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Abstract 

Recent evidence has shown that humans have a domain-specific competence for 

reasoning about the biological world - an intuitive biology. It is suggested that such 

an ability can be explained in terms of evolved psychological mechanisms designed to 

perceive and conceptually organise aspects of the natural world. Two studies were 

conducted to examine this concept in relation to children's understanding of two 

properties associated with living things: growth and movement. Four- and five-year 

old children viewed line drawings of animals, plants and artificial objects, and were 

subsequently asked questions relating to the capacity of each item to move and grow 

autonomously. As hypothesised, in both studies participants reported that plants and 

animals but not artefacts were capable of increasing in size over time, but that only 

animals were capable of self-generated movement. These results are consistent with 

the view that children possess specialised mechanisms for reasoning about the 

biological world. The implications of these findings are considered in terms of an 

evolutionary approach to intuitive biology. 
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It is difficult to overstate the importance of biological phenomena in our daily 

lives. From vitally important activities such as eating, to the relatively mundane 

practice of gifting flowers, living things pervade nearly every aspect of our lives, thus 

requiring that we constantly making use of our knowledge of the differences between 

living and non-living aspects of the world. When we put a book down and leave the 

room, we fully expect it to be there when we return, but are not surprised when a cat 

gets up and walks off. Similarly, we are not surprised when a small tree grows into a 

larger tree, but would be if a small rock turned into a larger rock. Events that are 

inexplicable for books and rocks, are seen as commonplace for cats and trees. In other 

words, although their constituent parts are physical, biological phenomena display 

emergent properties that necessitate a distinct level of analysis. As Dawkins (1996) 

has noted: 

If you throw a dead bird into the air it will describe a graceful parabola, 

exactly as physics books say it should, then come to rest on the ground and 

stay there. It behaves as a solid body of a particular mass and wind resistance 

ought to behave. But if you throw a live bird in the air it will not describe a 

parabola and come to rest on the ground. It will fly away, and may not touch 

land this side of the county boundary (p. 10-11 ). 

The special nature of living things means that in order to reason intelligently, they 

should be treated differently to non-living things such as books, rocks, and clouds. 

Indeed, the processes and laws that govern living things are such that they have an 

entire branch of science, biology, dedicated to their understanding. The focus of this 

thesis however, is not on scientific biology, but on intuitive biology, that is, people's 



2 

everyday understanding of the biological world - how they perceive, categorize, and 

reason about living kinds. 

A growmg body of evidence suggests that we possess a domain-specific 

competence for understanding the biological world and reason about living things in 

highly specialized ways that do not necessarily apply to non-living things (e.g., Atran, 

1990, 1998; Caramazza & Shelton, 1998; Gelman, 1990a; Keil, 1989, 1992, 1994; 

Lopez, Atran, Coley, Medin, & Smith, 1997; Springer and Keil, 1991). Although the 

origins of intuitive biology are debated, a prominent position is that they issue from 

specialized cognitive mechanisms that are innately and uniquely attuned to perceiving 

and conceptually organizing the biological world (e.g., Wellman & Gelman, 1992). 

Moreover, these mechanisms have been claimed to be evolved psychological 

adaptations that have evolved to exploit recurrent features of the world ( e.g., Atran, 

1998; Geary, 1998; Pinker, 1994; Tooby, & Cosmides, 1992). 

Not surprisingly, this position is somewhat contentious. In a recent interview 

Susan Carey stated that while "the human capacity for mathematics is supported by 

very rich innate knowledge and has a long evolutionary history .... intuitive biology 

is really interestingly different, because there isn't any innate system of biology" 

(Carey, quoted by Powell, 2001, p. 2). In contrast, much of the recent and extensive 

work concerning intuitive biological reasoning has implicitly, if not explicitly, 

assumed that intuitive biology is the product of a distinct set of evolutionary pressures 

(Atran, 1995). However, these investigations have predominantly been concerned 

with proximate explanations, focusing on ontogenetic and mechanistic descriptions. 

Such accounts of intuitive biology have often invoked ideas of innate constraints, 
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biological predispositions, or a priori expectations, with only brief speculation or 

assumption about any putative explanation for the origins or functions of these 

mechanisms (e.g., Keil, 1994; Wellman & Gelman, 1992). Similarly, proponents of 

evolutionary approaches to psychology have often simply assumed intuitive 

biological reasoning to be a naturally selected trait (e.g., Atran, 1996; Tooby & 

Cosmides, 1992). 

The aim of this thesis is to extend our understanding of intuitive biology by 

explicitly adopting an evolutionary perspective and considering functional and 

phylogenetic explanations of intuitive biology. Such explanations address questions 

concerning the proper adaptive function and evolutionary history of biological 

phenomena, and furnish us with explanations that can be conceptualized as ultimate, 

rather than proximate, in nature. It is argued that an explicit evolutionary analysis can 

contribute to a more complete understanding of intuitive biology by explaining ( at an 

ultimate level of analysis) and integrating a number of findings into unifying 

explanatory framework, as well as providing a rationale for generating and testing 

novel insights into the structure and functioning of intuitive biology .. 

This thesis is structured around four basic questions. In the first section, I consider 

whether there is in fact a phenomenon to be explained. That is, do humans possess a 

domain-specific psychological mechanism for intuitive biology? Evidence from 

anthropology, developmental psychology, and neuropsychology is reviewed and 

evaluated. Secondly, I consider whether such a phenomenon can be reasonably and 

productively explained within an evolutionary framework. The approach taken here is 

to consider the adaptive complexity of intuitive biology and to employ phylogenetic 
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and comparative analyses. I then consider whether an evolutionary perspective can 

generate new hypotheses concerning the nature of intuitive biology. Specifically, 

hypotheses derived from an explicit evolutionary analysis are used to examine the 

nature of children's understanding of the living world. Finally, I consider what 

implications the present research in particular, and an evolutionary account in general, 

may have for our understanding of intuitive biology. 

A unique category of biological kinds 

Objects in the world that interest people are not randomly distributed throughout a 

multi-dimensional property space, but as a result of causal laws, cluster in regions of 

co-occurring properties that go beyond the merely correlational and have sometimes 

been called "natural modes" (Bobick, 1987), or "consequential regions" (Shepard, 

1987a, 1987b). Pinker (2002) provides the illustrative example that if we were to 

construct a giant spreadsheet in which the rows and columns were properties that 

people notice and the cells contained objects that possessed the appropriate 

combination of properties, then the resulting pattern of filled cells would not be 

evenly distributed, but would be lumpy. "You would find lots of entries at the 

intersection of the 'quacks' row and the 'waddles' column but none at the 'quacks' 

row and 'gallops' column" (Pinker, 2002, p. 203). 

As a result of the laws of form and function that govern their creation and 

preservation, objects in the world are seldom sui generis, but instead are typically 

members of a particular class or category (Pinker & Prince, 1996; Shepard, 1987a). 

Moreover, many of these categories can be said to have a reality in the world that is 
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largely independent of any observer (Anderson, 1990; Pinker & Prince, 1996). For 

example, the standard view of speciation holds that a novel species arises from an 

interbreeding population occupying a local environment that is relatively 

homogeneous and stable. Organisms become adapted to the local environment via 

natural selection, with adaptive traits spreading through the population via sexual 

reproduction. Because selection acts to reduce variation (Sober, 1984; Ridley, 1986) 

the population assumes a morphology that is relatively uniform. Subsequent events 

( e.g. geographic dispersal) can cause members of the original population to form 

subgroups that are reproductively isolated. Because these subgroups are no longer 

subject to the same set of selection pressures, and are no longer interbreeding, the 

homogeneity of the population is destroyed (Williams, 1966; Dawkins, 1986). Thus, 

biological taxa are examples of groups of entities in the world that have their origin in 

a process that creates a relatively homogeneous class, followed by the operation of 

independent historical causes that heterogenize the class, although not to the extent 

that inter-member similarities dissolve entirely.1 As· such, living kinds form a 

distinctive class of entities in the world and share a number of features that are not 

possessed by non-living kinds. 

Consider some of the distinctive features of living kinds: 2 

1) Living kinds fall into populations of inter-breeding individuals adapted to an 

ecological niche, resulting in species with a relatively stable structure and 

1 For example, because of their common ancestry from a single population, sparrows and penguins 
share numerous features (e.g., feathers), while differing as a result of independent historical processes 
operating on different members of that population. 
2 These distinctions, adapted from Pinker (1994) and Keil (1994), may not be strictly true of all 
biological kinds and untrue of all else, but do capture the biological world especially well. 
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behaviour ( e.g., all sparrows are more or less alike, but they are different from 

robins). 

2) Related species descended from a common ancestor by splitting off from a 

lineage, thus they fall into non-overlapping, hierarchical classes ( e.g., sparrows 

and robins are alike in that they are both birds). 

3) Living kinds are complex, self-preserving systems that are governed by dynamic 

physiological processes ( e.g., the biochemical organization of a sparrow enables it - -

to grow and move but is lost when it dies). 

4) Living kinds have separate genotypes and phenotypes, and thus have a hidden 

"essence" that is conserved as they grow and change form ( e.g., a caterpillar, 

chrysalis, and butterfly are considered the same animal). 

5) Living kinds reproduce, preserving some properties of their kind over different 

generations (e.g., adult sparrows give rise to juvenile sparrows). 

These distinctions not only illustrate the existence of a unique category of 

biological kinds, but also render feasible the central premise of intuitive biology: that 

due to the special nature of living things, people should have distinct sets of beliefs 

and patterns of explanation, and treat them differently to non-living things in order to 

reason intelligently. Several lines of research suggest that this is indeed the case and 

that people's unschooled intuitions mesh with the central biological facts presented 

above. In the following sections, I discuss these lines of research and argue that they 
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provide evidence for the existence of psychological mechanisms uniquely attuned to 

perceiving and conceptually organizing the domain of living kinds. 

Evidence from Anthropology 

Anthropologists have long been interested in peoples' understanding of, and 

interaction with, their natural enviromnents (e.g., Frazer, 1890/1996). Moreover, the 

interest has often been specifically on the branch of anthropology known as 

ethnobiology - the study of the ways in which members of a culture ordinarily 

apprehend and utilize the locally perceived flora and fauna. For much of the twentieth 

century the focus was on principles of ethnobiology unique to a particular culture with 

research focusing on utilitarian and social aspects of biological understanding. 

However, more recently a growing body of research has revealed some striking 

similarities between cultures. 

People everywhere are erudite botanists and zoologists. Brown (1991) for 

instance, maintains that classification of flora and fauna, and an interest in bioforms 

(living things or things that resemble them) is common to humans everywhere. People 

typically have names for hundreds of plant and animal species, and sophisticated 

knowledge of those species' life cycles, ecology, and behaviour (Atran, 1990; Brown, 

1991; Kaplan, 1992; Konner, 1982). Moreover, due to a hypothesised affinity with 

basic cognitive dispositions, such knowledge spreads within a population in a rapid 

and enduring manner (Atran & Sperber, 1991; Wellman & Gelman, 1992). 

Folk-biological categorization 
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There is a rich literature concerning how humans in various societies categorize 

plants and animals (e.g., Atran, 1990, 1998, 1999; Berlin, 1978, 1992; Berlin, 

Breedlove, & Raven, 1973, 1974; Hunn, 1977), and while it is clear that there is 

substantial cultural variation it is generally believed that underlying much of this 

variation there exist strong similarities across cultures. 

Firstly, people in all cultures classify the readily perceived biota in their local 

environment into groups (e.g. robins, sparrows, ostriches, etc.) that correspond to the 

scientific concept of genus (Berlin, 1992; Diamond, 1965; Hunn, 1975; Mayr; 1942). 

Because closely related species within a single genus are hard to distinguish, often 

with no readily discernible morphological or ecological gap (Diver, 1940), and 

because there is usually only one species per genus in a specific location, peoples' 

classifications usually correspond to the scientific notion of species as well. As such, 

in ethnobiological terminology, these basic groupings are often known as "generic 

species" (Atran, 1998). These generic species categories are perceptually salient and 

easily identifiable without close study. The names for these categories are the most 

commonly used in everyday language and are among the first learned by children 

(Berlin, 1992; Stross, 1973). Berlin (1992, p.53) illustrates the idea: 

... in the categorization of plants and animals by peoples living in traditional 

societies, there exists a specifiable and partially predictable set of plant and 

animal taxa that represent the smallest fundamental biological discontinuities 

easily recognizable in any particular habitat. This large but finite set of taxa is 

special in each system in that its members stand out as beacons on the 
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landscape of biological reality, figuratively crying out to be named. These 

groupings are the generic taxa of all such systems of ethnobiological 

classification, and their names are precisely the names of common speech. 

In addition, each of these basic generic species groupings is assumed to have some 

underlying causal nature that is responsible for the typical appearance, behaviour, and 

ecological preferences of the individuals comprising the group (Atran, 1990; Berlin, 

1978). In other words, people view the members of a generic species as having an 

underling property or "essence" that is both criteria} for category membership and 

responsible for features of the category (Ahn, et al., 2001; Medin & Ortony, 1989). 

This hidden essence is seen as maintaining an organism's identity and integrity even 

as it causes the organism to undergo radical behavioural and morphological changes. 

For example, a caterpillar and butterfly are seen as the same animal even though their 

physical appearance and behaviour are very different. People expect the disparate 

features of an organism to be linked integrally to its essence without having to possess 

knowledge of the precise causal relationships or the precise nature of the essence. 

People simply assume that there is an essence. Medin and Ortony (1989) call this 

assumption the "essence placeholder," and argue that it leads to a way of 

conceptualizing natural kind categories in which the underlying essence - whatever it 

may be - is causally responsible for the features of the category. This essence 

assumption also explains how organisms fit into well-bounded categories despite 

obvious physical differences - even three-legged, albino, tiger cubs are still 

considered tigers. Essentialism has a long and rich philosophical tradition and comes 

in a variety of different forms. However, biologists typically reject the reality of an 

underlying species essence (Mayr, 1969; Sober, 1994), and as such, it needs to be 
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noted that the psychological essentialism invoked here is a claim about human 

reasoning and not a metaphysical claim about the structure of the world. 

Not only do people organize living kinds into groups of essence-based, generic 

species, they also organize them into a complex, relatively rigid, hierarchy of 

inclusive groups of organisms, or taxa. Ethnographic investigation has revealed that 

these folk-biological taxonomies are structured in the same basic way across all 

cultures (Atran, 1990, 1998, 1999; Berlin, 1978, 1992; Berlin, et al., 1973, 1974). 

Folk-taxonomy everywhere is composed of a number of distinct, hierarchical levels . 

