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ABSTRACT
A triad oddity task was used to investigate developmental changes in perceived
similarity among animals and humans. Four, five, seven, and eight year-old children
and undergraduates were presented with triads consisting of a human, a non-human
primate, and a non-primate animal, and asked about taxonomic similarity (“which
two are the same kind of thing?”) and psychological similarity (“which two think
and feel the same way?”). At all age groups, humans were seen as taxonomically
unique. Beliefs about psychological similarity underwent marked developmental
change, from essentially random guessing to belief that humans were
psychologically unique to beliefs that humans were psychologically similar to other
primates. There was little evidence of differentiation between psychological and
taxonomic similarity among children. Younger children’s responses were apparently
guided solely by the human-nonhuman dichotomy, whereas older children and
undergraduates were also influenced by the category mammal. Results suggest
interesting continuities and discontinuities in the development of folk biological
thought, and between folk and scientific biology.
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One important challenge in the development of any conceptual domain is
establishing an ontology, or delineation of the basic entities that exist in that
domain and the important relations that hold among those entities (Wellman &
Gelman, 1992). In the domain of biology the ontology is particularly richly
structured (e.g, Berlin, 1992); with development, understanding of relations among
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biological kinds becomes increasingly complex and multifaceted. For example,
children become increasingly aware of plants’ status as living things (Richards &
Siegler, 1986), of taxonomic groupings of plants and animals at different levels of
hierarchy (Carey, 1985; Coley, Hayes, Lawson, & Moloney, 2004; Coley,
Solomon, & Shafto, 2002; Ross, Medin, Coley, & Atran, 2003), and of ecological
and causal relations among species that are potentially orthogonal to taxonomic
relations (Coley, Vitkin, Seaton, & Yopchick, 2005).
Another important development involves the way in which human beings
are incorporated into the folk taxonomy of living things. Clearly, humans are
unique among species in many ways; as such, are humans ever incorporated into
the broader folk taxonomy? Are humans seen as similar to other species in some
ways, and unique in other ways? How do these beliefs change over the course of
development? In this paper I examine these questions by focusing on
developmental changes in perceived similarity between humans and other animals.
I also focus on two related questions: to what degree does the perceived similarity
of humans to other animals depend on the nature of similarity being considered,
and to what degree is perceived similarity modulated by sensitivity to intermediatelevel animal categories?
Humans’ place in folk biological taxonomy
According to geneticists, humans are African great apes. Our closest living
relatives are chimpanzees and bonobos, with whom we share a common ancestor
that lived c. 5-8 million years ago. Indeed, we are more closely related to
chimpanzees and bonobos than either of those are to the gorilla, our next closest
primate relative. However, folk biological taxonomies—particularly those found in
industrialized western societies—tend to see humans as essentially separate from
other species. Indeed, on some accounts, learning that humans are biologically
“one animal among many” is a major developmental milestone in the acquisition of
biological understanding.
For example, according to the “conceptual change” view first outlined by
Susan Carey in her seminal 1985 book (see also Carey, 1995; Carey & Spelke,
1996; Johnson & Carey, 1998) children's understanding of animals is initially
embedded in the core domain of intuitive psychology wherein behavior and
intention rather than biological process are the central components. On this view,
because behavior and intention are central and because people are the prototypical
intentional behaving beings, children view humans as paragons of the animal
world, and consequently children's understanding of and reasoning about other
animals is largely anthropocentric, or framed in reference to, or by analogy to,
human beings. Humans are used as the biological standard of comparison not
because they are the most accessible animals, but because “these [biological
processes] are fundamentally activities of people rather than of all animals.”
(Carey, 1985, p. 113). Put another way, “…animals for children of this age are
fundamentally deficient variants of the prototypical behaving beings, people.”
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(Carey & Spelke, 1996, p. 525). This view suggests that young children possess an
understanding of biological phenomena incommensurate with that of adults, and
that pervasive conceptual change is necessary for children to acquire the adult
model in which humans are seen as biologically one animal among many. This
conceptual change takes place between the ages of 4 and 10, and involves (among
other things) differentiating the biological and psychological construal of animals,
and coming to see humans as biologically just another animal despite their unique
behavioral and psychological repertoire.
One source of support for this view is the results of a property projection
task where children were 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 (Carey, 1985). Results suggest that humans function as a prototypical
yet distinct animal for young children, and are therefore consistent with the view
that prior to age 10, children's conceptions of the natural world are indeed
anthropocentric. First, on average projections from human were stronger than
projections from other living things. Second, specific asymmetries in projection
emerged, such that (for example) inferences from human to dog were stronger than
from dog to human. Finally, children's reasoning followed striking violations of
similarity, such that (for example) inferences from human to bug were stronger
than from bee to bug. These patterns suggest that human is a privileged inferential
base for the children Carey studied. “The prototypicality of people plays a much
larger role in determining… projection of having a spleen than does similarity
among animals” (p. 128). Although differing in their theoretical interpretation,
Inagaki and Hatano (2002) also present evidence that children reason about
nonhuman living things by analogy to humans. Together, these results suggest that
for young children, in contrast to older children and adults, the category human is a
privileged analogical base for the projection of biological properties, which is
consistent with the conceptual change view.
However, some recent results challenge the universality of this
characterization. Rather than being diagnostic of deep conceptual commitments,
anthropocentrism may instead reflect a lack of knowledge about the biological
world. Indeed, some evidence suggests that children who are more familiar with
certain living kinds prefer to use knowledge of those kinds in reasoning.
Specifically, Inagaki (1990) shows that children who raised goldfish tended to
reason about a novel aquatic animal (a frog) by analogy to the goldfish, whereas
children who did not raise a goldfish reasoned about the frog via analogy to
humans. Likewise, Ross et al. (2003) show that anthropocentric reasoning,
although pervasive and developmentally tenacious among urban majority culture
children, was greatly mitigated among rural majority culture children and virtually
absent among rural Native American children. Thus, it appears that early folk
biology is neither universally nor inevitably anthropocentric.
In sum, the conceptual change view suggests that understanding of living
things undergoes a developmental shift from a psycho-behavioral to a biological
framework between the ages of 4 and 10. Because behavior and intention are
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central to children’s conceptions of people and animals prior to this shift, humans
should be viewed as both prototypical and as utterly unique. Although more recent
findings have challenged the universality of this view, few studies have directly
examined developmental changes in perceived similarity among humans and other
animals. The predictions of the conceptual change view are clear; development
should entail an increasing tendency to see humans as biologically one animal
among many.
In one study that did directly address this question, Johnson, Mervis, and
Boster (1992) found that while adults and children agreed on similarity relations
among mammals in general, they differed in that adults perceived humans to be
