andr@8choolers’ responses to
the psychological task were essentially randomresponse differed in frequency
from chance, and though some individuals did shomsistent response patterns,
inconsistency was modal. This suggests a lack e$easus among 4-year-olds on
humans’ psychological similarity to other animdgtween the ages of 5 and 7,
we observed a sharp increase in the frequency oeBponses—and in the number
of children showing consistent PA patterns—and esponding decreases in HP
and AH responses, suggesting that the human varsosl dichotomy so clearly
evident in the taxonomic task was also influentialthe psychological task at this
age.

By age 8, however, we see the beginning of a sedemdlopmental shift.
This involves a sharp drop in the tendency to isothe human, and a sharp
increase in the tendency to see humans and primat@gsychologically similar.
This pattern seems to represent a transition frioen gervasive human-animal
dichotomy driving the responses of 5- and 7-yeds.0Moreover, it is important to
distinguish this pattern from the seemingly rand@sponses of the 4-year-olds.
For the preschoolers, no choice differed from cbaral three responses were
equally frequent, and as many children consistegitbhuped the human with the
animal (a somewhat inexplicable choice) as condistgrouped the human with
the primate. In contrast, for the 8-year-olds, Hf ®A responses were equally
frequent, there were virtually no AH responses, emusistent HP and PA patterns
occurred with roughly equal frequency. Clearly, &gear-olds were divided as a
group (and indeed, some were divided as indiviuagsto whether the primate
shared stronger psychological affinity with the tamor with the animal, but their
responses were more selective and systematic tmase tof the 4-year-olds.
Finally, undergraduates’ responses indicated a ecmus that psychologically,
humans are just another primate.

In sum, responses to the psychological similardagkt reveal a very
interesting and non-linear developmental trajectdBgtween ages 4 and 8,
children seem to go from having no consistent felbout psychological relations
among species to having very clear beliefs thatdansare psychologically unique
to being somewhat unsure whether humans are urdquike other primates.
Undergraduates, in contrast, seem to agree formmbst part that humans are
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psychologically similar to other primates. Thessuits seem to run somewhat
counter to expectations of the conceptual changsitipe, which would
presumably predict that, if animal concepts aren&rd psychologically early in
development, then children should show a stableudggical ontology from
early on, and that humans should maintain a ungmpsgtion in that psychological
ontology. It would be interesting to extend thigdst to age groups between 8 and
20, to complete the mapping of this developmemégécttory.

Differentiation of Taxonomic and Psychological Simarity

Results revealed a markedly curvilinear trajectdigr differential
responding to the two tasks. Preschoolers cleabpanded differently to the
taxonomic and psychological similarity tasks, altho these differences are
somewhat hard to interpret. On the taxonomic tabkjr responses clearly
demonstrated a belief that primates and animalshaésame kind of thing,” and
that humans are different. In contrast, preschebiesponses on the psychological
task, although clearly different from their respesmson the taxonomic task,
revealed no consensual beliefs. On the whole, poeders’ responses reflect a
belief in the taxonomic uniqueness of humans calipligh a lack of consensus on
humans’ psychological status vis-a-vis nonhumamats. What remains unclear,
however, is whether this pattern of results reprissex principled distinction
between two distinct ways to think about relatibesveen humans and animals, or
whether it represents clear beliefs about taxonosimilarity coupled with
agnosticism or lack of understanding about psyaiokb similarity.

Such questions of interpretation are moot for ¢hitdbetween the ages of
5 and 7 who showed little systematic differentiatiof their responses on the
taxonomic and psychological similarity tasks. Orihbtasks, 5- and 7-year-olds
showed a strong preference for PA responses, itmaica consistent belief that
humans are unique both taxonomically and psychcidigi

Arguably, 8-year-olds’ responses show the begimiofdifferentiation.
On both tasks, 8-year-olds show evidence of aneasing awareness of the
similarities between humans and primates, and théed seems especially
pronounced for psychological similarity. Althougliredtt statistical comparisons
revealed no differences in the two conditions, R8ponses were more frequent
than HP responses on the taxonomic task, but nohéopsychological task.

Adults showed the clearest evidence of beliefs thahans’ taxonomic
relations with other species differ from their psglogical relations. For the
taxonomic similarity task, adults favored PA respes) indicating a belief that
non-human primates and non-primate animals weréstime kind of thing,” and
that humans are taxonomically unique. In contfastthe psychological similarity
task, adults favored HP responses, indicating ieftidlat humans and non-human
primates “think and feel the same way,” and thah-pomate animals were
psychologically different. This clearly shows tlaalults perceive different patterns
of relations among animals depending on whethesehelations tie into a
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(presumably biological) taxonomy of species or iat®ystem of psychological
abilities.