. The highest level of the taxonomy is known as the folk kingdom and divides the 

biological world into the basic ontological divisions of plant and animal. The 

categories plant and animal are then partitioned into the lower-order rank of life form 

(e.g., bird, mammal, tree, grass). The next level down is that of generic species (e.g., 

robin, dog, oak, clover). Generic species are further divided into the folk-specific level 

( e.g., poodle, white oak), which can then be divided into the folk-varietal level ( e.g., 

toy poodle, swamp white oak). At each level of the hierarchy the taxa are mutually 

exclusive and partition the readily perceived biota in a virtually exhaustive fashion. In 

addition to the taxa being related by class inclusion, taxa at the same level of the 

hierarchy share, taxonomic, linguistic, and psychological properties (Bailenson, 

Shum, Atran, Medin, & Coley, 2002). These spontaneous divisions of the biological 

world into hierarchically included, non-overlapping groups are not arbitrary like the 

mapping of stars into constellations, but work in the same way as the scientific 

Linnaean classification system. These common principles, observed in culturally 

diverse populations, are seen as characteristic of a universal, 'default' folk-biological 

taxonomy, and have been taken as evidence for universal, cognitive constraints on 
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folk-biological thought (Atran, 1998, Berlin, 1992). To be sure, there are variations in 

folk-taxonomy between cultures, but underlying these variations are structural 

universals. To be more concrete, consider the study by Lopez et al. (1997) which 

compared how individuals from two diverse cultures - American students from the 

University of Michigan and Itzaj, Mayan Amerindians subsisting in the rainforests of 

Guatemala - organize the biological world into taxonomies. Members of both cultures 

were found to construct taxonomies that contained the same number of levels, that 

showed high within-group and between-group consensus about the similarity of 

animals, and that were based on similar morphological and behavioural properties. 

Furthermore, both the Itzaj and the American subjects' taxonomies correlated to the 

same degree with the scientific taxonomy, and even departed from that taxonomy in 

the same systematic ways. However, certain important differences also emerged. The 

Itzaj for example, were less likely to group animals together into broad superordinate 

categories and more likely to differentiate inte1mediate groups on the basis of 

behavioural and ecological properties such as habitat and food preferences. This is not 

to say that American student classifications were confined solely to morphological 

properties, in both groups the taxonomies were informed by factors beyond 

morphology, but to a greater degree by the Itzaj. These differences are thought to 

emerge as a result of the Itzaj, whose subsistence depends directly on their biological 

environment, having a richer body of ecological knowledge about their local flora and 

fauna than the American students. Interestingly, further investigations have found that 

American bird experts and certain groups of American tree experts produce 

categorizations more similar to Itzaj categorizations than to American. undergraduate 

categorizations (Medin, Lynch, Coley, & Atran, 1997; Bailenson et al., 2002). These 

findings have lead to the conclusion that in the domain of biological categorization 
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"relative expertise leads to a convergence of thought that transcends cultural 

boundaries and shared experiences" (Bailenson et al., 2002, p. 1 ). While cultural 

differences emerge in terms of people developing specific, locally relevant, relations 

among taxa, categorization is far from arbitrary. There appear to be abstract 

taxonomic principles that are universal, stable, and intimately related to the structure 

of the biological world. 

Living kinds and inductive inferences 

Having outlined several universal aspects underlying folk-biological category 

organization, it needs to be pointed out that a hierarchical taxonomy of inclusive 

groups is not the only way of classifying living kinds. Even within a single culture 

there may be multiple types of classification. Consider for example; diurnal/nocturnal; 

carnivore/herbivore/omnivore; edible/inedible; arboreal/aquatic/terrestrial; domestic/ 

wild; plants that begin with the letter P/plants that do not begin with the letter P, and 

so on. In reality, organisms can be grouped in a countless number of ways. What then, 

makes some categorizations better than others? The answer comes from the question 

why do we use conceptual categories at all. Anderson_(1990) has proposed that 

categories allow us to infer unobserved properties from observed properties. We 

cannot know all the properties of an object, but if we can observe some properties and 

use these to assign the object to a category, we can then use knowledge of the 

category to infer some of the objects' unobserved properties. 

Living kind categories lend themselves especially well to inductive inferences for 

two basic reasons. The first, is that like many natural kind categories, they have dense 
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clusters of correlated features. "The highly correlated structure of natural kinds 

suggests that new features learned about one category member will often be projected 

onto other category members as well" (Gelman & Markman, 1986; p. 185). The 

second reason is that unlike man-made artefacts which also share numerous correlated 

features, the correlational structure of natural kinds extends beyond our initial 

perceptual characterization. Inferences about non-obvious or hidden properties of 

natural kinds can be made, precisely because members of a natural kind do in fact 

share many non-obvious properties. "For example, giraffes share a particular diet, life 

expectancy, gestation period, DNA structure, and so forth - attributes that are 

impossible to know by casual inspection" (Gelman & Markman, 1986, p. 184). In 

addition, because we construe living organisms as having an underlying essence that 

plays a causal role in many of their properties, learning a hidden property of one 

organism will lead to the assumption that other organisms with the same essence will 

also possess the property. Contrast this with the example of artefacts provided by Gil

White (2001, p. 530): 

If I showed you a ceramic pitcher and told you that it breaks easily (a hidden 

property), you would be wrong to infer that this is true of all pitchers, since 

they can be made of wood, stone, coconut shell, metal, and, in modem times, 

unbreakable plastic . . . The things that members of an artifact category 

typically share are perceptually obvious: their parts and their interconnections 

are constrained to be similar because they must fulfil the same function; the 

hidden properties (such as the properties of the materials they are made of) can 

vary widely so long as the artifact itself fulfils the same function. Thus, if I 
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show you that a ceramic pitcher breaks easily ... you will not think of this as 

a "pitcher property." 

Thus, living kind categories promote inductive inferences in a manner that other 

categories, such as artefact categories, do not. The special nature of living kinds and 

the special way in which people conceive of living kinds combine to license decidedly 

different generalizations than are licensed for artefacts. 

Hierarchies of categories are useful because they allow tradeoffs between how 

easy it is to categorize some thing and the power of the inference warranted by that 

categorization. For broader, more general categories, only a few properties need to be 

known to determine that it belongs to that category, but then the inference of only a 

few unobserved properties is warranted. For narrower, more specific categories, a lot 

needs to be known about an object to determine category membership, but the 

inference of many unobserved properties is warranted. For example, if we categorize 

an entity as an animal, we can infer that it moves, respires, grows, senses, requires 

nutrients to live, and excretes. If we further categorize it as a bird, we can add to the 

list that it has feathers, is a vertebrate, and was hatched from an egg. And if we 

categorize it as a kiwi, we can add that it is native to New Zealand, is flightless, 

nocturnal, eats small insects and grubs, and is primarily brown in colour. It is 

however, more difficult to classify something as a kiwi than as an animal. 

Interestingly, it appears that in all cultures, one level within the folk-biological 

taxonomy is preferred above all others for making inductive inferences - the generic 

species level (Atran, Estin, Coley, & Medin, 1997; Berlin, 1992; Coley et al., 1999). 
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This finding is perhaps somewhat surprising given that in folk-biological taxonomies, 

the generic species level does not accord with the "basic level" as identified by Rosch, 

Mervis, Gray, Johnson, & Boyes-Braem (1976). Instead, Rosch et al. 's basic level 

corresponds with the life form level ( e.g., bird, fish). Although there is evidence that 

across a number of taxonomical domains inductive potential is optimal at the basic 

level, the biological domain is idiosyncratic in that properties maximally cluster not at 

the basic level, but at the generic species level (e.g., sparrow, trout). As such, this is 

the level at which inductive inferences about biological kinds are favoured. Gil-White 

(2001) has argued that this systematic cognitive idiosyncrasy found in widely diverse 

cultures supports the hypothesis of a universal and privileged biological domain of 

cognition. 

Folk-biological reasoning 

In scientific taxonomy, the strategy known as "the fundamental principle of 

systematic induction" (Bock, 1973, Warburton, 1967), holds that if a property is 

present in members of two species, there is initial justification for the hypothesis that 

the property is also present in all species that fall into the lowest order taxon 

containing the original two species. For example, given a property that is shared by 

sparrows and penguins, there is initial justification to test the hypothesis that the 

property is present in all birds, because this is the lowest taxonomic level at which 

sparrows and penguins converge. Given a property shared by sparrows and cabbage 

butterflies, there is justification for the hypothesis that it is present in all animals, 

because this is the lowest level at which sparrows and cabbage butterflies converge. 
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It follows that the universal structure of folkbiological taxonomy, with its 

hierarchy of inclusive groups, not only organizes biological information, but provides 

an inductive framework that supports systematic reasoning about the distribution of 

properties (morphological, ecological, behavioural, etc) among living kinds. Research 

(e.g., Atran, 1998; Bailenson et al., 2002; Medin, Lynch, Coley, & Atran, 1997) has 

revealed that across cultures people do indeed use their folk-taxonomies of biological 

categories to make inductions about those categories. Moreover, as with 

categorization, these studies reveal universal features of folk-biological reasoning as 

well as experientially and culturally mediated differences. 

Osherson, Smith, Wilkie, Lopez, and Shafir (1990), defined three general 

principles of category-based induction: similarity, typicality, and diversity. Similarity 

predicts that the more similar the premise category is to the conclusion category, the 

stronger the inference should be. For example, considering a dog to be more similar to 

a fox than a cat, should result in a novel property of a dog being more likely to be 

attributed to a fox than a cat. 

Typicality predicts that the more 'typical' an item is the better it is at supporting 

inferences. For example, if a sparrow is considered a more typical example of a bird 

than a penguin, then the inference from sparrows to all birds should be stronger than 

the inference from penguins to all birds. 

The diversity principle predicts that an inference from two dissimilar categories 

should be evaluated more strongly than an inference from two similar categories. For 
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example, a property common to mice and tigers should be considered more likely to 

be true of all mammals, than a property common to mice and rats. 

Reasoning about biological kinds adheres to, and departs from these general 

principles in systematic ways. Several studies (e.g., Lopez et al., 1997; Bailenson, et 

al., 2002) show that American experts, American non-experts, and Itzaj Maya all use 

similarity to guide their inferences. Results demonstrating usage of the typicality 

principle in biological reasoning are ambiguous, with some studies (e.g. Lopez et al., 

1997) purporting to demonstrate that both American and Itzaj participants employ 

typicality reasoning and others ( e.g. Bailenson et al., 2002), suggesting that only 

American non-experts use typicality-based reasoning. Results pertaining to the usage 

of the diversity principle are slightly clearer. It seems that American. non-experts and 

some American. experts (landscapers and taxonomers) employ diversity-based 

reasoning to a far greater extent than other American experts (parks maintenance 

workers and bird experts) and the Itzaj, with the Itzaj employing ecological strategies 

in their reasoning and maintenance and bird experts employing a mixture of 

ecological and diversity-based reasoning. In other words, the Itzaj, and some groups 

of American experts, based their reasoning on specific ecological knowledge (such as 

how two species interact with each other) that often lead them to conclude that the 

more diverse of two scenarios was the weakest from which to draw an inference. This 

result is not due to any inability of the Itzaj to use diversity as a reasoning strategy as 

in other reasoning problems they show a reliable preference for diversity (Coley et al., 

1999). Instead, it has been proposed (Lopez, et al., 1997) that in the folk-biological 

domain, content-specific knowledge can block diversity-based reasoning. It is 

suggested that in everyday biological reasoning, relative expertise and interaction 
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(which may be the default condition for most human groups, including ancestral 

groups) results in domain-specific knowledge about ecological propensities and 

causal principles that can lead to an understanding of natural biodiversity that goes 

beyond domain-general principles of categorization and reasoning. 

Summary 

The anthropological evidence pertaining to everyday biological reasoning 

reviewed here shows both within-group and between-group similarities and 

dissimilarities. Although differing experiences clearly influence categorization and 

reasoning, universal principles, specific to the domain of folk-biology are discernible 

across diverse cultural groups. 

Evidence from developmental psychology 

A second broad line of evidence relating to the hypothesis of a domain-specific 

psychological mechanism for biological reasoning comes from developmental 

psychology. Conceptual development has often been approached from a domain

general perspective (Bruner, Goodnow, & Austin, 1956; Inhelder & Piaget, 1964; 

Vygotsky, 1934/1986). However, in the last two decades a growing body of research 

has emerged with a focus on the domain-specific development of children's biological 

thought (e.g., Carey; 1985; Gelman, 1990a; Keil, 1989; Wellman & Gelman, 1992) 

and has demonstrated that even young children are sophisticated biological thinkers. 
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Biology-specific causal principles 

A strong tradition in psychology argues against the idea of young children making 

a clear ontological distinction between living and non-living kinds (Piaget, 1930). In 

contrast to this position, a number of studies have found that children are in fact 

capable of recognizing living things as distinct form non-living things. Pre-school 

children have been shown to be able to sort objects according to whether they are 

man-made or natural (Gelman, 1988), comprehend that living things, but not artefacts 

are capable of growth (Inagaki & Hatano, 1996), and understand that living things can 

spontaneously re-grow or heal themselves when damaged but that artefacts require 

human intervention in order to be mended (Backscheider, Shatz, & S. Gelman, 1993). 

It seems that even before school age, children can distinguish between the ontological 

categories "biological kinds" and "non-biological kinds" (see also Wellman &. 

Gelman, 1997). However, in order to credit children with an intuitive biology, it needs 

to be demonstrated that in addition to making an ontological distinction, they also 

have an understanding of causal devices or mechanisms, specific to biological 

phenomena (Brewer & Samarapungavan, 1991; Wellman & S. Gelman, 1992). 

In a series of studies, Springer and Keil (1989) investigated preschool children's 

beliefs about the transmission of features from parent to offspring. Children were 

given descriptions of atypical features possessed by two animals that were either 

internal or external, innate or experientially acquired, and had functional or non

functional consequences. They were then asked if the offspring of the two animals 

would be born with the feature in question. It was found that features with functional 

consequences were considered more likely to be inherited than other types of features, 
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but only when the functional consequences were specifically biological (as opposed to 

social or psychological functions). The conclusion reached by Springer and Keil 

(1989) was that children possess principled, biologically specific notions about what 

can and cannot be inherited. 

In a following study, Springer and Keil (1991) investigated specific mechanisms 

of inheritance. Preschool children were asked to choose which of several mechanisms 

they believed to be responsible for the colour of various animals, plants and artefacts. 

Children overwhelmingly preferred natural mechanisms to explain the colour of 

plants and animals, but human intervention to explain the colour of artefacts. Even 

children as young as three and four years of age displayed this pattern, believing 

something intrinsic to biological kinds to be critical to inheritance. Thus, children 

appear to possess principled mechanisms of inheritance specific to the biological 

domain. 

Children's understandings of the biological principles relating to disease and 

contagion have also been examined (Keil, 1992; 1994) Social/psychological 

conditions such as laughter are often seen as contagious, but for adults this form of 

contagion is entirely separate from biological contagion. For children to understand 

this principle they must understand that only certain sorts of conditions (generally 

those that have a strong physiological basis) are communicable. Keil (1992, 1994), 

investigated this idea by asking children what sorts of conditions can be "caught." The 

general procedure involved presenting stories about a child being in close contact with 

another child that displayed symptoms of an unusual condition, and asking if the first 

child was likely to catch those symptoms. The nature of the condition that the child 



was "suffering" from varied across several dimensions: sudden onset versus 

congenital; good versus bad; and behavioural versus physiological. Preschool children 

were found to favour the behavioural/physiological contrast in making their 

judgements, adamantly maintaining that abnormal behaviours such as involuntary 

mumbling, compulsive hand washing, and uncontrollable laughter are not contagious. 