much more similar to nonhuman mammals, and to primates in particular, than
children did. Seven-year-olds, 10-year-olds and undergraduates were shown sets of
three pictures of mammals and asked to point to the two in each set that are “most
like the same kind of thing”. In general, children and adults perceived the same
similarity relations among animals, and these relations corresponded to scientific
classification equivalently.
However, children and adults differed regarding perceived similarity
among humans, non-human primates (gorilla, monkey, chimpanzee), and nonprimate mammals (e.g. tiger, dog, elephant). Most notably, for triads containing a
human, a non-human primate, and a non-primate mammal, adults were more likely
than children to pair the human with a non-human primate, and isolate a nonprimate mammal (mean 68% of trials for adults versus 21% of trials for children)
whereas children were more likely to pair the non-human primate with the nonprimate, and isolate the human. Also, for triads containing two non-human
primates and a non-primate animal, adults were more likely than children to pair
the two non-human primates and isolate the non-primate animal (mean 95% of
trials for adults versus 67% of trials for children). Finally, for triads containing a
human and two non-primates, adults were more likely than children to pair a
human with one non-primate, and isolate the other non-primate (mean 18% for
adults versus about 6% for children).
Whereas in general, children and adults agreed on the similarity relations
among mammals, adults considered humans to be more like the other mammals
than children did. Adults also perceived more similarities between humans and
non-human primates, and among non-human primates, than children did, indicating
the primary developmental difference was the “emergence of a new category of
primates.” The authors imply that children must learn where humans fit in the
animal world before incorporating them; after acquiring primate as a “salient
intermediate-level category,” they can learn that humans are primates, and
therefore one animal among many.
In sum, the developmental differences documented by Johnson et al.
(1992) are consistent with the conceptual change view in that humans are
increasingly seen as one animal among many. However, one problem with these
studies is that it isn’t clear what kind of similarity participants used as the basis for
their judgments. Given the conceptual change proposal about children’s lack of
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differentiation between biological and psychological construals of living things, it
is conceivable that Johnson et al.’s (1992) participants over the age of ten based
their responses on what they saw as biological similarity of species, whereas
younger subjects based responses on some sort of psychological similarity among
the animals. In other words, the wording of the question “which of these is most
like the same kind of thing” was not clear enough to allow the basis of subjects’
judgments to be pinpointed, and moreover, there is reason to expect systematic
differences therein.
Different kinds of similarity
As discussed above, the conceptual change view argues children’s early
conceptions of animals are imbedded in a psychological rather than a biological
conceptual framework. This position would predict that prior to age 10 children’s
taxonomic judgments of what animal species were most similar would be heavily
influenced by the degree to which such species were deemed psychologically
similar.
Again, more recent evidence has qualified this position. By kindergarten
and perhaps earlier, children are able to selectively utilize taxonomic similarity
among species to guide inferences about novel physiological properties, and
ecological similarity to guide inferences about disease (Coley et al., 2005; Vitkin,
Vasilyeva, Coley, Baker, & Ciampanelli, 2007). This suggests that from relatively
early in development, children are sensitive to potentially orthogonal relations
among living things. More to the point, Coley (1995) showed that well before the
age of 10, children showed different patterns of attribution for biological versus
psychological properties across living things. For children as young as age 6,
taxonomic groups (e.g., mammal, bird) predicted attribution of biological
properties (e.g, "has blood") whereas behavioral groups (wild predator, domestic
pet) predicted attribution of psychological properties (e.g., "is smart"). Likewise,
Gutheil, Vera, & Keil (1998) showed that for preschoolers, attribution patterns for
properties like “eats,” “has a heart,” and “thinks” differed markedly when the
properties were presented in a biological versus a psychological context. Together,
these patterns suggest a principled distinction between the psychological and
biological construal of animals may be in place much earlier than predicted by the
conceptual change account.
Although patterns of property attribution suggest that children may be
capable of non-psychological construal of animals from relatively early in
development, researchers to date have not directly compared different kinds of
similarity judgments. If the conceptual change position is correct and folk biology
and folk psychology coincide for young children, then judgments of folk biological
taxonomic similarity among animals should show the same patterns as judgments
of psychological similarity among animals. Alternatively, if children’s taxonomic
construal of biological ontology is not solely based on psychological properties,
then judgments of taxonomic similarity might differ from judgments of
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psychological similarity. Distinct conceptual frameworks in these domains could
support distinct biological and psychological similarity metrics for animals.
Emergence of intermediate-level animal categories
Johnson et al. (1992) argue that the integration of humans into the
biological domain as “one animal among many” requires the emergence of an
intermediate-level primate category. This highlights another important aspect of
emerging folk biological ontology, which is the degree to which animals are
subdivided into salient intermediate kinds. Both basic-level kinds (dog, tree) and
higher-order global categories (animal, plant) emerge early in development (Booth
& Waxman, 2003; Mandler & Bauer, 1988; Mandler & McDonough, 2000;
Waxman, 1990). However, there are also salient intermediate-level biological
categories (e.g., mammal, bird, reptile, fish, bug) that contribute to the rich
taxonomic structure of the biological domain (e.g., Berlin, 1992). The emergence
and use of these categories is an important milestone in the development of folk
biological reasoning.
Ross et al. (2003) document developmental changes in the degree to which
children’s projection of novel properties among living things are sensitive to
intermediate-level biological categories. They taught children novel properties
(involving a hypothetical internal substance) said to be true of humans, wolves,
bees, and plants (goldenrod), and asked whether the property was likely to also be
true of a range of higher animals (mammals, birds, reptiles), lower animals (fish,
invertebrates), plants, and inanimate objects. In general, results showed that these
intermediate categories increasingly guided inferences as children got older. For
example, for urban 6-year-olds, projections from wolf were equally high to other
higher animals, lower animals, and plants, albeit higher to these groups than to
inanimate objects, whereas for urban 8- and 10-year-olds, projections from wolf
were strongest to higher animals, and then showed reliable decreases in strength to
lower animals, plants, and inanimate objects, respectively. This suggests that the
global category “living thing” was guiding 6-year-olds’ inferences, whereas a more
differentiated sense of phylogenic distance among living things was guiding
inferences for older children. Likewise, Inagaki and Sugiyama (1988) show an
increase in categorical attribution of human characteristics to other living things.
Thus, it appears that intermediate-level biological categories emerge
between the ages of 6 and 8 among urban children (Ross et al., 2003 find that these
distinctions are in place by age 6 among rural children.) Of present interest is the
degree to which such intermediate distinctions may impact judgments of similarity
of humans to non-human species. It has been well-documented that similarity
judgments are context sensitive (see, for example, Tversky 1977, Medin,
Goldstone, & Gentner, 1993). Of interest is whether children’s judgments of
taxonomic and psychological similarity among humans and animals are likewise
sensitive to context, and in particular the degree to which such judgments are
influenced by intermediate categories (in particular, mammal versus non-mammal).
Cognition, Brain, Behavior 11 (2007) 733-756