Overall, then, there is clear evidence that additferentiated between
psychological and taxonomic similarity on this tasikle evidence for such a
differentiation among children between the ages5otind 8, and equivocal
evidence of differentiation among 4-year-olds. I& witerpret the 4-year-olds’
performance conservatively, taking their lack ofngistent responding to the
psychological task as evidence for lack of undeditey and therefore lack of
differentiation, then results depict a relative stho and late-emerging
differentiation of biological and psychological abruals of living things. At first
glance this seems consistent with the conceptwalgd prediction that prior to age
10, children’s understanding of animals conflatésldgical and psychological
principles. However, a closer look reveals somerdigancies. First, extrapolating
from the conceptual change view, at least as adliby Carey (1985, 1995),
young children should have clearer views about manapsychological
unigueness, in so far as knowledge of animals isally embedded in a
psychological framework. However, results of thisdy reveal clear beliefs about
human taxonomic uniqueness but somewhat muddledf$about psychological
similarity among preschoolers. Second, although fmeling of increased
differentiation with development is consistent witle conceptual change view, the
nature of that differentiation is not. Specificallihe conceptual change view
suggests that development should entail changesroeived taxonomic similarity,
and specifically the emergence of a sense that hsinage taxonomically one
animal among many, whereas the present resultsestigbat beliefs about
humans’ taxonomic uniqueness are persistent, anthtjor developmental shift is
in beliefs about the psychic unity of primates.ded, it is particularly interesting
that for undergraduates, this differentiation tatkesform of believing that humans
are taxonomically unique yet psychologically likiner primates, when arguably,
the conceptual change position—as well as scienkifology—would seem to
suggest the opposite; humans are biologically jasbther primate, but
psychologically unique.

Alternatively, if we interpret the 4-year-olds’ pemmance more
generously, focusing instead on the fact that nesp® were very different on the
two tasks, then a number of very different issues raised. First, the early
differentiation is clearly counter to the predictio of the conceptual change
account. Second, we then have the puzzling fintliag the early differentiation
disappears among older children and then reemengesig undergraduates. It's
not immediately clear what mechanism might be resjide for such a trajectory,
although certainly such developmental patterns—fobgorganization to rigidity
to flexibility—are common in many areas of develan(e.g., Coley & Gelman,
1989).

At first blush, the apparent lack of obvious diéfetiation of biological and
psychological similarity among children in the gesstudy appears to contradict
previous findings suggesting an early differentiatiof biological and psycho-
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behavioral understanding of living things (e.g. ey 1995; Gutheil et al., 1998;
Inagaki & Hatano, 1993). However, it is importard point out that the
methodology employed in the present study spetlifiealdressed questions about
how humans fit into a folk taxonomy, whereas prasistudies differed in their
focus. For instance, as described above, Coley5jl@2used on the degree that
membership in orthogonal biological and psycholalicategories differentially
predicted beliefs about the distribution of biokagdi and psychological attributes
among non-human animals. Thus, the strong belidfuiman psychological and
taxonomic uniqueness in evidence among childrethigistudy does not rule out
an early differential understanding of biologicallgpsychological relations among
non-human animals. Rather, it suggests that sucheaaty understanding is
somewhat fragile, fragmentary, and undergoes eddioor with development.

Emergence of Intermediate Animal Categories

The results clearly show evidence for the emergerican intermediate
category ofmammalaround age 8. Specifically, children aged 7 andnger
showed no sensitivity whatsoever to phylogenics;lasether the animal member
of the triad was a mammal or not had no impact hair tresponses. The only
taxonomic distinction they honored was the humamhomonan distinction. It is
striking that younger children were more likelyjtmige a chimpanzee to be the
same king of thing as a centipede than to be theedand of thing as a human
being.

In contrast, 8-year-olds’ responses were clearlfluémced by the
phylogenic class of the animal member of the triadd moreover, provide
evidence that the categommammalwas guiding responses. Specifically—like
undergraduates and unlike younger children—8-yé&ds-avere more likely to
group a primate with a human when the alternatigs & non-mammal than when
it was a mammal. Likewise, 8-year-olds—like undedyates and unlike younger
children—were more like to group a primate with to@o animal when the animal
was mammal than when it was not.

These results qualify Johnson et. al.’s (1992) ifigdthat, when given
mammals only, 7- and 10-year-olds showed littledence making taxonomic
distinctions among mammals beyond that of humariragran. By using a broader
range of stimuli, the present study bolstered Johret al.’s claim about younger
children; in the present study, children youngett #ge 8 not only saw humans as
a uniquemammal but as a uniquanimal In contrast, the present study also
revealed among 8-year-olds a more sophisticatedwledge of taxonomic
distinctions among animals than predicted by Johesa@l.’s results.

Moreover, results of the present study suggest ¢hdtiren may not
initially fit humans into the animal kingdom via amerging intermediate category
of primate If so, they should see humans and primates atasias long as the
third animal is not a primate. Rather, these resaliggest that children first
establish an intermediate—likely unnamed—categofy neammal of which
humans and primates are both members, but withiohatumans occupy a unique
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position. This would explain why 8-year-olds bebBeprimates are more like
humans than like non-mammals, but more like nomaté mammals than like
humans.

CONCLUSIONS

These results are generally compatible with viewsdevelopment in the
biological domain that emphasize increasing conepdifferentiation with age
and experience (e.g., Carey, 1985; Coley, 1995;eyCoVitkin, Seaton, &
Yopchick, 2005). However, the specific nature of thocumented changes run
counter to predictions of the conceptual change vikdevelopment articulated by
Carey (1985, 1995) and others, whereas the lactlesr differentiation among
children emphasizes the relative fragility of eadligtinctions described by Coley
(e.g., 1995, Coley, Solomon, & Shafto, 2002) anderd. Indeed, one question
raised by these results taken together is whetteettargest discontinuities in the
development of biological thought are between tilk belief systems of children
and undergraduates, both of which see humans agiejnor between folk and
scientific taxonomies, which differ pointedly oretproper place of humans in the
animal kingdom. Another is the degree to whichetiéhces in cultural beliefs and
direct informal experience with nature, which h&een shown to have pervasive
effects in other areas of folk biological thoughight also influence the degree to
which humans are thought of as one animal amongman
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