Young children appear to appreciate the special nature of biological contagion as 

opposed to social or psychological contagion. 

These examples illustrate that young children not only distinguish between 

biological and non-biological entities, but that they are also aware of several 

biologically specific causal principles (for other examples see Hatano & Inagaki, 

1994; Inagaki & Hatano, 1993; R. Gelamn, 1990a; Gelman, Coley, & Gottfried, 1994; 

but for an alternative view see Au & Romo, 1999). This is not to say that these 

principles are necessarily correct, or that young children have only slightly less 

sophisticated understanding than adults. Major developmental changes in the nature 

of biological thought can, and do, occur throughout childhood, but it seems that 

principled mechanisms specific to biological phenomena emerge in a systematic and 

coherent manner from early childhood. Keil (1992) suggests that any change in 

biological thought needs "to be seen as occurring within a larger and relatively stable 

framework that helps orient us cognitively toward biological sorts of things" (p. 134). 

I now tum to this "relatively stable framework" and consider a more general 

characterization of children's intuitive biology. 

Categories and induction 
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It was previously shown that adults in diverse cultures use their knowledge about 

living-kind categories as a guide to reasoning ( e.g., Bailenson et al., 2002). By at least 

four · years of age children also use biological categories to support inductive 

inferences and reason about how animals work. In an induction task that pitted 

category membership against perceptual similarity, S. Gelman and Markman (1986, 

1987) found that despite their usual reliance on appearances, young children sense 

that animals fall into larger categories and that their generalizations follow the 

similarity defined by category membership, not niere similarity of appearance. As an 

example, one task presented children with a picture of a tropical fish, a picture of a 

dolphin, and a picture of a shark that looked more like the dolphin than it did the 

tropical fish. After being told that the tropical fish breathes underwater and that the 

dolphin pops above the water to breathe, children were asked in which manner they 

thought the shark would breathe. When no category labels were provided, the children 

thought that the shark would pop out of the water like the perceptually similar 

dolphin. However, when the picture of the shark was labelled as a fish, children went 

beyond perceptual similarity and used their knowledge of living kind categories to 

reason that it would breathe under water like the tropical fish. Moreover, children 

gave greater weight to category membership when reasoning about properties that 

actually were more likely to vary as a function of membership in a living kind 

category, such as method of breathing, than when reasoning about properties that 

were more likely to vary as a function of perceptual attributes, such as weight 

(Markman, 1989). 

Essentialism 
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As with adults, children appear to construe living things in an essentialistic 

manner that underlies much of their biological reasoning. Firstly, intuitions about 

essences allow children to account for an organism's continuity of identity despite 

marked changes in appearance. In a series of studies, Keil (1989) found that children 

conceive of living things as having non-transmutable essences. When told that doctors 

take a tiger, colour its fur yellow and sew on a mane, by at least seven years of age 

children say that it is still a tiger and not a lion. When the transformations involve less 

radical changes, such as a tiger wearing a lion costume, even three- and four-year-olds 

recognize that identity is maintained. Importantly, when told that a coffeepot is made 

to look like a birdfeeder, children of all ages accept the changes at face value and say 

it has become a birdfeeder. Thus, children have an early developing belief that 

animals, but not artefacts, have essences that are responsible for maintaining an 

organisms' identity. In considering the mechanisms responsible for identity change 

Rosengren, Gelman, Kalish, and McCormack (1991) reasoned that children may be 

sensitive to whether the change is natural or artificial. That is, even though some 

children accept that some transformations result in identity change, they may believe 

that natural transformations do not. Using the transformation of natural biological 

growth, Rosengren et al. found that even the youngest children in their study (three

year-olds) believed that an could naturally undergo large changes without losing its 

identity. 

Secondly, there is a sense in which children understand essences in terms of their 

causal force. For example, the essence of a tiger causes it to have stripes, a large body, 

the capacity to roar and so on. There is some evidence that children appeal to hidden 

mechanisms in explaining events with no observable causes (Chandler & Lalonde, 
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1994) and children believe that underlying causal essences are responsible for self

initiated movement (Gelman & Gottfried, 1996). Children may not necessarily know 

exactly what essences are or how they work, but do display a belief in some 

underlying causal mechanism. 

Finally, essentialism accounts for children's beliefs in innate potential - the idea 

that certain characteristics may emerge even though they may show no presence 

initially. For example, even a small, helpless tiger cub has the potential to grow into 

something large and ferocious. Gelman and Wellman (1991) examined ideas about 

innate potential by asking children specific questions about an animal that was 

adopted by members of another species shortly after its birth. It was found that 

children nearly always responded in terms of category membership or innate 

potential, saying for example, that a baby cow that was taken to a pig farm when it 

was first born and raised by pigs will grow up to have a straight tail and say "moo," 

rather than a curly tail and say "oink." Similar results have been found with seeds, 

with Hickling and Gelman (1995) reporting that four-year-olds realise that a seed has 

the innate potential to develop along the lines of its parent species. It appears that by 

at least four years of age children are essentialists, believing that members of a 

biological category share an innate potential that is not susceptible to environmental 

influences. 

Teleology 

Not only do children and adults conceive of biological kinds as if they have 

underlying causal essences, they also appear to adopt a mode of construal that has 
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been described as a teleological stance (Keil, 1992, 1994, 1995), or a design stance 

(Dennett, 1987). Such a stance involves looking at things as if they had functions, or 

as if their properties were designed for purposes. As Keil (1992, p. 127) notes: 

This stance confers on its user the ability to understand relations and make 

inductions and construals that might well be opaque to a purely mechanistic 

stance. Looking at systems in terms of their functions or in terms of the design 

problems they solve can often be a much more valuable level of analysis than 

asking about mechanical interactions of their physical constituents. There are 

many inductions, predictions, and explanations that can be made at the design 

level that would be hopeless if reduced to a mechanical level and far too 

metaphorical if described at the intentional level. 

Evidence for a teleological/design stance can be seen throughout the history of 

biological thought (Dawkins, 1986), and is reflected in the types of questions it seems 

reasonable to ask about living kinds, but not about other natural kinds. One can ask 

why a rock has a sharp point, but only in a purely mechanistic sense, not in terms of 

why a sharp point is good for the rock, or why wouldn't it be just as good if it was 

smooth. On the other hand, these sort of questions seem perfectly reasonable in 

considering why a cactus has a sharp point. Keil (1992), has shown that preschool 

children favour teleological explanations for why plants are green but mechanistic, 

reductionist explanations for why emeralds are green, and suggested that teleological 

intuitions may, from early on in life, demarcate living kinds from other natural, but 

non-living kinds. Because they are designed to serve purposes, human-made artefacts 

are also amenable to these kind of functional explanations. A child might 
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spontaneously ask "what's that for?' about a part of an animal, a part of an artefact, or 

a whole artefact, but never for a whole animal like a tiger, a natural entity like a rock, 

o~ part of a rock like a pointy cusp. However, the sort of functional intuitions that 

children have for living kinds are not the same as they have for artefacts. Children 

sense that a living thing's properties are self-serving whereas an artefact's properties 

are other-serving (Keil, 1995). Thoms on a rose are said to be there to help the rose, 

but barbs on a wire are not there to help the wire. Likewise claws are said to be good 

for the crab, but not for the pliers. 

Developmental origins of intuitive biology: Competing explanations 

The preceding sections demonstrated that children are precocious and 

sophisticated biological thinkers. However, the idea that this precociousness arises in 

part out of specific cognitive capacities uniquely attuned to the biological world has at 

least two explanatory alternatives. 

Firstly, there is the long-standing idea that knowledge emerges out of simple 

association of regularities in the world; that the patterns that eventually become 

uniquely associated with biology have their origins in completely domain-general 

mechanisms of learning. From this perspective, biological concepts are initially 

unprincipled tabulations of salient feature frequencies and correlations. These 

perceptually driven concepts then undergo a shift to more principled, theory-driven 

concepts. However, this idea has two main problems. The first problem concerns how 

young children come to attend to aspects of their experience that will actually support 

the formation of their concepts. Two long-standing issues are that experience is 
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indeterminate, in that many experiences, in and of themselves, are not sufficient to 

justify the inductions that children draw from them, and that experience is pluri

potential, in that the same experience is logically open to alternative construals 

(Gelman, 1990b). This is not to say that domain-general procedures cannot work, but 

there is no satisfactory account of how a learner can shift from domain-general 

associations to a domain-specific intuitive theory (see Keil, 1991). Indeed, a number 

of theorists have argued that acquisition of knowledge in virtually any conceptual 

domain is facilitated by a set a priori constraints, many of which may be specifically 

tailored to that domain. Philosophers such as Quine (1953) and Goodman (1965) have 

argued that because there is an indefinite number of ways of parsing up a conceptual 

domain, there must be cognitive constraints that sharply limit people's natural ways of 

construing the world. Without such constraints, acquisition and communication of 

knowledge may be impossible (Keil, 1979). Following Gelman (1990b), it seems 

necessary to grant children domain-specific organizing principles that direct attention 

to the aspects of experience that are relevant to a particular domain. The other 

argument against domain-general accounts of the development of biological thought 

is empirical. There is ample evidence for example, that young children can go beyond 

phenomenal similarity (which is often taken as a hallmark of simple associative 

representations) when reasoning about biological kinds ( e.g., Gelman & Markman, 

1987; Keil, 1989). In general, the studies reviewed earlier, and many others (for 

reviews see Hirschfeld & S. Gelman, 1994; Medin & Atran, 1999), strongly suggest 

that children do not simply follow tabulations of associations in their reasoning about 

biological kinds, but instead possess domain-specific principles that organize their 

reasoning. 
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The second alternative to young children having a principled theory of biology is 

that children initially construe living things not in terms of biological principles but in 

terms of intentional or psychological principles. 

Carey's (1985) seminal work on biological reasoning in children strongly argues 

that biology does not emerge as an autonomous domain of cognition until around ten 

years of age, and that intuitive biology emerges ontogenetically from the domain of 

folk, or nai:ve psychology. Carey further argues that the development of biological 

knowledge throughout childhood is an example of radical conceptual change, with 

children's understanding of biology bearing little resemblance to that possessed by 

adults. Carey (1985) found that before the age of ten, children's attributions of 

biological properties (e.g., eating, having bones, sleeping, and having babies) to other 

animals were based on similarity to humans and not similarity among animals. In 

addition, novel properties such as has an omentum inside, were projected more readily 

from humans to other animals, than from animals to humans, or even animals to other 

animals. Furthermore, when told that dogs and flowers ( examples that for adults 

would span the category of living things) shared a novel property, children would 

often project the property to non-living things - implying that they saw no 

commonalities between plants and animals other than their being physical entities. 

Carey (1985) uses findings such as these to argue that children do not have an 

autonomous theory of biology, but try to explain and predict, what for adults are 

biological properties, in terms of anthropocentric psychological principles. This view 

has received much critical commentary (Atran, 1994; Coley, 1995; Hatano & Inagaki, 

1994; Inagaki & Hatano, 1993; Keil, 1992, 1994; Wellman & Gelman, 1992) and 

while a detailed analysis is beyond the scope of this thesis, much of the content of 
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these criticisms can be seen in the studies reviewed earlier that indicated preschool to 

children have knowledge of specifically biological principles such as growth, 

inheritance, self-serving function, and contagion. That children apply these principles 

to both animals and plants is itself prima facie evidence against Carey's claim, 

because plants are not in the domain of folk psychology. Moreover, a number of 

studies have directly distinguished between children's biological and psychological 

construals of living things. Inagaki and Hatano (1993) found that four- and five-year

old children reported distinctly different means of modifying physical as opposed to 

mental characteristics, that they understood that certain bodily processes are not 

amenable to intentional control, and that they understood that biological principles 

could exist independently of, and even in conflict with, psychological ones. Coley 

(1995) found that six-year-old children displayed different patterns in attributing 

psychological versus biological properties to animals and concluded that "by 

kindergarten, notions of folkpsychology and folkbiology are sufficiently differentiated 

to constitute distinct and independent conceptual domains" (p. 1856). In light of such 

findings, Carey (1995) has amended the age at which she believes biology becomes 

an autonomous domain for children from ten to six or seven years old, but maintains 

that intuitive biology emerges from an alternative conceptual domain. The issue 

remains open, but there is a growing consensus that even preschool children have a 

body of biological knowledge that constitutes a theory distinct from other explanatory 

domains such as nai've psychology (Hatano & Inagaki, 1999). 
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Summary 

Children as young as three and four-years-old display precocious biological 

knowledge that appears to be mediated by domain-specific constraints that predispose 

the interpretation of certain aspects of the environment in a uniquely biological 

manner from early in life. 

Evidence from neuropsychology 

Given the highly specialized way in which adults and children reason about living 

kinds, it seems plausible that there is specific neural machinery underlying this 

reasoning and responsible for the processing of the distinctive information patterns 

that are generated by plants and animals. One approach taken in addressing this issue 

is to examine the selective impairment and sparing of specific cognitive functions that 

can occur as a result of neurological trauma. Some selective impairments suggest that 

there are specialized neural mechanisms underling the categorization of living and 

non-living things. For example, it is sometimes found that patients who have suffered 

neurological insult display a loss of knowledge about living things (Farah, McMullen, 

& Meyer, 1991; Farah, Meyer, & McMullen, 1996; Warrington & Shallice, 1984). 

Patients in these studies were unable to name pictures of plants and animals, and gave 

vague or erroneous descriptions in response to a verbal request, but performed 

relatively well in identifying and describing many man-made objects. In a few cases, 

the reverse impairment has been documented whereby patients who have suffered 

brain injury maintain ability to name living things but are unable to name artefacts 

(Sacchett & Humphreys, 1992; Silveri, Gainotti, Perani, Cappelletti, Carbone, & 
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Fazio, 1997; Warrington & McCarthy, 1987). This double-dissociation across 

individuals demonstrates that the categories of living and non-living things can be 

damaged independently of each other and strengthens the claim that neural 

organization might honour the distinction between living kinds and non-living kinds. 

Warrington and McCarthy (1987, p. 1292) argue that "it is possible that the patterns 

of fractionation which are observed reflect the topographical or physiological 

organization of neural systems that are involved in knowledge processing." Moreover, 

because most cases of selective impairment of the living category involve damage to 

the left temporal lobe, it may be that this area is crucially involved in conceptually 

organizing knowledge about living kinds (Caramazza & Shelton, 1998). This 

interpretation of category-specific deficits has not gone unchallenged. Various 

alternatives, usually focusing on the idea that the categorical nature of many deficits is 

the result of damage to non-categorically organized visual or functional semantic 

subsystems have been offered (Damasio, 1990; Gaffan & Heywood, 1993). 

Furthermore, several studies purporting to demonstrate category-specific deficits have 

been criticised on methodological grounds. Funnell and Sheridan (1992) for example, 

suggest that selective deficits for living things may simply result from relative 

differences in the familiarity (and thus difficulty in naming) of examples from this 

category compared to those from the artefact category. In addition, a recent 

neuroimaging study did not reveal segregated neural areas associated with the 

categorization of names of animals, fruits, tools, and vehicles (Devlin et al., 2001). 