J. D. Coley

739

If human/non-human is an absolutely ontological distinction, then humans should
never be seen as similar to non-humans, regardless of the disparity between nonhuman species on a given trial. In contrast, if an intermediate-level concept like
mammal that includes both humans and non-humans is informing similarity
judgments, then a non-human mammal might be deemed more similar to a human
than to a taxonomically distant creature, like an insect.
Specific Research Questions
The present experiment focused on the degree to which humans are seen to
be taxonomically and psychologically unique, the degree to which such judgments
are influenced by intermediate animal categories, and developmental changes in
these processes. The experiment addresses these questions by comparing responses
of preschoolers, elementary-school students, and adults on tasks requiring them to
match two out of three animals on the basis of psychological and taxonomic
similarity. The experiment uses the basic paradigm of Johnson et al. (1992), but
focuses on the human/nonhuman primate/non-primate animal triads where they
found clear developmental changes.
Previous work makes clear predictions about development changes in
taxonomic similarity. The conceptual change view as developed by Carey and
others (e.g., Carey, 1985; Carey & Spelke, 1996) as well as the empirical results of
Johnson et al. (1992) suggest that younger children should see humans as
taxonomically distinct from other animals (i.e., not at all the “same kind of thing”),
whereas older children and adults should see humans as taxonomically one animal
among many.
The investigation of psychological similarity is novel, and so it remains an
open question how children (and adults) will construe psychological similarity
among humans and other animals. However, Carey’s position makes the relatively
clear prediction that among younger children responses to questions about
taxonomic and psychological similarity should not differ. If children’s early
ontology of living things is essentially psychological in nature, then asking
children about taxonomic and psychological similarity should be tantamount to
asking the same question twice. In contrast, consistently different responses on the
two tasks would suggest the existence of a biological ontology that is not strictly
psychological in nature.
With respect to the degree to which intermediate animal categories may
impact similarity judgments, it’s important to note that Johnson et al. (1992) used
only typical mammals. Therefore a strict interpretation of their results is that
children tend to view non-human mammals as more similar to each other than to
humans; what remains to be seen is whether children view all animals as more
similar to each other than to humans. By employing a larger range of non-primate
animals—including non-mammals like centipede as well as mammals like jackal—
the current experiment presents a more rigorous test of the claim that young
children see humans as different from all other animals, or whether their judgments
Cognition, Brain, Behavior 11 (2007) 733-756
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are influenced by intermediate-level categories like mammal. If the human/nonhuman distinction is the major influence on perceived similarity, children should
consistently isolate the human, and group together even taxonomically disparate
nonhuman species (e.g., gorillas and centipedes). This would provide stronger
evidence that children see humans as unique among animals. Alternatively, if
mammal has emerged as a salient intermediate-level category, participants might
judge humans and primates more similar when contrasted with a non-mammal
(e.g., bird) than when contrasted with a third mammal. In other words, if humans
and primates are judged more similar than either is to bird, this suggests the
emergence of a mammal category thought to includes both humans and primates.
METHOD
Participants
A total of 90 participants were involved in this study. These fell into five
age groups: 16 preschoolers (ages 3.95 to 5.07 years, mean age 4.49 years), 13
kindergartners (5.65 to 6.48, M=5.90), 26 2nd graders (7.49 to 8.46, M=7.96), 19
3rd-graders (8.50 to 9.71, M=8.90), and 16 undergraduate students (18.54 to 22.56,
M=20.15). Participants were recruited from a university-run preschool, a parochial
elementary school, and undergraduate psychology classes at two Midwestern
universities in the USA.
Materials
Materials consisted of 24 pictures of animals and humans, each roughly
5.1 x 7.6 cm, mounted onto 10.2 x 15.2 cm index cards and laminated. The
stimulus set consisted of eight pictures of humans, eight pictures of nonhuman
primates, and eight pictures of non-primate animals. Hereafter for clarity (albeit
not strict biological accuracy) these pictures will be referred to as “human”,
“primate”, and “animal”, respectively. The humans were all shown from the head
or shoulders up, and varied in apparent race, gender, and age. The primates were
all monkeys or apes, and the non-primate animals represented various phylogenic
classes from mammals through invertebrates. Specifically the non-primate animals
included four mammals (jackal, chinchilla, orca, bat) and four non-mammals,
including a bird (sparrow), a reptile (collared lizard) and two invertebrates (bee,
centipede). Two sets of two training triads each were also used: boy/girl/shirt,
lion/tiger/sunflower, and sow/piglet/lamp, polar bear/black bear/trout.
Design
The experiment consisted of a taxonomic similarity task and a
psychological similarity task, presented in counterbalanced order. Pictures were