However, Cabeza and Nyberg's {1997) review of neuroimaging studies found that 

certain regions of the temporal cortex are involved in the classification of objects as 

either living or non-living, with different regions being involved in other types of 

object classification tasks. Moreover, in an extensive review of category-specific 
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deficits Caramazza and Shelton (1998) found that many such deficits are not merely 

due to methodological or lexical retrieval problems, but are true category-specific 

conceptual impairments. They further argued that the rejection of the possibility that 

conceptual knowledge is stored categorically in the brain is premature and that 

category-specific impairments of living things are best explained by appeals to 

domain-specific knowledge systems that are subserved by distinct neural and 

cognitive mechanisms for perceptually and conceptually distinguishing features of the 

world. Such mechanisms are conceived of as specialized processes that rapidly and 

accurately classify objects as animals or plants, and that provide the skeletal structures 

around which perceptual, conceptual, and linguistic knowledge of these categories is 

organized. 

Summary 

Evidence drawn from the neuropsychological literature suggests that intuitive 

biology may be characterized by a degree of autonomy at the neural level. The 

selective impairment and sparing of the ability to reason about living things that can 

follow neurological insult suggests the existence of specialized neural systems 

underlying such an ability. 

Towards an evolutionary interpretation 

The evidence presented thus far demonstrates that humans possess an early 

emerging, universal, domain-specific competence for reasoning about living things 

that may be underpinned by distinct neural machinery (Atran, 1998; Keil, 1992; 1994; 
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Wellman & Gelman, 1992; Caramazza & Shelton, 1998). It is not unreasonable to 

suggest that this competence may arise, at least in part, from an evolved psychological 

adaptation designed to exploit enduring properties of the world: namely, the 

distinctive information patterns characteristic of plants and animals. From an 

evolutionary perspective, intuitive biology exists because it represents an adaptive 

solution to the problems associated with the foraging lifestyles of our hominid 

ancestors. That intuitive biological reasoning is highly specialized, species typical, 

and emerges reliably in development - features that are often considered indicative of 

biological adaptations (Tooby and Cosmides, 1990a) - makes this explanation 

plausible. Atran (1990; 1998), for example, has strongly argued that the universality 

of folk-biological taxonomy reflects, "habits of the mind, naturally selected to capture 

recurrent habits of the world" (1998, p. 567). However, as Dennett (1995) has pointed 

out, a species typical and developmentally reliable trait may not necessarily be a 

biological adaptation, and further lines of evidence need to be explored in order to 

strengthen evolutionary accounts of intuitive biology. 

The structure of the environment and adaptive complexity 

Initial plausibility for considering intuitive biology as an adaptation comes from 

the structure of the environment. As Shepard (1987b, p. 268) expresses it, "to the 

extent that principles of the mind are not merely arbitrary, their most likely ultimate 

sources are the abiding regularities in the world." Organisms propagate in specific 

environments, and it is the enduring properties of these environments that lead to the 

emergence of adaptations (Shepard, 1987a; Tooby & Cosmides, 1990a). This is 

because natural selection can "detect" these enduring regularities, and incorporate 
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them into the design of organisms. In other words, the functional organization of an 

organism is designed to exploit features and solve problems that were recurrent in the 

environment in which the organism evolved. In terms of psychological adaptations, 

Shepard (1987b) has elegantly expressed this idea as the "evolution of a mesh 

between principles of the mind and regularities of the world" (p. 251 ). Consider the 

example of the terrestrial circadian period. The earth uniformly completes one 360° 

rotation every 24 hours, resulting in a predictable alternation between periods of 

relative light and dark, and warmth and cold. There is evidence that this enduring 

environmental regularity has been exploited by a wide range of organisms in the form 

of sophisticated biological clocks that regulate behavioural cycles despite variations in 

season, temperature, and sunlight (Shepard, 1984). Hamsters, for example, maintain a 

circadian activity cycle of 24 hours despite being kept in an environment of constant 

illumination and temperature (Rusak and Zucker, 1975). 

Any long-term, across-generational, environmental regularities have the potential 

to be exploited by natural selection in the construction of complex adaptations. This 

suggests that "the long-enduring structure of the world provides a deeply illuminating 

source of knowledge about the evolved architecture of the mind" (Too by & Cosmides 

1992, p. 72). Generally speaking, it is the environmental regularities that are the most 

ubiquitous and long enduring that are most likely to be incorporated into the design of 

cognitive mechanism. This is true for those regularities that are characteristic of a 

particular ecological niche, but also for those that are more pervasive and relevant for 

a wide variety of species. Plants and animals form recurrent features of the world that 

have been essentially invariant throughout a vast part of evolutionary history. Thus, 

there is reason to expect the evolution of various mechanisms enabling the 



35 

exploitation of the biological world. There would be strong selection pressures for the 

evolution of any cognitive mechanisms that processed biological information in a 

manner relevant to the enhancement of survival and reproduction. Following this, the 

'special design' of intuitive biology can be used as evidence that it is an adaptation. 

(e.g., Buss, Haselton, Schackelford, Bleske, & Wakefield; Dawkins, 1986; Pinker, 

1997; Pinker & Bloom, 1990; Tooby & Cosmides, 1990a, 1990b; Williams, 1966). 

Tooby and Cosmides (1990b) argue that "adaptations are the result of 

coordination brought about by selection as a feedback process; they are recognizable 

by 'evidence of special design' - that is, by a highly non-random coordination 

between properties of the phenotype and the environment, which mesh to promote 

fitness" (p. 25). 

Previous sections that approached intuitive biology from both ethnological and 

developmental perspectives considered evidence of the "non-random coordination" 

between people's biological reasoning and the environment. That is, people's 

unschooled biology meshes especially well with the core biological facts that were 

outlined earlier. People's biological classification systems are not arbitrary, but work 

in the same way as the scientific classification system by picking out groups of 

entities in the world that share certain characteristics and organizing these groups into 

an inclusive hierarchical taxonomy that accords well with the descent of species from 

a phlyogenetic lineage. Moreover, the essence concept, while not scientifically 

credible, does capture the distinction between genotype and phenotype, allowing for 

the intuitions that an organism can maintain identity despite radical morphological 

changes, that something intrinsic is responsible for an organism's typical behaviour, 
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morphology and growth, and that features can be passed from parent to offspring. 

Thus, following Tooby and Cosmides (1990a), the adaptive complexity of intuitive 

biology can be used to strengthen claims that it is an adaptation. More explicitly, the 

claim here is that the features of intuitive biological reasoning appear to be 

functionally coordinated with the prope1iies of the environment in a manner that is 

characteristic of a biological adaptation. 

Reconstructing the past 

A major step in the development of a viable evolutionary explanation for intuitive 

biology is to establish that the conditions under which humans evolved were such that 

mechanisms specialized for reasoning about biological kinds would be expected to 

evolve. The issue is whether the necessity of utilizing biological resources created 

selection pressures for the evolution of cognitive mechanisms that process biological 

information in ways relevant to the enhancement of survival and reproduction. A 

common caricature of our hominid ancestors is that of a dim-witted hunter, primarily 

relying on brawn rather than brain. However, there is little question that survival 

related activities can benefit from cognitive mechanisms that allow organisms to act 

on and mentally represent the physical world ( Gallistel, 1990). Mechanisms that 

enabled our ancestors to act on and represent the biological world seem likely, 

especially given the requirements of their hunter-gatherer lifestyles. As Laughlin 

(1968, p, 308-309) notes: 

The hunter is concerned with the freshness of the track and the direction in 

which he is moving. He wants all possible information on the quarry's 
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condition: its age, sex, size, rate of travel, and a working estimate of the 

distance by which the animal leads him. In the final stages, when he is closing 

with the animal, the hunter employs his knowledge of animal behaviour in a 

crucial fashion. For all birds, animals, and fish, the hunter must estimate flight 

distance, the point at which they will take flight or run away. Conversely, with 

animals that are aggressive, he needs to interpret any signs, raising or lowering 

of tail, flexing of muscles, blowing, or salivation, etc., that indicate an attack 

rather than a flight. The variations are innumerable. (Laughlin, 1968, pp. 308-

309). 

This description illustrates pertinently the cognitive requirements needed for hunting. 

In the same manner (1955), has made a case for the requirements of gathering -
/\, 

knowing where to find food, when to search for food so that it will be ripe, but not 

eaten by other animals etc. The biological knowledge required by early humans is 

such that they have been described as occupying the "intellectual hunter" niche 

(Peters and Meech, 1975). 

Of all lifestyles, that of hunting and gathering requires the most detailed 

knowledge of the natural world. This is quite clear when looking at modem 

hunter-gatherers: they are compulsive and expert naturalists, able to interpret 

the tiniest clues in their environments as to their implications for the location 

and behaviour of animals. Their success as hunter-gatherers, often in marginal 

environments, depends far more on their understanding of natural history than 

on their technology, or the amount of labour they put into their lives. (Mithen, 

1996, p. 54) 
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Geary (1998) and Mithen (1996), have plausibly suggested that natural selection 

would favour individuals who could mentally represent and organize the universe in a 

manner that facilitated the exploitation of biological resources. This is not to say that 

we should expect humans to have an inherent categorical system for all living things, 

this is highly unlikely (Malt, 1995). Instead, any evolved cognitive competency would 

be skeletal in nature, biasing the information that is attended to and influencing how 

this information is processed and represented (e.g., Gelman, 1990). Cognitive 

mechanisms for the processing of information about the biological world should 

evolve to the extent that the resulting behaviours covary with survival and 

reproductive outcomes. The characteristic ability of humans to categorize flora and 

fauna on the basis of morphology, behaviour, growth patterns, and ecological niche, 

into species-like groups that have a basic essence is well suited for allowing the 

representation and prediction of the likely behaviour and features of many organisms. 

Such ability would be of immediate utility in activities such as obtaining food, 

surviving predators and avoiding toxins. In keeping with this functional view, the 

folkbiological taxonomies of people living traditional subsistence lifestyles tend to be 

more highly differentiated (in terms of basic morphology, growth patterns, behaviour, 

etc.) for plants and animals that are ecologically important ( e.g., those species that 

serve as food) than for those that are ecologically neutral (Atran, 1994; Clement, 

1995). However, in no society do people exclusively classify plants and animals 

because they are useful or harmful, suggesting that intuitive biological reasoning is 

highly pervasive, if not unavoidable (Atran, 1998). 
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The foregoing discussion renders plausible the claim that intuitive biology is a 

psychological adaptation that has evolved to enable the exploitation of the biological 

world. But what evidence is there to suggest that intuitive biology really has evolved? 

Drawing on a wide range of paleoanthroplogical evidence, Mithen (1996), has 

constructed a compelling account of human cognitive evolution. He proposes that 

from a mind dominated by domain-general processes, early hominid minds became 

increasingly specialized, with distinct, isolatable cognitive systems dedicated to 

specific behavioural domains, including, what he refers to as a "natural history 

intelligence - a bundle of modules concerned with understanding the natural world" 

(Mithen, 1996, p. 69). 

Mithen (1996) begins his account of human cognitive evolution six million years 

ago by utilizing the chimpanzee as an analogy for our earliest hominid ancestor. 3 

Drawing on the work of Wrangham (1977) and Boesch and Boesch (1984, 1989), 

Mithen (1996) argues that chimpanzees are excellent botanists, capable of using 

subtle visual cues to determine the condition of plants and to discriminate between 

dozens of different species. Chimpanzees are also capable of forming mental maps of 

plant distribution and utilizing these maps in combination with knowledge of ripening 

cycles to make adept foraging decisions. In general, chimpanzees are capable of 

acquiring large amounts of biological information and using it to guide their foraging 

behaviour. However, such behaviour appears to be characterized by significant 

inflexibility, and a lack of creativity. As such, Mithen (1996) attributes chimpanzees, 

and the ancestor they shared with humans, with some biologically specialized 

3 There is a history of using the chimpanzee as an analogy for an early human ancestor (e.g. McGrew, 
1992; Falk, 1992), and Mithen (1996) defends this practice arguing that there has been little cognitive 
evolution in the chimpanzee lineage in the six million years since humans and chimpanzees shared a 
common ancestor. 
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cognitive capacity, but stresses that it is only an incipient form of that possessed by 

modem humans. 

Mithen's next point of analysis concerns the arrival of the earliest members of the 

Homo genus around two million years ago. Although there were several species of 

early Homo, Mithen (1996) focuses on one, Homo habilis. The diet of Homo habilis is 

known to have consisted of vastly greater quantities of meat than both the diet of 

earlier hominids and the diet of chimpanzees (Aiello and Wheeler, 1995; Issac, 1978), 

and Mithen has argued that regular meat eating would have required specialized 

cognitive capacities, capacities not possessed by earlier hominid ancestors. For 

example, evidence from archaeological sites indicates that animal carcasses were 

competed for by several species of carnivore. Competing carnivores would have 

provided a threat, both to potential food resources and in terms of direct predation, as 

well as providing the potential for scavenging behaviour. As such, knowledge of 

carnivore behaviour and distribution would have been critical to early Homo. 

Moreover, greater meat consumption is likely to have required a more sophisticated 

understanding of resource location than that required by a predominantly vegetarian 

diet. Because animals are mobile, simply building up a mental map of resource 

location, as can be done for plants, would be insufficient to facilitate effective hunting 

or scavenging. Instead, H habilis is likely to have had a sophisticated ability to reason 

about animal movement and behaviour, including the ability to utilize visual clues 

such as animal tracks and droppings. This ability contrasts sharply with most other 

primates who are largely unable to draw inferences from visual clues that are 

displaced from their referent (Davidson & Noble, 1989). Vervet monkeys, for 

example, appear unable to recognize the visual signs (e.g., the carcass from a leopard 
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kill, or the trail left by a python) that indicate a predator might be near (Cheney & 

Seyfarth, 1990). Thus, in his reconstruction of the architecture of the mind of H 

habilis, Mithen (1996) grants a capacity to form mental databases for the distribution 

and features of biological resources similar to that possessed by chimpanzees, but 

supplements this capacity with the ability to understand visual cues and generate 

hypotheses about the likely behaviour and location of animals. In short, the regular 

exploitation of other animals by early members of the Homo lineage is likely to have 

required specialized cognitive mechanisms beyond those possessed by either 

chimpanzees or the common ancestor of chimpanzees and humans. 

In contrast to the earliest members of the Homo genus who remained in a 

relatively narrowly delineated environment, those members living around 500,000 -

100,000 years ago occupied a wide variety of environments that were typically more 

seasonal than low-latitude African savannah environments, and often subject to vast 

climatic change. Mithen (1996) refers to this group, which includes archaic Homo 

sapiens and Homo neaderthalensis, as early humans, and argues that highly 

specialized cognitive mechanisms, as sophisticated as those of modem humans, were 

essential for the colonization of environments outside of Africa. A diversity of 

environments required the capacity to exploit a much wider set of plant and animal 

distributions and to interpret new types of environmental information. Moreover, the 

particular challenges ofliving in glaciated landscapes, such as Europe was at the time, 

are immense. Mithen suggests that while there may have been a diversity of plant and 

animal life, they were not likely to have been abundant in number and that frequent 

climactic changes would have resulted in dramatic variations in their availability. 

Compounding these difficulties was the fact the early humans only possessed tools of 
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very limited complexity. However, the examination of animal bones from 

archaeological sites in western and central Europe reveals that early humans must 

have been proficient hunters of large herbivores (Stiner & Kuhn, 1992). That this 

hunting is likely to have been carried out with the use of short thrusting spears that 

required the hunter to get close to prey (Mithen, 1996), or by driving animals over a 

cliff, or into a marsh (Stringer and Gamble, 1993), suggests a complex understanding 

of animal behaviour. Furthermore, Stiner (1991) has argued that in addition to being 

proficient hunters, early humans may also have been frequent scavengers. Again, this 

evidence suggests knowledge of animal behaviour, including the hunting patterns of 

predators whose prey would have afforded the opportunity for scavenging. That early 

humans were able to subsist in diverse and challenging environments, adopting 

eclectic and flexible foraging strategies, suggests that they must have had a 

sophisticated intuitive biology. 

A well-developed natural history intelligence appears to have been essential 

for Early Human lifestyles as inferred from the archaeological record. And 

surely it must have been a natural history intelligence as sophisticated as that 

of modem hunter-gatherers, who have the advantage of highly complex, multi

component tools. Indeed, without the use of complex tools, Early humans are 

likely to have relied even more heavily on a natural history intelligence than 

do Modem Humans. They literally must have thought their way through the 

hazards ofliving by hunting and gathering. (Mithen, 1996, p. 129). 

The preceding analysis of the of the phylogeny of intuitive biological reasoning 

illustrates an important line of inquiry. While we may never be able to know with 
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absolute certainty how intuitive biology actually evolved, Mithen's (1996) 

explanatory account rests on enough evidence to make it at least minimally plausible, 

and strengthens the claim that intuitive biology evolved in response to the problems 

inherent in exploiting biological resources under the specific ecological conditions in 

which human hominid ancestors lived. 

Comparative studies 

Evolutionary accounts of human psychological phenomena can be strengthened 

by accounts of similar phenomena in other species. In general, comparative 

psychology can be used to highlight broad trends in the relations between specific 

traits and environmental demands across species. 

The pervasiveness of biological kinds in the world is such that many animal 

species should be expected to show some inherent biases for the processing of 

relevant biological information in their environment. An animal that was not 

constrained, for example, in its selection of food items would, in general, be poorly 

served, having to learn about each potential candidate for nourishment "by trial and 

possibly fatal error" (Shepard, 1987b, p. 254). Many species of animal should 

therefore, show some sort of inherent behavioural sensitivity to the biological world. 

Moreover, a wide range of species should show evidence of quite specialised 

physiological and psychological mechanisms adapted to the properties that are 

characteristic to that species' particular ecology. Consider for example, the contrast 

between leaf-eating primates and fruit-eating primates. Both type of primate need to 

process information about specific categories of food, but fruit-eaters need far more 
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complexity in their foraging behaviour, discriminating between ripe and unripe fruit, 

remembering the location of dispersed resources, and adjusting foraging behaviour in 

response to seasonal variation in the availability of fruits. Accordingly, Barton (1996) 

found fruit-eating primates to have larger cortices than leaf-eaters and that, 

independent of other factors such as body size, phylogeny, and social group size, 

dietary differences accounted for a significant amount of the variation in cortex size 

across primates. Similarly, nocturnal primate species tend to have more sophisticated 

olfactory systems than diurnal primates that, in tum, tend to have more sophisticated 

visual systems (Barton, Purvis, & Harvey. 1995), reflecting the differences in 

foraging strategies that are optimal in diurnal and nocturnal lifestyles. 

Both herbivores and carnivores are likely to show inherent specializations for the 

detection of meaningful biological categories ( e.g., predator species, prey species, 

conspecifics) in their environment (Geary & Huffinan, 2002). However, according to 

Geary and Huffman (2002), herbivores should show cognitive specialization for 

processing information about plants, especially species used for food, while 

carnivores are expected to show specialization for processing information about 

animals, especially prey species. There is some evidence that this is indeed the case. 

Barton and Dean (1993), found predatory behaviour in mammals to be associated 

with a distinct neural pathway, the tectospinal tract. Both the number and size of the 

cells in this structure, which is involved in pursuit and capture behaviour, were greater 

in predators than in non-predators. Barton and Dean (1993), claim that this is an 

example of correlated evolution between behavioural specialization and a specific 

neural system. 
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More generally, many animal species appear to have a basic cognitive ability to 

discriminate features and form categories of the biological resources in their 

environment. Hemstein and Loveland (1964) demonstrated that pigeons are able to 

discriminate between pictures that contained an image of humans and pictures that did 

not, in such a manner that they concluded pigeons to have a "natural concept" of 

humans. Further studies have found evidence for pigeons forming natural concepts of 

trees and fish (Hemstein, 1979; Herstein & de Villiers. 1980), and a similar ability for 

bees to form categories of flowers (Dukas & Waser, 1994). Of course, it could be 

argued that these results reflect domain-general mechanisms of learning and 

generalization. However, in these studies, the categories that were mediating 

performance do not appear to be shaped by differential reinforcement contingencies. 

Moreover, the rapid acquisition of some categories relative to others argues against a 

domain-general process. 4 Indeed, many instances of animal learning do not appear to 

be easily accounted for by domain-general arguments (e.g., Gallistel, 1990; Garcia 

and Koelling, 1966; Gould, 1996; Marler, 1991). The argument here is not that there 

are no domain general mechanisms at work, rather, that in many animals there is some 

a priori structure to the processing of biological information. 

Several studies, both experimental and observational, suggest that many animals 

not only readily form categories of biological entities, but also utilize these categories 

in their foraging behaviour. Spider monkeys, for example, on discovering a tree with 

newly ripened fruit, will move directly to other trees of the same type (Milton, 1981). 

This suggests that spider monkeys categorize the trees in their environment on the 

basis of the type of fruit that they bear, and know that a particular type of fruit on one 

4 Hemstein (1979) for example, found that pigeons came to discriminate among trees more rapidly than 
among monochromatic colours, even though the patches of colour were physically simpler than the tree 
images. 
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tree being ripe, implies that all fruit of that type will be ripe. Similarly, macaques, on 

finding an experimentally provided akebi fruit on the ground, will look up into the 

trees to where an akebi vine might be growing, and travel to locations where akebi 

vines actually grow to inspect them for potentially ripe fruit (Menzel, 1991 ). 

Interestingly, several studies show that a number of animal species, including 

primates, form categories of animals most easily not at the basic level ( e.g., bird), but 

at the more concrete species level (Fujita, 1987; Roberts and Mazmanian, 1988). 

Roberts and Mazmanian (1988) for example, found that squirrel monkeys readily 

formed categories at the level of a particular species and at the more abstract level of 

animal, but failed to do so at the intermediate level of bird. Tomasello and Call 

(1997), suggest an evolutionary foundation for the formation of categories at the 

animal and species level, in that for many animals, it is generally useful to be aware 

that other animals are around, and important to identify particular species of predator 

or prey. Compatible with this interpretation are the findings of Freedman, 

Riesenhuber, Poggio, and Miller (2001), demonstrating the existence of specific 

neural systems for the creation of species categories that are distinct from those 

systems involved with the discrimination of individuals within a category. In this 

study, monkeys were able to create two categories of never-seen-before dogs and cats, 

with areas of the lateral prefrontal cortex involved in discriminating between 

exemplars of dogs and cats, but not involved in discriminating one dog ( or one cat) 

from another. Findings such as this reinforce the idea that it is often advantageous for 

animals to individuate species, but not nearly as important to distinguish between 

individuals within a species. "It would hardly matter to know the individual identity 

of lions that could eat you, nettles that could sting you, or deer and mangos that you 
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could eat" (Atran, 1998, p. 556). There are of course situations in which it is most 

beneficial to be able to identify individuals within a species. Perhaps the most obvious 

example is the common need for animals to be able to recognize other individuals 

within their own species. A characteristic of many primate species is that they are 

highly social, often forming coalitions and engaging in co-operative behaviour, and as 

such, it could be highly beneficial to be able to discriminate among individuals ( e.g., 

Cosmides & Tooby, 1992). Indeed, there is evidence that primates use a variety of 

methods to recognize and categorize conspecifics (Tomasello and Call, 1997) and 

appear particularly adept at distinguishing among members of their own species while 

numerous other animals (e.g., termites) are apparently incapable of doing so (Atran, 

1998). 

This discussion of comparative studies is necessarily brief, but nevertheless 

pertinent for several reasons. Firstly, it highlights the general importance of living 

kinds to a variety of organisms. That is, identifying and responding accordingly to 

relevant biological stimuli is an adaptive problem common to a number of animal 

species. Secondly, the extent to which the strategies adopted by other species are 

functionally similar to human strategies strengthens claims about the evolutionary 

origins of those human strategies. This is not to say that the mechanisms by which 

humans solve this particular adaptive problem are homologous to those of other 

animals, but that they often perform similar functions. However, the ability of many 

primates, including humans, to carve the biological world into categories that accord 

with the scientific concept of species, and utilize these categories to extend 

knowledge and guide foraging behaviour, suggests that they may share some common 

psychological mechanisms. The extent to which the mechanisms underling human 
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intuitive biology are similar to those possessed by other primates remains an open 

question and detailed accounts of primate biological reasoning, particularly in 

chimpanzees, are likely to be fruitful in increasing our understanding of the 

phenomenon in humans. 

A unifying evolutionmy perspective 

From an evolutionary perspective, intuitive biology is seen as a set of perceptions, 

thoughts, and behaviours which have evolved because they conferred a reproductive 

advantage to our ancestors. That is, those individuals that were predisposed to 

perceive, represent, and act on relevant biological cues in certain narrowly delineated 

ways were more likely to be reproductively successful than those individuals that 

were not. Thus, intuitive biology is conceived of as a trait with an evolutionary history 

and a proper function in ancestral environments. In other words, intuitive biology is 

hypothesised to be a psychological adaptation. 

An evolutionary interpretation can be seen to provide a unifying account of a 

number of features of intuitive biology that press for an explanation. Consider the 

following: 

1) Children readily and reliably develop sophisticated biological 

understanding without formal tuition. 

2) Independent of culture - all humans use the same basic taxonomic 

organization 

3) Biological reasoning is universal. 
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4) Knowledge associated with intuitive biology spreads rapidly and 

enduringly through a population. 

5) Biological reasoning is highly co-ordinated with the structure of the 

environment. 

6) Biological reasoning appears to be localized in specific regions of the 

brain. 

7) Biological reasoning can be selectively impaired and spared relative to 

other cognitive abilities. 

These features are reasonably explained by the by the suggestion that intuitive biology 

is the product of natural selection. Intuitive biology is conceived of as the operation of 

evolved, species-typical, domain-specific, cognitive mechanisms that, based on 

limited perceptual cues, enable the spontaneous apprehension and partitioning of the 

biological world into essence-based species and taxonomically related groups of 

species. Attention is directed to the interrelated and characteristic features of the 

biological world, such as characteristic morphology, interdependently functioning 

parts, maturational growth, natural parentage and inheritance, allowing for the 

interpretation and anticipation of biological phenomena in a manner that is distinct 

from an understanding of other phenomena such as inert substances, artefacts and 

intentional agents. 

Generating novel hypotheses 

An evolutionary approach not only provides a unifying explanatory framework, 

tying together many of the features associated with intuitive biology, it also provides a 
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rationale for explming new features and extending our understanding. One possibility 

is that because foraging behaviour during much of hominid evolution was 

characterised by a sexual division of labour between hunting and gathering (Too by & 

De Vore, 1987), sex differences in intuitive biology might be expected. That is, 

because during hominid evolution males were predominantly involved in hunting, 

men may show greater specialization for processing information about fauna relative 

to flora. Conversely, because females were predominantly involved in gathering, 

women may show greater specialization for processing information about flora, 

relative to fauna. 

A similar rationale has motivated studies concerning sex differences in spatial 

abilities. While there is much evidence showing that men, on average, perform better 

than women on tasks such as mental rotation, maze learning, and map reading, 

Silverman and Eals (1992) have suggested that these tasks involve particular forms of 

spatial reasoning that would have facilitated hunting. As such, Silverman and Eals 

(1992) proposed the somewhat radical hypothesis that on particular forms of spatial 

reasoning tasks, namely those that facilitated gathering, women would display 

superior ability to men. This prediction was borne out across a number of studies in 

which women were found to out-perform men on spatial tasks involving location 

memory and object memory. 

Unfortunately, while there is some suggestion that, on average, boys pay greater 

attention to wild animals than girls (e.g., Eibl-Eibesfeldt, 1989), sex differences in 

intuitive biological reasoning have not been systematically explored. Some studies of 

people living traditional subsistence lifestyles have found men to possess more 
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detailed knowledge of animals than women, and in tum women to posses more 

detailed knowledge of plants (e.g., Atran, 1994; Boster, 1985). However, it is not 

clear whether these differences emerge from inherent biases to particular biological 

features, or simply from differences in the day-to-day activities of men and women, or 

through some combination of both. 

A second possibility that an evolutionary functionalist explanation of intuitive 

biology offers is the notion of functional specialization within the domain of living 

things. This possibility is the subject of empirical examination in the next section. 

The current empirical investigation: Study 1 

Thus far, intuitive biology has largely been construed in terms of a single 

construct, but it is likely that it is comprised of a suite of specialized features 

operating in a co-ordinated fashion, just as the eye contains specialized features such 

as the cornea, lens and iris, but can reasonably be called an adaptation in its own right. 

One such specialization may be a functional distinction between plants and animals. 

Initial plausibility for this claim comes from the same line of evidence that initially 

justified evolutionary considerations of intuitive biology as whole - recurrent 

regularities in the structure of the environment. While sharing many properties that set 

them aside from other entities in the world, such as growing and reproducing, there 

are also considerable differences between plants and animals. Perhaps the most 

obvious distinction is locomotion. Throughout evolutionary history, being an animal 

has been reliably correlated with the capacity for self-generated motion. This would 
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have been a critical feature in the lifestyles of Pleistocene hunter-gatherers, and it 

seems reasonable that our minds may have evolved to exploit this feature of the 

world. 

Some evidence for this possibility comes from Keil's (1989) transformation 

studies. While older children in these studies denied that a tiger could be transformed 

into a lion, younger children often accepted the change as possible. However, even 

preschool children denied that an animal could be made to cross the deeper 

ontological boundary into plant or artefact, saying for example, that a porcupine could 

not be transformed into a cactus or a hairbrush. This suggests that children appreciate 

an ontological boundary between plants and animals. In an earlier study that 

examined how conceptual distinctions are mapped onto natural language, Keil (1983) 

found children to possess a tripartite plant/animal/non-living object distinction and 

argued that children "have a natural bias to segregate these objects very early on, even 

though they may not fully understand the in-principle distinctions between the 

categories" (p. 371). Children in these studies seemed to understand what sorts of 

things plants and animals are and what properties they can share, but also that plants 

and animals are distinct classes and incapable of sharing certain properties. 