presented as triads; each triad included one animal, one human, and one primate.
The specific primate or human picture that accompanied each animal picture was
determined randomly for each participant, as was the order of presentation. Triad
order and composition were held constant across tasks for each participant.
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Procedure
All subjects were tested individually. Children were tested during school
hours, in a quiet room away from their classroom. Adults were tested by
appointment. A training task immediately preceded each similarity task; each
training task utilized one set of training triads, and pairing of training sets with
tasks was counterbalanced.
Training for the taxonomic similarity task was carried out as follows. First,
the subject was told, “OK, look at these pictures, and tell me which two are the
same kind of thing.” They were shown the first training triad. Correct responses
were encouraged with the words, “That’s right! These (indicating pigs or children)
are both the same kind of thing and this (shirt or lamp) is a different kind of thing.
Good job. Let’s try another one.” They were then shown the second triad, asked
the same question, and responded to similarly. All subjects were correct on both
taxonomic training trials. The taxonomic similarity task was presented immediately
after the taxonomic training task. Subjects were shown each of the 8 triads, and
asked for a judgment of taxonomic similarity (“Which two of these are the same
kind of thing”). If reluctant, subjects were encouraged to make a choice.
In the training for the psychological similarity task, children were first
encouraged to give separate examples of both thoughts and feelings. Then they
were told, “I’m going to show you some pictures of some things, and I want you to
tell me which two think and feel the same way.” They were then shown the first
training triad. If they responded correctly, they were told. “That’s right, these two
think and feel the same way, because they can both think about what they want to
do tomorrow and this can’t, and they can both remember what they had for
breakfast and this can’t, and they can both feel happy or sad and this can’t, right?”
All but two subjects were correct on the first training trial. These subjects were
shown the correct response and given the same justification for the response.
Subjects were then shown the second triad, asked to make the same judgment, and
given similar feedback. All subjects were correct on the second training trial. The
psychological similarity task was presented immediately after the psychological
training task. Each subject was shown the same 8 triads that were presented in the
taxonomic similarity task, and asked for a judgment of psychological similarity
(“Which two of these think and feel the same way”). Again, if reluctant, subjects
were encouraged to make a choice.
RESULTS
Scoring
On each trial, subjects chose which 2 of the 3 pictures went together,
yielding three possible responses: participants could group the human and primate
as most similar, isolating the animal (an HP response) or group the primate and
animal together, isolating the human (a PA response) or finally, they could group
the animal and human together and isolate the primate (an AH response). Each
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subject was given a score reflecting the relative frequency of each response for
both the psychological similarity trials and for the taxonomic similarity trials.
To assess individual response patterns, each participant was characterized
as using a consistent response pattern if they made the same response on 6 or more
out of their 8 responses (binominal p<.05 with probability 1/3). Thus, each subject
was classified as consistently showing an HP, PA, or AH pattern, or showing no
consistent pattern on each task. Frequencies of each pattern are summarized in
Table 1.
Table 1.
Frequency of consistent response patterns for each age group on the taxonomic and
psychological similarity tasks.

Taxonomic Similarity
4-year-olds (N=16)
Primate + Animal
Human + Primate
Human + Animal
Inconsistent
5-year-olds (N=13)
Primate + Animal
Human + Primate
Human + Animal
Inconsistent
7-year-olds (N=26)
Primate + Animal
Human + Primate
Human + Animal
Inconsistent
8-year-olds (N=19)
Primate + Animal
Human + Primate
Human + Animal
Inconsistent
Undergraduates (N=16)
Primate + Animal
Human + Primate
Human + Animal
Inconsistent

Psychological Similarity

15 (94%)
1 (6%)
0
0

6 (38%)
2 (13%)
2 (13%)
6 (38%)

10 (77%)
0
0
3 (23%)

7 (54%)
0
1 (8%)
5 (38%)

18 (69%)
3 (12%)
0
5 (19%)

15 (58%)
1 (4%)
0
10 (38%)

8 (42%)
3 (16%)
0
8 (42%)

7 (37%)
6 (32%)
0
6 (32%)

10 (63%)
3 (19%)
0
3 (19%)

3 (19%)
10 (63%)
0
3 (19%)

Taxonomic Similarity
By far the most common response choice on the taxonomic task (76% of
responses across age groups) was to group the primate and animal together as the
“same kind of thing,” and isolate the human (see Figure 1). To examine whether
Cognition, Brain, Behavior 11 (2007) 733-756
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responses differed from chance, one-way t-tests were conducted comparing each
cell to a hypothesized mean of .333. Results confirmed that all age groups chose
PA responses at above-chance levels, and AH responses at below-chance levels
(p<.005). Four, 5- and 7-year-olds chose HP responses at below-chance levels
(p<.005 for 4- and 5-year-olds, p<.05 for 7-year-olds), whereas HP response rates
for 8-year-olds and undergraduates did not differ from chance.