Further evidence for a functional distinction between plants and animals comes 

from neuropsychological investigations. In addition to the more general living/non

living distinction, neural insult can result in highly restricted category-specific 

deficits. Caramazza, Hillis, Leek, and Miozzo (1994) reported a patient who displayed 

an impairment for animals relative to plants and artefacts, suggesting the possibility 

that the plant-animal distinction is evident in our neural architecture. 
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An body of research exists demonstrating that young children, and even infants, 

are sensitive to the distinction between animate and inanimate objects in terms of 

physical appearance (e.g., Massey and Gelman, 1988), motion patterns (e.g., Mandler, 

1992; Bertenthal, 1993), and capacity for self-generated movement (e.g., Gelman, 

1990). Moreover, the animate-inanimate distinction appears to be acquired through 

the operation of innate, domain-specific mechanisms. (Gelman, 1990). Mandler 

(1992) for example, found nine-month-old infants to dishabituate to aeroplanes after 

viewing a bird, but not to dogs, cats, or rabbits, even though the bird was more 

perceptually similar to the aeroplane than it was to the animals. 

Atran (1998) has suggested that this capacity to distinguish animate from 

inanimate is a central feature in reasoning about living kinds, but that it cannot suffice 

as the only feature as it fails to distinguish plants from non-living inanimate objects. 

In order for children to appreciate an integrated biological category of animals and 

plants they need principles other than those pertaining to animacy. As such, the 

animate/inanimate distinction is likely to be only one of a number of principles that 

contribute to biological reasoning. An analogy can be made to the domain-specific 

mechanisms that have been proposed to underlie naive physics (Carey & Spelke, 

1994). The principles of cohesion, continuity, and contact function to constrain an 

infant's understanding of physical objects, but when reasoning about human 

movement the contact principle is suspended (Spelke, Phillips, & Woodward, 1995). 

Similarly, the notion of animacy is seen as an early emerging an important principle 

for reasoning about animals ~ut one that does not apply to plants. 
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Many of the developmental studies described earlier suggest that children have a 

sophisticated understanding of a number of uniquely biological properties that apply 

to both plants and animals, but not to non-living entities. In contrast, some research 

has found that young children are unable to group plants and animals into one 

coherent living kind category, failing for example, to see plants as being alive ( e.g., 

Piaget, 1929; Carey, 1985; Richards & Siegler, 1986). Two findings serve as a simple 

example of this incongruity. Hatano et al. (1993) found five-year-olds to attribute the 

property of growth to both animals and plants, but not to non-living things, suggesting 

an understanding of a superordinate biological category. However, Richards and 

Siegler (1986) found that fewer than 20% of five-year-olds judged plants as alive. 

Thus, we are in the rather equivocal position in that on some tasks, children display an 

understanding of both plants and animals as being living entities, while on others they 

construe only animals as living entities. Part of this discrepancy can perhaps be 

reconciled by positing a functional distinction between living things in general, and 

animate things in particular. For adults, the term alive applies to both animals and 

plants. In contrast, young children have been demonstrated to insist that only animals 

can be alive and that plants could not be alive (e.g., Carey, 1985; Keil, 1983; Richards 

& Siegler, 1986). However, this does not mean that children do not construe plants as 

being biological entities, indeed, children readily believe that both plants and animals 

can be dead. Rather, children's understanding of the term alive may not be equivalent 

to way adults apply the term. For young children, alive appears to be closely tied to 

the properties of animacy. Thus, when children deny plants as being alive, they may 

simply be denying that plants are not capable of movement in the same manner that 

animals are. This problem is compounded in that many studies fail to distinguish 

between the category of living things and the category of animals, using the term 
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living synonymously with the term animate. If we grant the terminological distinction 

whereby animate relates to animal life as distinct from plant life, then studies that 

purport to be examining children's understanding of living things, may actually only 

be examining their understanding of animate things. In such studies, children's denial 

of plants as being alive would not be a denial of plants as biological entities, rather a 

denial of plants as being animate. Depending on what biological properties are being 

reasoned about, children may construe plants and animals as similar types of entities 

( e.g., when reasoning about growth), or different types of entities ( e.g., when 

reasoning about the predicate alive, which for children appears to associated with 

animacy). In other words, children's intuitive biology may be sophisticated enough to 

not only distinguish plants and animals as living things that are separate from non

living things, but also, to distinguish animals as animate agents that are separate from 

plants. 

Form this perspective, reasoning about objects within the domain of biology may 

be constrained by a number of distinct principles and thus may vary as a function of 

the particular property concerned. It may be the case that when reasoning about a 

property such as growth, similar beliefs apply to both plants and animals - beliefs that 

distinguish them from non-living things. When reasoning about movement however, 

animals may be viewed as an ontological category distinct from plants. As 

Backsheider, Shatz, and Gelman (1993) suggested, it would be interesting to see how 

children performed in settings that required them to consider multiple properties. 

While much research has focused on children's biological understanding of 

animals, relatively few studies have examined children's understanding of plants, and 
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even fewer have examined children's ability to distinguish between plants and 

animals while still conceptualizing them within in a common biological domain. 

However, two previous studies have examined children's attributions of growth and 

self-generated movement in a relevant manner. Massey and Gelman (1988) presented 

photographs of unfamiliar items to three and four year old children and asked whether 

each of the items could move itself up and down a hill. The stimuli consisted of 

exemplars from five categories: mammals; non-mammalian animals; rigid complex 

objects; wheeled objects; and animal-like statues. Children were found to reliably 

answer that both groups of animals could go up the hill by themselves, but that the 

other categories could not, even though the animal statues looked more like 

prototypical animals than the non-mammalian animals. This suggests that the 

inferences children make about the movement potentials of objects is not based on 

simple perceptual prototypes, or rules. 

Inagaki and Hatano (1996) investigated whether four and five year old children 

were capable of distinguishing plants and animals from non-living things in terms of 

growth. Children were shown exemplars of plants, animals, and artefacts, and then 

asked what each exemplar would look like at a time in the future. For example, 

children were shown a picture of a sprouting flower and then asked which of two 

other pictures would represent the same plant some time later. One of the two options 

available depicted the same sprout while the other depicted a blooming flower. 

Children displayed invariance patterns (i.e., no change over time) for artefacts, but 

growth patterns for plants and animals. 
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These results provide a basis for exploring the notion that even within the 

biological domain there are different constraints on how stimuli are treated. By 

investigating how children reason about both the movement and growth potential of 

plants and animals, any shift in their responses to the same stimuli as a function of the 

biological property that they are reasoning about can be examined. Such cross-over 

designs are rarely used in cognitive development research, but offer an important tool 

for assessing the notion of domain-specific structural guidelines (Gelman, 1990) and 

have been used to good effect to argue that there are biological factors that lead 

organisms to focus on stimuli relevant to a given kind of learning (Rozin & Schull, 

1988). 

The aim of the present research is to clarify children's intuitive theory of biology 

by examining their recognition of both similarities and differences between plants, 

animals, and artefacts, as a function of the property that they are reasoning about. The 

design of the study is based on that employed by Inagaki and Hatano (1996), but with 

several important modifications. In addition to making judgments about growth 

patterns, participants are also asked to make judgments regarding capacity for self

generated motion as in the Massey and Gelman (1988) study. Moreover, in the 

Inagaki and Hatano study, the instructions given to children varied between the plant, 

animal, and artefact conditions; in the present study, the instructions remain the same. 

This investigation also extends the Massey and Gelman study by asking children to 

reason about the movement potential of plants as well as artefacts. Thus, an auxiliary 

aim of this study is to examine the robustness of previous findings and assess whether 

they replicate under modified conditions and with different samples. Specifically it is 

proposed that when the property in question is growth, children will produce similar 
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patterns of responses for plants and animals, treating them as a coherent biological 

category distinct from artefacts. However, when the property in question is 

movement, children will produce different patterns of responses and treat animals as a 

biological category distinct from both plants and artefacts. If this is indeed the case 

and participants shift their responses about the same stimuli as a function of the 

biological property they were asked to reason about, then this would suggest that the 

differential responses were governed by the application of distinct representational 

systems; one for living kinds in general and one tailored to the category of animals. 

Method 

Participants 

Twenty-eight children took part in this study. There were fourteen children in a 

younger age group (Mean = 4 years, 2 months; range = 3 years, 8 months to 4 years, 4 

months) and fourteen children in an older age group (Mean= 4 years, 11 months; 

range= 4 years, 6 months to 5 years, 4 months). Overall, the sample consisted of 15 

males and 13 females. An additional three-year-old was excluded because she 

responded in the same manner to all of the test items, and an additional four-year-old 

was excluded because she did not complete all of the test items. All children had 

written parental permission to participate and the study had been reviewed and 

approved by the University of Canterbury Human Ethics Committee .. 
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Materials 

Stimulus materials consisted of (a) a 42 cm. X 28 cm. black and white line 

drawing of a hill with a path leading from the bottom to the top, and images of the sun 

and clouds above the hill, and (b) black and white line drawings of three examples 

from each of the categories of plant, animal, and artefact. These images, a list of 

which can be found in Appendix A, were presented on 28 cm. X 21 cm. cards, with 

each card containing three images; a standard stimulus at the top of the card, and two 

choice stimuli side by side below the standard stimulus. Examples of the stimuli sets 

are shown in Figure 1. 

Artefact set 

Plant set 

Animal set 

Figure 1. Example sets of the standard stimulus and two choice stimuli for animals, plants, and 

artefacts used in the questions about growth. 
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For the questions concerning growth, the standard stimulus portrayed an item 

from one of the three categories. One of the choice stimuli portrayed the same item at 

the same size (i.e., an identical picture), while the other choice stimuli portrayed the 

same item at a larger size and with a modified shape. For the questions concerning 

movement, the standard stimulus again portrayed an item from one of the categories, 

but one of the choice stimuli portrayed the same item at the bottom of the hill, while 

the other choice stimuli portrayed the same item at the top of the hill. The two choice 

stimuli were positioned below the standard stimulus, one to the left, one to the right, 

with left-right position determined randomly. 

Procedure 

Each participant was tested individually and viewed all the stimulus cards, which 

were presented in random order with respect to both category (animal/plant/artefact) 

and property (growth/movement). The experimenter began each session by showing 

children the large drawing of the hill, and asking them to identify the sun and clouds, 

where in the picture they would be if they were at the bottom of the hill, and how they 

would get from the bottom to the top. All children were able to do this easily. 

Participants were then told that would be looking at some pictures of things and 

trying to help the experimenter figure things out about them. For the questions 

concerning growth, participants were shown the standard stimulus while the two 

choice stimuli remained covered, and told that, "this is a picture of my new X ( object 

name). If I didn't see my X for a very long time, until many years from now, which of 

these pictures would it look like?" The two choice stimuli were then uncovered and 
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the participant asked to select one. If the children resisted making a choice or seemed 

unable to decide, they were asked, "do you think the X will get bigger or stay the 

same size?" When this question was asked, care was taken to balance its phrasing so 

that half of the time it was phrased as "do you think the X will stay the same size or 

get bigger?" Alternatively, for the questions concerning movement, participants were 

shown the standard stimulus item and told, "this is a picture of my X. If I left my X at 

the bottom of the hill and went away, do you think it could get to the top of the hill by 

itselflike this ( experimenter points to the choice stimuli depicting the object at the top 

of the hill) or would it just stay at the bottom of the hill like this?" ( experimenter 

points to the choice stimuli depicting the object at the bottom of the hill). Again, if the 

children appeared undecided they were asked, "do you think the X could get to the top 

by itself, or would have to stay at the bottom?" Care was also taken to balance the 

phrasing of these questions. 

In addition to making a selection, children were also asked to justify their 

responses in a brief conversation with the experimenter. Although there was no 

formal structure to the questioning, the experimenter generally tried understand the 

reasoning behind the child's decision. For example, children were be asked why they 

gave the answer they did, or how they thought the object in question was capable of 

producing the given property. Sample transcripts provided in the results section 

illustrate the patterns of questioning more clearly. 
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Results and discussion 

Descriptive statistics: Overall, children performed well, making correct decisions 

92% of the time. The percentage of correct responses for each condition is shown in 

Table 1. 

Category 

Property Artefacts Plants Animals 

Grow 91% 96% 91% 

Move 92% 88% 92% 

Table 1. Percentage of children's response that were considered correct. 

Decisions were considered correct if children responded that plants and animals but 

not artefacts could increase in size, and if animals but not plants or artefacts could get 

to the top of the hill. 

Scoring: On each item, children's responses were scored on a three-point scale. A 

score of zero meant that the child indicated the given item ( either an artefact, animal, 

or plant) was not capable of performing the property in question ( either independent 

motion or growth). A score of two meant the child indicated that the item was capable 

of the activity. A score of one was less common, but was given when a child seemed 

to be genuinely undecided. For each individual, a "capability score" was calculated by 

summing across all items from within each category; potential scores ranged from 

zero (no items from a given category were judged capable of the property in question) 
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to six ( all examples from a given category were judged capable of the property in 

question). 

Age and sex effects: Initial analyses were conducted to examine any age and sex 

effects. Four-year-olds produced a mean capability score of 2.96 (SD= 2.79), while 

five-year-olds produced a mean score of 3.00 (SD= 2.81); the mean score for males 

was 2.98 (SD = 2.78) while the mean score for females was 2.94 (SD = 2.85). 

Analysis of variance (ANOVA) revealed no statistically significant effects, thus for 

the remaining analyses, scores were collapsed across age and sex. 

Capability ratings: Children's capability scores were analysed by means of a 2 

(property: movement/growth) X 3 (category: artefact/plant/animal) ANOVA, with 

both factors as repeated measures variables. A main effect for property was revealed, 

F(l, 162) = 65.29, p < 0.001, with children believing the items that they were tested 

on to be more capable of growth (M = 3.83), than of movement (M = 2.13). The 

analysis also revealed a main effect for category, F(2, 162) = 183.79, p < 0.001. Post 

hoc analysis (Tukey, p < 0.05) revealed each of three conditions to be significantly 

different from each other. Animals (M = 5.48) were identified as significantly more 

capable of growing and moving than plants (M = 2.93), which in tum, were identified 

as significantly more capable than artefacts (M = 0.54). 

The analysis also revealed a significant interaction effect between property and 

category, F(l, 162) = 53.60, p < 0.001, as shown in Figure 2. 
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Figure 2, Children's mean capability scores as a function of property (movement/growth) and catego1y 
(aitefact/plant/animal). A score of O indicates that items from a category were, on average, judged not 
capable of the given property, a score of 6 indicates that items from a category were, on average, 
judged capable of the given property. 

Post hoc analysis (Tukey, p < 0.05) revealed that children judged plants (M = 

5.32) and animals (M = 5.61) to be significantly more capable of growth than 

artefacts (M = 0.57). There was no significant difference between plants and animals 

for the questions concerning growth. For the questions concerning movement, 

children judged animals (M = 5.36) to be more capable than both plants (M = 0.54) 

and artefacts (M = 0.50). No difference between plants and artefacts was found. 

These results indicated that the four- and five-year olds in this study were able to 

differentiate both plants and animals from non-living artefacts in terms of growth (the 

capacity to change in size and shape over time), and that they were able to 

differentiate animals from plants in terms of motion (the capacity to move up a hill 

unassisted). A possible interpretation of this finding is that children classified objects 

on the basis of category and related their answers to this classification. This idea 

receives support from analysis of children's verbal explanations. 
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No a priori analyses of possible explanations were developed as it was not clear to 

what extent children would generate verbal explanations. However, the stimuli 

generated a considerable amount of talk and generally produced highly ordered 

explanations. Qualitative inspection of children's responses revealed that the types of 

explanation they gave fell into only a few broad categories of explanation. These are 

illustrated in Table 2. Table 3 shows the frequency with which children used each 

type of explanation in each of the six conditions. 

Table 2. Types and of explanations children used to justify their responses. 

EXPLANATION TYPE 

Category membership 

Parts enabling movement 

Life status 

Natural capacity 

Substance 

Agent 

Unsure 

Other 

DESCRIPTION 

Object's membership in a 
category is used to justify a 
response. 

Some reference is made to 
pa11s of the object that 
enable it to move (this type 
of explanation was provided 
only for the questions 
concerning movement). 

Response was justified by 
appealing to the object's 
status as real or alive. 

Response was justified by 
appealing to a natural 
capacity. 

Response was justified by 
appealing to what the object 
was made of. 

Response was justified by 
appealing to a particular 
agent. 

No justification was given 
for a response. 

Justifications were singular 
or highly idiosyncratic and 
didn't fall into one of the 
other explanation types 

EXAMPLE 

"It can't move because it's 
just a table." "It grows 
because it's a tree." 

"It can't move because it 
doesn't have legs." 

"It can't get to top because 
it's not real." "It grows 
because it's alive." 

"It walks, it just can." "It 
just gets bigger" 

"It can't grow, it's made of 
plastic." 

"Water makes it grow 
bigger" "You need to carry 
it to the top." 

"I don't know." 

"God makes it bigger." "It's 
hungry." 
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Condition 

Explanation Type plants plants artefacts artefacts animals animals 

grow move grow move grow move 

category membership 30% 27% 35% 23% 37% 47% 

parts enabling movement 0% 12% 0% 11% 0% 23% 

life status 5% 3% 13% 6% 4% 10% 

natural capacity 15% 32% 18% 30% 7% 11% 

substance 2% 2% 24% 15% 6% 0% 

agent 24% 9% 10% 9% 42% 0% 

unsure 20% 10% 0% 4% 3% 0% 

other 4% 5% 0% 3% 1% 9% 

Table 3: Proportion of different explanation types for each condition. 

As can be seen in Table 3, children used the category membership type of 

explanation most frequently to justify their responses. That is, an item's identification 

as belonging to a particular class of object was used as a principle to guide inferences 

about what things that object was, and was not, capable of. This can be made clearer 

by considering a few excerpts from children's conversations with the experimenter. In 

each case the age and sex of the participant, and the object and property they are 

reasoning about are listed first. 

Male, 4 years, 8 months -dog/grow 

E (Experimenter): Will the dog get bigger or stay the same size? 

P (Participant): Get bigger. 

E: How can it get bigger? 

P: I don't know. It's a puppy, puppies get big. 



Male, 4 years, 3 months-plant/grow 

E: Will the plant get bigger or stay the same size? 

P: Plants grow bigger. 

Female, 4 years, 9 months - cup/grow 

E: will the cup stay the same size or get bigger? 

P: It stays the same, it can't get bigger. 

E: Why not? 

P: Because it's a cup. 
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Explanations pertaining to specific parts, and a natural capacity of objects were also 

frequent. 

Male, 5 years, - dog/move and table/move 

E: Do you think the dog could get to the top of the hill by itself, or would it stay at the 

bottom? 

P: It will go up to the top. 

E: How will it get there? 

P: It will walk up. 

E: How can it walk? 

P: It walks with its legs. 

E: Do you think the table could get to the top by itself, or would it stay at the bottom? 

P: Stay at the bottom 

E: Why wont it go up? 



P: Because it can't. It can't move. 

E: Why not? Why can't it walk up, it's got legs. 

P: Not the right kind oflegs, not walking legs. 
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In this example, the child appears to be making a specific distinction between animals 

and artefacts regarding the type of legs they can possess and the functions that they 

serve. 

Female, 4 years, 2 months -plant/move 

P: Stay at the bottom. 

E: Why won't it go up to the top of the hill? 

P: It can't. 

E: Why not? 

P: It just can't go. 

The types of explanations that children provided were not evenly distributed 

across the types of properties and categories that they were reasoning about. In other 

words, children based their explanations on different information depending on the 

type of object and the type of property they were reasoning about. Although 

explanations concerning category membership were the most frequent overall, other 

types of explanations varied across experimental conditions. For the questions 

concerning growth, children gave explanations concerning a specific causal agent 

(e.g., "food makes it grow bigger") for plants (24%) and animals (42%) more 

frequently than they did for artefacts (10%). Similarly, children used justifications 

concerning substance (e.g., "it's not made of the right stuff') when reasoning about 
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artefacts (24%) more frequently than when reasoning about plants (2%) or animals 

(0%) (e.g., "it's got growing stuff'). This finding is perhaps suggestive of an 

understanding of some commonality between plants and animals. Conversely, for the 

questions concerning movement, children talked about a natural capacity ( or lack of) 

more for plants (32%) and artefacts (30%) (e.g., "it can't move, it just can't) than for 

animals (11 % ) ( e.g., "it just goes up"). 

In a few cases, children made decisions that were initially considered incorrect 

(e.g., saying that an artefact could increase in size), but turned out to be reasonable 

after examination of their justifications. For example, one four-year-old male said that 

a dog, a cactus, and a chair, could all get bigger. However, the mechanisms mediating 

the change in size were decidedly different. Dogs and cacti got bigger because they 

possess a natural capacity to grow ("they get bigger by themselves, you can't stop it"), 

while chairs could only get bigger through human intervention ("someone could build 

it bigger). Clearly, this child is differentiating between a biological process of growth 

responsible for the change in size in plants and animals, and a non-biological process 

responsible for changes in the size of artefacts. 

Other cases in which children's responses were initially considered incorrect, but 

upon consideration of their explanations proved to reasonable, include several 

instances when children said that an animal was incapable of getting to the top of the 

hill. Again, an example helps to illustrate in more detail how and why children gave 

the answers they did. 

Female, 4 years, 3 months - chicken/move 



70 

E: Do you think the chicken could get to the top of the hill by itself, or would it stay at 

the bottom? 

P: Stay at the bottom. 

E: Why do you think that that? Why couldn't it get to the top? 

P: Because it's too big. 

E: You mean the hill is too big for the chicken to get to the top? 

P: Yes. 

E: What if the hill was smaller? Could it get to the top then? 

P:No. 

E: Why not? 

P: It's too big. 

E: Do you think it could walk around at the bottom of the hill? 

P: It could walk a little bit, but not to the top. 

Given that this participant said the chicken had some capacity for movement, she 

clearly saw the chicken as being animate, but appeared to be concerned about the 

particular details of the context provided. 

In general, children's responses as to whether objects can change shape over time 

and move themselves up a hill unassisted, and the explanations given for these 

responses, suggest that children possess an understanding of similarities between 

plants and animals as a single category that is distinguishable from artefacts, and also 

an understanding of certain differences between plants and animals. 
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Study 2. 

The prev10us study examined only familiar plants, animals, and artefacts. A 

limiting factor in interpreting whether children were utilizing an intuitive biology is 

that children may have given their responses on the basis of concrete knowledge or 

specific experience. For example, children may have responded that a dog was 

capable of moving up a hill because they have seen this happen, or that a chair cannot 

move up a hill because this generally doesn't happen. Indeed, one child noted that 

"chairs don't move, they just stay at the table." Thus, a second study was conducted 

using the same general procedure, but with unfamiliar stimuli. 

Method 

Participants 

Participants for this study consisted of six males and six females, with a mean age 

of four years, ten months. An additional girl, aged three years, ten months, was 

excluded because she did not complete all of the test items. No children in this sample 

had participated in the first study. 

Materials 

The stimulus materials were presented in the same format as those used in the first 

study, with the only change being that the items depicted were unfamiliar rather than 
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familiar artefacts, animals, and plants. A complete list of the stimuli can be found in 

Appendix B. To ensure that the stimuli were indeed unfamiliar to four and five-year

old children, the items were tested with an independent group of five five-year-olds. 

None of the children in this group could were able to recognise or accurately name the 

stimuli items, nor could most of the sample of ten undergraduate students from the 

University of Canterbury. Thus, it is highly unlikely that the children in the study 

could have had direct knowledge of the stimulus items. 

Procedure 

The procedure was essentially the same as that of the first study, but to avoid 

identifying and labelling the unfamiliar stimuli, modified instructions were given. 

Participants were told that they were going to be looking at some pictures of things 

that they have probably never seen before, and that the experimenter didn't even 

know what they were, in order to try and help the experimenter figure things out about 

them. For the questions concerning growth, participants were shown the standard 

stimulus while the two choice stimuli remained covered, and told that, "this is a 

picture of this thing I have at home. I've just got, it and it is brand new. Ifl didn't see 

this thing for a very long time, until many years from now, which of these pictures 

would it look like?" The two choice stimuli were then uncovered and the participant 

asked to select one. If the children resisted making a choice or seemed unable to 

decide, they were asked, "do you think the thing will get bigger or stay the same 

size?" Half of the time this question was phrased as "do you think the thing will stay 

the same size or get bigger?" For the questions concerning movement, participants 

were shown the standard stimulus item and told, "this is a picture of a thing I have at 
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home. If I left this thing at the bottom of the hill and went away, do you think it could 

get to the top of the hill by itself like this ( experimenter points to the choice stimuli 

depicting the object at the top of the hill) or would it just stay at the bottom of the hill 

like this?" ( experimenter points to the choice stimuli depicting the object at the 

bottom of the hill). Again, if the children appeared undecided they were asked, "do 

you think the thing could get to the top by itself, or would have to stay at the bottom?" 

The phrasing of these questions were also carefully counterbalanced. 

Results and discussion 

Descriptive statistics: Ninety-four percent of children's responses to the unfamiliar 

stimuli were considered correct. Table 3 shows the percentages of correct responses 

for each condition. 

Category 

Property Artefact Plant 

Grow 91% 96% 

Move 92% 96% 

Table 4: Percentages of children's responses to unfamiliar stimuli that were 

considered correct. 

Animal 

91% 

91% 
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Scoring: As in the first study, participants' responses on each item were scored on a 

three-point scale ranging from zero, a response indicating that the item was not 

capable of producing the property in question, to two, indicating that the item was 

capable of producing the property in question. A score of one indicated the child was 

genuinely unsure. A total "capability score," ranging from zero - six, was then 

calculated by summing across all of a participant's responses within each category. 

Capability ratings: A 2 (Property: movement/growth) X 3 (Category: 

artefact/animal/plant) ANOV A, with repeated measures on both factors, was 

conducted to assess any differences in children's responses as a function of what they 

were reasoning about. Children responded that the items they saw were more capable 

of growth (M = 3.89) than of movement (M = 2.05), F(l, 66) = 87.76, p < 0.001. 

Differences in responses as a function of category were also revealed, F(2, 66) = 

259.6, p < 0.001. Post hoc analysis (Tukey, p < 0.05), found children to consider 

plants (M = 2.88) as significantly more capable of producing the properties in 

question than artefacts (M = 0.29), but significantly less capable than animals (M = 

5.75). 

As is shown in figure three, a significant interaction effect between category and 

property was also revealed, F(2, 66) = 49.38, p < 0.001. Post hoc analysis (Tukey, p < 

0.05) found that when reasoning about growth, there was no significant difference 

between children's responses to plants (M = 5 .17) and their responses to animals (M = 

5.50). Artefacts (M = 0.05) were considered significantly less capable of growing than 

both plants and animals. Furthermore, when reasoning about movement, children 

produced significantly higher capability scores for animals (M = 6.0) than for either 
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plants (M = 0.58) or artefacts (M = 0.08). No significant difference between plants 

and artefacts was found. 
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Figure 3. Children's mean capability scores for unfamiliar items as a function of property and category. 

Spontaneous verbalizations: Although children in this study were not asked to explain 

their decisions, they nevertheless produced a considerable amount of talk. Informal 

analysis of their verbalizations suggests that children were able to categorize the novel 

stimuli in sensible and structured ways. For example, while care was taken not to 

identify the object in question, many children produced labels or names for the items 

that they were viewing. While these labels were never correct, strengthening the claim 

that the stimuli were indeed unfamiliar, they were not wildly inaccurate either. 

Overall, children provided labels for 70%, with an average of 12.5 labels per child. 

Often, some form of superordinate category membership was used, for example, "it's 

a plant" or "it's a kind of tool." At other times, children appeared to arrive at their 

labels by use of analogy, for example, one child described a tapir as "like a dog." No 
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labels were drawn from the wrong ontological category. Furthermore, in a small 

number of cases, and without any prompting, children actually justified their 

decisions. In one instance, a child said that an echidna could jump up the hill using its 

legs. This explanation was particularly interesting given that no legs were visible in 

the illustration. 5 

In general, the results from this study, using unfamiliar stimuli for which children 

would have had no previous knowledge of, or experience with, reiterate the findings 

of the first study, in that children appear to know that plants and animals but not 

artefacts can grow, and that animals but not plants or artefacts can move themselves. 

General discussion 

Two studies examined children's understanding of the capacity for various 

artefacts, plants, and animals to engage in self-generated movement and to increase in 

size. Participants viewed line drawings of examples from the three categories and 

were asked to make decisions about whether the items could move up a hill by 

themselves, and whether they could increase in size over time. Consistent with the 

initial hypotheses, four- and five-year-old children reported that plants and animals, 

but not artefacts were capable of increasing in size over time, and that animals, but 

not plants or artefacts, were capable of self-generated movement. These results 

replicate, extend, and importantly qualify previous work on children's understanding 

ofliving things. 

5 Interestingly, Massy and Gelman (1988) reported an almost identical finding. 
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Firstly, contrary to Carey (1985), and Richards and Siegler (1986), who found 

little evidence to suggest that children were able to group plants and animals together, 

the present studies found children to treat plants and animals, but not artefacts, as 

similar entities that are capable of undergoing autonomous changes in size (and 

shape) over time. While these findings corroborate those of Inagaki and Hatano 

(1996), methodological improvements also extend them. First, unlike in the Inagaki 

and Hatano study, the information that was given to participants in the present studies 

was standardized across all conditions, reducing the possibility that any differences in 

children's responses between plants, animals, and artefacts could be due to 

differences in the wordings of the stories that they heard. Furthermore, the reported 

pattern was found even when children were provided with unfamiliar stimuli, 

suggesting that they were not simply responding on the basis of specific knowledge or 

experience. Finally, children's explanations for their responses were examined, 

enabling a more rigorous test of the claim that children understand commonalities 

between plants and animals. This proved a most useful strategy, revealing that 

children tended to employ similar types of explanation for plants and animals (notably 

explanations concerned with the taking in of food or water) compared to artefacts. 