Taxonomic Similarity

Relative Frequency of Response

1.0
Primate + Animal
Human + Primate
Animal + Human
0.8

0.6

0.4

0.2

Undergrad

8-yr-olds

7-yr-olds

5-yr-olds

4-yr-olds

0.0

Age Group

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

One-way ANOVAs comparing the frequency of each response across age
groups confirmed an age-related increase in HP responses (F(4,85)=2.92, MSE=.090,
p=.026; 4- and 5-year-olds chose HP responses less frequently than 8-year-olds and
Undergraduates, Fisher PLSD p<.05). They also confirmed an age-related decrease
in AH responses (F(4,85)=2.67, MSE=.010, p=.038; although such responses were
quite rare, they were chosen more often by 5-year-olds than any other age group,
Fisher PLSD p<.05). PA responses did not differ reliably by age.
These developmental differences were corroborated by correlation analysis
using Fisher’s r; across all subjects, frequency of HP responses increased with age,
r(90)=.216, p=.041. Importantly, the correlation was not an artifact of differences
between adults and children; with adults removed, the magnitude of the correlation
Cognition, Brain, Behavior 11 (2007) 733-756
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increased (r(74)=.337, p=.003); moreover, with adults removed the frequency of PA
responses was negatively correlated with age, r(74)=-.289, p=.012.
Analysis of consistent response patterns for the taxonomic task likewise
confirmed the preference for PA responses (see Table 1); one-way Chi Square
analyses revealed that consistent PA responses were more frequent than expected
given a null hypothesis of equal probability of each possible response pattern for
each age group (X2(3)≥9.84, p<.02); a 5 (Age) x 4 (Pattern) Chi Square analysis
revealed only a marginal age difference in consistent response patterns (X2(8,
N=90)=14.13 p=.078). Examination of post-hoc cell contributions showed that this
effect was largely driven by higher than expected frequency of PA patterns by 4year-olds and inconsistent patterns by 8-year-olds, and lower than expected
frequency of inconsistent patterns by 4-year-olds and PA patterns by 8-year-olds.

Psychological Similarity
The most common response for younger children on the psychological task
was to group the primate and animal together as “thinking and feeling the same
way,” and isolate the human, but this shifted markedly with development (see
Figure 2). To examine whether responses differed from chance, one-way t-tests
were again conducted comparing each cell to a hypothesized mean of .333. Results
suggest pronounced developmental changes on this task (all p<.0001 unless
otherwise noted). For 4-year-olds, no response differed from chance. For 5-yearolds, PA responses were above chance (p=.015), HP responses were below chance
(p=.007), and AH responses did not differ from chance. For the remaining groups,
AH choices were all below chance. Additionally, for 7-year-olds PA responses
were above chance, and HP (p=.022) responses were below chance. For 8 year
olds, PA and HP responses did not differ from chance, whereas for adults, HP
responses were above chance (p=.002) and PA responses were at chance.
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Psychological Similarity

Relative Frequency of Response

1.0
Primate + Animal
Human + Primate
Animal + Human
0.8

0.6

0.4

0.2

Undergrad

8-yr-olds

7-yr-olds

5-yr-olds

4-yr-olds

0.0

Age Group

Figure 2.
Mean relative frequency of PA, HP and AH responses for each age group on the
psychological similarity task.

One-way ANOVAs comparing the frequency of each response across age
groups confirmed an age-related increase in HP responses (F(4,85)=8.36, MSE=.098,
p<.0001; 4-, 5-, and 7-year-olds chose HP responses less frequently than 8-yearolds, who chose them less frequently than undergraduates, Fisher PLSD p<.05).
They also confirmed an age-related decrease in AH responses (F(4,85)=5.50,
MSE=.043, p<.001; such responses were chosen more often by 4-year-olds than by
7 or 8-year-olds or undergraduates (Fisher PLSD p<.002), and more often by 5year-olds than by undergraduates, Fisher PLSD p<.02). Finally, they confirmed the
curvilinear trend in PA responses seen in Figure 2 (F(4,85)=2.80, MSE=.163, p=.031;
such responses were more common for 7-year-olds than for 4-year-olds, 8-yearolds or undergraduates, and more common for 5-year-olds than for undergraduates,
Fisher PLSD p<.05).
These developmental differences were again corroborated by correlation
analysis. Across all subjects, frequency of HP responses increased with age,
r(90)=.474, p<.0001, and frequency of AH and PA responses decreased with age,
r(90)=-.353, p<.001 and r(90)=-.217, p=.039, respectively. With adults removed, the
correlations for HP (r(74)=.233, p=.046); and AH responses (r(74)=-.363, p=.001)
persisted.
Analysis of consistent response patterns for the psychological task
reinforced the marked age differences reported above (see Table 1); one-way Chi
Square analyses revealed that the observed pattern distribution for 4-year-olds did
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not differ from expectations generated from a null hypothesis of equal probability
of each possible response pattern (X2(3, N=16)=4.00, p=.261). For 5- and 7-year-olds,
consistent PA and inconsistent patterns were relatively frequent, and consistent AP
and AH patterns were rare (X2(3)≥10.08, p<.02). For 8-year-olds, HP, PA and
inconsistent patterns were equally frequent and no AH patterns were observed; this
was marginally different from the expected distribution, X2(3, N=19)=6.47, p=.091.
Finally, undergraduates strongly favored a consistent HP pattern, X2(3, N=16)=13.50,
p<.004. A 5 (Age) x 4 (Pattern) Chi Square analysis confirmed these age effects
(X2(12,N=90)=33.38, p<.001). Examination of post-hoc cell contributions showed that
this effect was largely driven by higher than expected frequency of AH patterns by
4-year-olds and HP patterns by undergraduates, and lower than expected frequency
of HP patterns by 5- and 7-year-olds, and of PA patterns by undergraduates.
Differentiation of Taxonomic and Psychological Similarity
The degree to which participants at different ages responded differently to
the taxonomic and psychological tasks showed a striking curvilinear pattern;
differentiation was strongest among youngest and oldest participants. To further
examine these patterns, 2 (Task) x 5 (Age) mixed ANOVAs were conducted on the
frequency of each type of response. These revealed Task x Age interactions for PA
(F(4,85)=2.78, MSE=.085, p=.032), HP (F(4,85)=3.17, MSE=.059, p=.018) and AH
(F(4,85)=4.43, MSE=.023, p=.003) responses. T-tests were used to compare response
profiles on the taxonomic and psychological tasks for each age group; Figure 3
depicts difference scores computed by subtracting the relative frequencies of each
type of response on the psychological task from the relative frequency of the same
response on the taxonomic task.
0.60

Difference Score

0.40

0.20

0.00

-0.20

-0.40

Primate + Animal
Human + Primate
Animal + Human

-0.60
4-yr-olds

5-yr-olds

7-yr-olds

8-yr-olds

Undergrad

Age Group

Figure 3. Mean difference between relative frequency of PA, HP and AH responses on the
taxonomic task and on the psychological task for each age group. Positive scores represent
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higher relative frequency on the taxonomic task; negative scores represent higher relative
frequency on the psychological task.

Four-year-olds showed clearly differentiated responses to the two tasks. As
reported above, this age group showed a strong preference for PA responses on the
taxonomic task, and no modal response on the psychological task. Accordingly, ttests revealed that PA responses were more frequent on the taxonomic task than on
the psychological task (t(15)=4.18, p<.001), and that HP and AH responses were
more frequent on the psychological task than the taxonomic task (t(15)=2.37, p=.032
and t(15)=3.45, p=.004, respectively).
Older children showed markedly less differentiation. For 5-year-olds, HP
responses were more common for the psychological task than for the taxonomic
task (t(12)=2.27, p=.042), but there were no task differences for PA or AH
responses. For 7- and 8-year-olds, t-tests revealed no task differences on any
measure.
Undergraduates, like 4-year-olds, showed clearly differentiated responses
to the two tasks. For them, PA responses were more frequent on the taxonomic task
than on the psychological task (t(15)=2.86, p=.012), HP responses were more
frequent on the psychological task than the taxonomic task (t(15)=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 animal categories, scores
were divided based on whether the animal in the triad was a mammal (jackal,
chinchilla, orca, and bat items) or a non-mammal (sparrow, lizard, bee, and
centipede items). These scores are presented in Figure 4. As described above, we
hypothesized that human-primate-mammal triads might emphasize similarities
between primates and other non-human mammals, whereas human-primate-nonmammal trials might emphasize similarities between humans and primates. If so,
participants utilizing the intermediate category mammal should be more willing to
group a primate with a human when the third animal is a non-mammal than when it
is a mammal. Thus, HP responses should be more frequent for non-mammal items
than for mammal items. This difference was reliable for adults (t(15)=2.91, p=.011)
and 8-year-olds (t(18)=3.88, p=.001), but not for younger children.
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Figure 4.
Mean relative frequency of HP and PA responses for each age group on the mammal versus
non-mammal triads.

Likewise, participants who are sensitive to phylogenic structure should be
more willing to group a primate with another mammal than with a non-mammal.
Thus, PA responses should be more frequent for mammal items than for nonmammal items. This difference was again reliable for adults (t(15)=2.67, p=.017)
and 8-year-olds (t(18)=2.55, p=.020), but not for younger children.
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DISCUSSION
These results show that between the ages of 4 and 20, humans are
consistently seen as taxonomically unique, although the minority of participants
who view humans as taxonomically one animal among many increases with
development. During the same time period, confusion about psychological
similarity among humans and other animals gives way to beliefs about human
psychological uniqueness, which in turn give way to perceived psychological
affinity between humans and other primates. Together, these two trajectories define
a non-linear pattern of differentiation between perceived taxonomic and
psychological similarity among humans and other animals. Finally, results
document that humans may be integrated into biological ontology via the
emergence of an intermediate-level mammal category around age 8.
Developmental Changes in Perceptions of Taxonomic Similarity
Responses to the taxonomic similarity task showed remarkable consistency
across development. For all age groups, the preferred answer to “which two of
these are the same kind of thing” was the animal and the primate. This clearly
indicates that all participants—preschool through undergraduate—saw humans as
taxonomically unique. Despite the near-unanimity of preference for this response,
there was also a marked increase in the frequency of responses that grouped
humans and primates together as the “same kind of thing,” reflecting an increasing
belief that humans are taxonomically one animal among many. These responses
were more prevalent among 8-year-olds and undergraduates than among younger
children. Interestingly, this remained a minority response even among
undergraduates, and there was essentially no change in responses between ages 8
and 20.
This finding is consistent with the conceptual change position articulated
by Carey (1985) and others that development of folk biological thought involves an
emerging understanding that humans are biologically one animal among many, in
that the major developmental trend is an increase in the frequency of responses that
group humans and primates together. However, these results also suggest that, if
anything, the conceptual change position might overestimate the degree to which
spontaneous conceptual change regarding humans’ privileged status in folk
biological taxonomy ever takes place. Despite having received over a decade of
additional science education, undergraduates were no more likely than 8-year-olds
to judge humans as one animal among many. Indeed, these results suggest that the
largest discontinuities in the nature of biological ontology might exist between
adult lay people and adult scientists formally trained in modern genetics and
evolutionary theory, rather than between adult lay people and children. In other
words, changes in the position of humans relative to other animals may emerge not
as a result of conceptual development per se, or even as a result of typical science
education, but rather as a result of specialized training in evolutionary biology (cf
Atran, 1998). As such, further explorations of linkages between formal science
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education in biology and beliefs about taxonomic similarity among humans and
other species may be of particular interest. Another interesting avenue for further
exploration is the potential impact of different cultural belief systems on folk
biological ontology. Beliefs that emphasize humans’ continuity (e.g., Ross et al.,
2003) or discontinuity (e.g., Evans, 2001) with the biological world might lead to
very different ideas about the rightful place of humans in (or outside of) the animal
kingdom.
Developmental Changes in Perceptions of Psychological Similarity
In contrast to the continuity observed in beliefs about taxonomic similarity,
responses to the psychological similarity task showed at least two different marked
developmental changes between the ages of 4 and 20. Preschoolers’ responses to
the psychological task were essentially random; no response differed in frequency
from chance, and though some individuals did show consistent response patterns,
inconsistency was modal. This suggests a lack of consensus among 4-year-olds on
humans’ psychological similarity to other animals. Between the ages of 5 and 7,
we observed a sharp increase in the frequency of PA responses—and in the number
of children showing consistent PA patterns—and corresponding decreases in HP
and AH responses, suggesting that the human versus animal dichotomy so clearly
evident in the taxonomic task was also influential on the psychological task at this
age.
By age 8, however, we see the beginning of a second developmental shift.
This involves a sharp drop in the tendency to isolate the human, and a sharp
increase in the tendency to see humans and primates as psychologically similar.
This pattern seems to represent a transition from the pervasive human-animal
dichotomy driving the responses of 5- and 7-year-olds. Moreover, it is important to
distinguish this pattern from the seemingly random responses of the 4-year-olds.
For the preschoolers, no choice differed from chance, all three responses were
equally frequent, and as many children consistently grouped the human with the
animal (a somewhat inexplicable choice) as consistently grouped the human with
the primate. In contrast, for the 8-year-olds, HP and PA responses were equally
frequent, there were virtually no AH responses, and consistent HP and PA patterns
occurred with roughly equal frequency. Clearly, the 8-year-olds were divided as a
group (and indeed, some were divided as individuals) as to whether the primate
shared stronger psychological affinity with the human or with the animal, but their
responses were more selective and systematic than those of the 4-year-olds.
Finally, undergraduates’ responses indicated a consensus that psychologically,
humans are just another primate.
In sum, responses to the psychological similarity task reveal a very
interesting and non-linear developmental trajectory. Between ages 4 and 8,
children seem to go from having no consistent beliefs about psychological relations
among species to having very clear beliefs that humans are psychologically unique
to being somewhat unsure whether humans are unique or like other primates.
Undergraduates, in contrast, seem to agree for the most part that humans are
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psychologically similar to other primates. These results seem to run somewhat
counter to expectations of the conceptual change position, which would
presumably predict that, if animal concepts are framed psychologically early in
development, then children should show a stable psychological ontology from
early on, and that humans should maintain a unique position in that psychological
ontology. It would be interesting to extend this study to age groups between 8 and
20, to complete the mapping of this developmental trajectory.
Differentiation of Taxonomic and Psychological Similarity
Results revealed a markedly curvilinear trajectory for differential
responding to the two tasks. Preschoolers clearly responded differently to the
taxonomic and psychological similarity tasks, although these differences are
somewhat hard to interpret. On the taxonomic task, their responses clearly
demonstrated a belief that primates and animals are the “same kind of thing,” and
that humans are different. In contrast, preschoolers’ responses on the psychological
task, although clearly different from their responses on the taxonomic task,
revealed no consensual beliefs. On the whole, preschoolers’ responses reflect a
belief in the taxonomic uniqueness of humans coupled with a lack of consensus on
humans’ psychological status vis-à-vis nonhuman animals. What remains unclear,
however, is whether this pattern of results represents a principled distinction
between two distinct ways to think about relations between humans and animals, or
whether it represents clear beliefs about taxonomic similarity coupled with
agnosticism or lack of understanding about psychological similarity.
Such questions of interpretation are moot for children between the ages of
5 and 7 who showed little systematic differentiation of their responses on the
taxonomic and psychological similarity tasks. On both tasks, 5- and 7-year-olds
showed a strong preference for PA responses, indicating a consistent belief that
humans are unique both taxonomically and psychologically.
Arguably, 8-year-olds’ responses show the beginnings of differentiation.
On both tasks, 8-year-olds show evidence of an increasing awareness of the
similarities between humans and primates, and this trend seems especially
pronounced for psychological similarity. Although direct statistical comparisons
revealed no differences in the two conditions, PA responses were more frequent
than HP responses on the taxonomic task, but not for the psychological task.
Adults showed the clearest evidence of beliefs that humans’ taxonomic
relations with other species differ from their psychological relations. For the
taxonomic similarity task, adults favored PA responses, indicating a belief that
non-human primates and non-primate animals were the “same kind of thing,” and
that humans are taxonomically unique. In contrast, for the psychological similarity
task, adults favored HP responses, indicating a belief that humans and non-human
primates “think and feel the same way,” and that non-primate animals were
psychologically different. This clearly shows that adults perceive different patterns
of relations among animals depending on whether those relations tie into a
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(presumably biological) taxonomy of species or into a system of psychological
abilities.
Overall, then, there is clear evidence that adults differentiated between
psychological and taxonomic similarity on this task, little evidence for such a
differentiation among children between the ages of 5 and 8, and equivocal
evidence of differentiation among 4-year-olds. If we interpret the 4-year-olds’
performance conservatively, taking their lack of consistent responding to the
psychological task as evidence for lack of understanding and therefore lack of
differentiation, then results depict a relative smooth and late-emerging
differentiation of biological and psychological construals of living things. At first
glance this seems consistent with the conceptual change prediction that prior to age
10, children’s understanding of animals conflates biological and psychological
principles. However, a closer look reveals some discrepancies. First, extrapolating
from the conceptual change view, at least as outlined by Carey (1985, 1995),
young children should have clearer views about humans’ psychological
uniqueness, in so far as knowledge of animals is initially embedded in a
psychological framework. However, results of this study reveal clear beliefs about
human taxonomic uniqueness but somewhat muddled beliefs about psychological
similarity among preschoolers. Second, although the finding of increased
differentiation with development is consistent with the conceptual change view, the
nature of that differentiation is not. Specifically, the conceptual change view
suggests that development should entail changes in perceived taxonomic similarity,
and specifically the emergence of a sense that humans are taxonomically one
animal among many, whereas the present results suggest that beliefs about
humans’ taxonomic uniqueness are persistent, and the major developmental shift is
in beliefs about the psychic unity of primates. Indeed, it is particularly interesting
that for undergraduates, this differentiation takes the form of believing that humans
are taxonomically unique yet psychologically like other primates, when arguably,
the conceptual change position—as well as scientific biology—would seem to
suggest the opposite; humans are biologically just another primate, but
psychologically unique.
Alternatively, if we interpret the 4-year-olds’ performance more
generously, focusing instead on the fact that responses were very different on the
two tasks, then a number of very different issues are raised. First, the early
differentiation is clearly counter to the predictions of the conceptual change
account. Second, we then have the puzzling finding that the early differentiation
disappears among older children and then reemerges among undergraduates. It’s
not immediately clear what mechanism might be responsible for such a trajectory,
although certainly such developmental patterns—from disorganization to rigidity
to flexibility—are common in many areas of development (e.g., Coley & Gelman,
1989).
At first blush, the apparent lack of obvious differentiation of biological and
psychological similarity among children in the present study appears to contradict
previous findings suggesting an early differentiation of biological and psychoCognition, Brain, Behavior 11 (2007) 733-756
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behavioral understanding of living things (e.g., Coley, 1995; Gutheil et al., 1998;
Inagaki & Hatano, 1993). However, it is important to point out that the
methodology employed in the present study specifically addressed questions about
how humans fit into a folk taxonomy, whereas previous studies differed in their
focus. For instance, as described above, Coley (1995) focused on the degree that
membership in orthogonal biological and psychological categories differentially
predicted beliefs about the distribution of biological and psychological attributes
among non-human animals. Thus, the strong belief in human psychological and
taxonomic uniqueness in evidence among children in this study does not rule out
an early differential understanding of biological and psychological relations among
non-human animals. Rather, it suggests that such an early understanding is
somewhat fragile, fragmentary, and undergoes elaboration with development.
Emergence of Intermediate Animal Categories
The results clearly show evidence for the emergence of an intermediate
category of mammal around age 8. Specifically, children aged 7 and younger
showed no sensitivity whatsoever to phylogenic class; whether the animal member
of the triad was a mammal or not had no impact on their responses. The only
taxonomic distinction they honored was the human-nonhuman distinction. It is
striking that younger children were more likely to judge a chimpanzee to be the
same king of thing as a centipede than to be the same kind of thing as a human
being.
In contrast, 8-year-olds’ responses were clearly influenced by the
phylogenic class of the animal member of the triad, and moreover, provide
evidence that the category mammal was guiding responses. Specifically—like
undergraduates and unlike younger children—8-year-olds were more likely to
group a primate with a human when the alternative was a non-mammal than when
it was a mammal. Likewise, 8-year-olds—like undergraduates and unlike younger
children—were more like to group a primate with another animal when the animal
was mammal than when it was not.
These results qualify Johnson et. al.’s (1992) finding that, when given
mammals only, 7- and 10-year-olds showed little evidence making taxonomic
distinctions among mammals beyond that of human-nonhuman. By using a broader
range of stimuli, the present study bolstered Johnson et al.’s claim about younger
children; in the present study, children younger that age 8 not only saw humans as
a unique mammal, but as a unique animal. In contrast, the present study also
revealed among 8-year-olds a more sophisticated knowledge of taxonomic
distinctions among animals than predicted by Johnson et al.’s results.
Moreover, results of the present study suggest that children may not
initially fit humans into the animal kingdom via an emerging intermediate category
of primate. If so, they should see humans and primates as similar as long as the
third animal is not a primate. Rather, these results suggest that children first
establish an intermediate—likely unnamed—category of mammal, of which
humans and primates are both members, but within which humans occupy a unique
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position. This would explain why 8-year-olds believe primates are more like
humans than like non-mammals, but more like non-primate mammals than like
humans.
CONCLUSIONS
These results are generally compatible with views of development in the
biological domain that emphasize increasing conceptual differentiation with age
and experience (e.g., Carey, 1985; Coley, 1995; Coley, Vitkin, Seaton, &
Yopchick, 2005). However, the specific nature of the documented changes run
counter to predictions of the conceptual change view of development articulated by
Carey (1985, 1995) and others, whereas the lack of clear differentiation among
children emphasizes the relative fragility of early distinctions described by Coley
(e.g., 1995, Coley, Solomon, & Shafto, 2002) and others. Indeed, one question
raised by these results taken together is whether the largest discontinuities in the
development of biological thought are between the folk belief systems of children
and undergraduates, both of which see humans as unique, or between folk and
scientific taxonomies, which differ pointedly on the proper place of humans in the
animal kingdom. Another is the degree to which differences in cultural beliefs and
direct informal experience with nature, which have been shown to have pervasive
effects in other areas of folk biological thought, might also influence the degree to
which humans are thought of as one animal among many.
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