Generally speaking, children's responses to the growth questions were consistent with 

other recent findings that young children attribute some processes to both plants and 

animals but not to non-living entities (e.g., Backscheider, Shatz, & Gelman, 1993; 

Inagaki & Hatano, 1996; Springer & Keil, 1991), and strengthen the claim that 

preschool children possess an integrated category of living things. 
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The present results also corroborate and extend the findings of Massey and 

Gelman (1988). In addition to considering whether animals and artefacts could move 

themselves up a hill, in the present studychildren were also asked to consider whether 

plants could move themselves. Four- and five-year-old children attributed animals, 

but not plants or artefacts, the capacity to engage in self-generated motion. 

Examination of the children's explanations reinforced their patterns of responding, 

suggesting, in line with Massey and Gelman (1988), an appreciation of the 

animate/inanimate distinction. 

Furthermore, because participants displayed differential patterns of responses in 

their attributions of movement to plants and animals, but similar patterns in their 

attributions of growth, the results suggest that children's intuitive biology may not be 

driven by a single undifferentiated conception of living things. In the present studies, 

children were able to interpret the same objects in different ways at different times; 

either as living things capable of autonomous growth, or as animate things capable of 

autonomous movement. Children can apparently shift what aspects of living things 

they are considering as function of the property they are reasoning about. This 

suggests the possibility that a number of distinct, biologically specific principles may 

underpin their thinking. Rather than possessing a general understanding of biology 

that applies to all living things, intuitive biological reasoning may comprise several 

principles and depend crucially on both the property and the entity being reasoned 

about. Such a possibility accounts for how plants and animals are considered distinct 

groups of entities on some tasks ( e.g., tasks involving the principles underlying 

animacy) but considered to be a coherent group of living kinds on other tasks ( e.g., 

tasks involving the principles of growth). This interpretation is strengthened by the 
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fact that when justifying their decisions, children displayed a tendency to vary the 

type of information that they were focusing on in a consistent manner that was 

dependent on the type of object and the type of property that they were thinking 

about. The specific patterns of responses and justifications that were observed suggest 

that by at least four-years of age children have an understanding of both a living/non

living distinction, and an animate/inanimate distinction that they utilize in reasoning 

about objects in the world. 

Moreover, although children viewed static line drawings of objects, and thus were 

using perceptual information in their decision-making, their performance is not easily 

attributable solely to perception-based rules or features. It is not clear for example, 

what perceptual features of a cactus suggest that it can grow, or what perceptual 

features of a chair suggest that it cannot. Instead, the subtle but systematic ways in 

which children shifted their responses and the kinds of explanations they gave, 

suggest that their performance may have been governed, at least in part, by some 

degree of conceptual knowledge. The tendency for children to justify their decisions 

on the basis of category membership supports this interpretation and suggests that 

children were able to use the information available in the stimulus pictures to quickly 

and accurately classify the items that were depicted. Once classification had taken 

place, children may have then used their conceptual knowledge of that category to 

generate reasonable decisions about whether the object in question could move by 

itself or grow larger, despite no obvious sign of any mechanisms that may have been 

capable of generating such behaviour. For example, one child was able to classify a 

picture of an echidna as an animal, and then use this classification to infer that it was 
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capable of self-generated movement and could get to the top of a hill using its legs, 

even though no legs were visible in the picture. 

Even when children justified their decisions on a basis other than explicit appeals 

to category membership, their explanations often involved underlying biological/non

biological conceptual distinctions. For example, the child who said that a dog could 

move because it had legs, but that a table could not move, despite the fact that it also 

had legs, appeared to be making a conceptual distinction between two types of legs; 

one biological, and capable of movement, the other artefactual, and not capable of 

movement. In addition, responses were commonly justified by appeals to some 

underlying, natural capacity. In these cases, children were unable to identify any 

particular cause other than a general capability, or lack of capability. Again, children 

did not appear to be basing their responses on any specific perceptual cues, but 

instead, may be using such cues to assign the target item to a category that then guides 

their reasoning. 

Such an interpretation of the present results suggests that children possess an 

understanding of both a category of living things that are capable of autonomous 

growth, and a more restricted category of animates that are capable of autonomous 

motion. One possibility as to how these categories are required is that features such as 

growth are so perceptually salient and characteristic of all living kinds that plants and 

animals can be readily grouped together. However, as Inagaki and Hatano (1996) 

have noted, becomes it takes place over extended time periods, and requires a 

comparison between past and present states, growth may not be a property that is 

readily able to be associated with both plants and animals. Moreover, plant growth 
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can differ from animal growth on several dimensions (Hickling & Gelman, 1992). A 

second interpretation, and the interpretation favoured here, is that certain properties 

are attended to, even if they are not especially salient, as the result of evolved, 

domain-specific, information-processing principles. Such principles, in conjunction 

with complementary perceptual processes, constrain the stimuli that are attended to 

and aid in the ready acquisition of relevant biological concepts. 

The categorization of an organism as a kind of living thing, such as a dog, 

involves selective attep.tion to certain perceptible features of the world. The 

selected features may involve various aspects. of the object's shape, size, 

movement, texture, sound and smell. But the selection process itself is driven, 

at least in part, by a set of causal presumptions to the effect that the living 

world categorically divides into well-bounded types, regardless of the degree 

of morphological variation that may actually exist or be observed within or 

between different kinds. (Atran, 1996, p. 648). 

By constraining input to only selected aspects of the environment that are relevant 

to the biological domain, such principles can generate categories that invariably 

involve correlations between some or all of the following: spontaneous movement, 

characteristic morphology and behaviour, characteristic patterns of morphological and 

behavioural change - including maturational growth, interdependently functioning 

parts, reproduction and inheritance. Once an object has been assigned to a living-kind 

category, a number of inferences about that object are warranted. In the present case, 

inferences about growth and movement would be warranted. 
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Firthermore, because evolved information processing procedures are likely to 

correspond to fundamental distinctions in the world, these procedures can go beyond 

the information given, and reconstruct accurate models of the world from highly 

fragmented cues (Tooby & Cosmides, 1992). As an example, by "assuming" certain 

relationships to be characteristic of the world (e.g., that a sharp discontinuity in light 

intensity results from the presence of an edge) our visual system can construct 

representations that go beyond what sensory data alone warrants (Marr, 1982; Pinker, 

1997). Similarly, children in the present study were able to extract enough 

information from highly abstract, informationally poor, representations of various 

objects to enable them to reconstruct the relevant characteristics of living things and 

make decisions about the capacity for those objects to grow and move. While the 

specific cues that enable the identification of an object as living are not well 

understood, by at least four-years of age, children have the capability to assess 

whether the objects (including unfamiliar objects) represented in static drawings, are 

capable of growing and moving. This ability is perhaps most readily understood in 

terms of inherent biases in the types of information that children attend to and 

process; biases that result in the creation of evolutionarily significant classes of living 

things (Geary & Huffman, 2002). From this perspective, biological categorization 

reflects the operation of information processing rules that result in the clustering of 

objects into evolutionarily relevant sets of living things. As an example, Geary and 

Huffman (2002) suggest that one such rule might be "if the object shows a basic 

morphology associated with animals or plants and self-generated growth or 

movement, then it is animate" (p. 689). 
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Different domain-specific information processing rules can apply to the same 

entity and render it with a different interpretation (Gelman, 1990). Following this, if 

we grant children with domain-specific, information processing mechanisms that 

evolved to capture reliable regularities in the world we can explain how they can 

interpret the same objects in different ways, at different times, and in different 

contexts. More specifically, if we grant children with mechanisms that evolved to 

capture the regularities of the biological world in general, and other mechanisms that 

evolved to capture regularities of the animate world in particular, we can explain not 

only how children conceive plants and animals to be similar entities that are distinct 

from non-living things, but also how they can conceive them to be dissimilar things, 

that are differentially capable of self-generated movement. 

Limitations of the present study and directions for future research 

This study represents an attempt to examine intuitive biology from an explicitly 

evolutionary perspective by considering how children's understanding of living kinds 

might vary as function of the specific entity and property they are reasoning about. 

Further work on the topic is clearly needed. The present study examined the 

properties of growth and self-generated movement because several aspects of 

children's intuitive understanding them had previously been outlined (e.g., 

Backscheider, Shatz, & Gelman, 1993; Gelman, 1990; Inagaki & Hatano, 1996; 

Massey & Gelman, 1988; Rosengren et al., 1991), and because it was feasible that 

children would understand that these properties apply differentially to plants and 

animals. It would be most valuable to examine children's understandings of the 

interactions between various other biological properties that they appear to have at 
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least some understanding of; properties such as inheritance (e.g., Hirschfeld, 1995; 

Springer, 1992; Springer & Keil, 1991), disease, and contagion (e.g., Kalish, 1996; 

Solomon & Cassamites, 1999). For the most part, studies concerning children's 

understanding of biological concepts have focused on individual principles in a 

relatively isolated manner and it is not clear how, or to what extent, children combine 

and distinguish characteristics that either cut across all living kinds or apply to only a 

subset. 

The present study utilized a relatively restricted sample of stimulus items. It 

would be of interest to examine objects from a wider number categories ( e.g., natural, 

but non-living things), and a wider variety of objects from within each category. A 

willingness for children to attribute growth to organisms that were less prototypical 

than those used in the present study would strengthen the claim that children 

understand growth to be a feature of all living things. 

One obvious limitation of the present study is the relatively restricted age range of 

the sample. Although it seems clear that four- and five-year-old children understand 

that the properties of growth and movement apply differentially to artefacts, plants, 

and animals, it remains to be seen at what age this ability develops. The relative ease 

and high degree of accuracy with which children were able to perform the present task 

suggest that even younger children may be capable of similar performances. Indeed, 

Backsheider, Shatz, and Gelman (1993) found three-year-olds to realize that living 

things (including both plants and animals) were dissociable from artefacts on the basis 

of growth, and Massey and Gelman (1998), found three-year-olds to be reasonably 

adept at determining the movement capabilities of various animals and artefacts. 
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Moreover, evidence for the early emergence of a sensitivity to autonomous motion 

(e.g., Berthenthal, 1993) suggests that it is likely that children's understanding of 

living things initially takes the cut of an animate/inanimate distinction with a more 

general living/non-living distinction involving understanding of such things as growth 

and inheritance emerging later in development. Understanding how and when the 

principles governing these abilities develop and interact could benefit from 

examination of younger children's abilities to apply such knowledge. 

It is integral to a full understanding of intuitive biology to examine different 

populations of children, especially populations that are likely to vary along 

dimensions relevant to the domain of biology ( e.g., daily interaction with the 

biological world, cultural beliefs about relations within the biological world). Despite, 

the work of Hatano and Inagaki, which looks at Japanese children's biological 

understanding and research examining intuitive biology between cultures ( e.g., 

Hatano, Siegler, Richards, Inagaki, Stavy, & Wax, 1993), "comparative work is .... 

the exception rather than the rule" (Coley, 2000, p. 87). Even the few cross-cultural 

investigations that have been carried out have predominantly used urban samples 

from industrialized societies comprised of children that have had little opportunity for 

interaction with the biological world (Coley, 2000). From an evolutionary 

perspective, it is unlikely for intuitive biology to become fully elaborated without 

extensive engagement with or exposure to living things. As a result, many studies 

may have been investigating a relatively impoverished intuitive biology. Inagaki's 

(1990), finding that even the simple act of raising a goldfish can influence intuitive 

biological reasoning illustrates the point well. 
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Intuitive biology and scientific biology 

Turning to a more general discussion, one implication of an evolutionary approach 

to intuitive biology is clarification of the relationship between intuitive, and scientific 

biology. There is no suggestion that people know or understand biological phenomena 

in the same way that a professional biologist understands it. Indeed there are several 

reasons why this should not be the case. Firstly, a major limiting factor on intuitive 

biology is perceptual salience. In order for intuitive biology to operate on a particular 

biotic category, that category needs to have properties that make it detectable. For 

example, all other things being equal, species that are more abundant in a particular 

environment are more likely to be perceptually salient than those that are less 

abundant. Furthermore, the perceptual salience of an organism will be greatly 

influenced by its physical size. Unlike scientific biologists, intuitive biologists do not 

have access to microscopes and other perception enhancing tools. Because organisms 

large enough to be perceived without the aid of specialized equipment represent only 

the "tip of the biodiversity iceberg" (May, 1988, p. 1442-1444), most of the world's 

life forms will be largely invisible to the intuitive biologist. However, as illustrated by 

disease and contagion, this is not to say that their effects will be invisible. 

By considering intuitive biology as the product of natural selection, we can 

understand it as being shaped for fitness, and not necessarily for veracity. While a 

central component of intuitive biology is the partitioning of the world into species-like 

groups that have an underlying essence, biologists typically reject the notion of 

species essentialism (Mayr, 1969). As Atran (1998) notes, the concept of a species 
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essence may represent a balancing act between what our ancestors could and could 

not afford to ignore about the biological world. From a survival point of view, the 

concept of an essence is well suited for allowing the perception and prediction of 

many properties that link individual organisms together into a local species, and for 

allowing the distinction of one species from another. In contrast, the ability to 

recognise the graded relationships between species across vast expanses of time and 

space would have been largely irrelevant to human evolution. 

Moreover, an innate tendency to construe the biological world as containing 

discrete types with an unalterable causal essence can often be an impediment to 

scientific understanding. By maintaining that species are populations of interbreeding 

individuals with varying traits, natural selection stands in direct opposition to the view 

that the biological world contains species of organisms with fixed, unalterable 

essences, and Mayr (1982) has shown essentialism to be a major obstacle in the 

acceptance of natural selection. An essence based typological understanding of 

biological species appears to be so pervasive and fundamental, that it is difficult to 

overcome even with several years of formal instruction in population based thinking 

(Bishop & Anderson, 1990). "Even Darwin, who was more responsible than anyone 

else for the introduction of population thinking into biology, often slipped back into 

typological thinking, for instance in his discussions on varieties and species" (Mayr, 

1970, p. 5). The primacy of an essentialistic mode of construal does not necessarily 

mean that it is an inevitable or unavoidable way of thinking about the biological 

world. Darwin had the insight to overthrow the conventional understanding of 

biological groups with a theory of populations of individuals, and many evolutionary 

biologists since have also learned to do so. 
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Despite its apparent lack of reality, the tendency to partition the biological world 

into distinct types continues to play an important heuristic role in scientific biology. 

Mayr (1969), has called the readily observable groups of organisms that people 

naturally pick out "nondimensional species," and has suggested that the recognition of 

such groups is a necessary condition for the development of insights into the 

phylogenetic nature of species. Similarly, Atran (1990; 1996) has argued that intuitive 

biology provides the conceptual foundations for much of scientific biology. He 

suggests that the transcending of innate conceptual bounds through cultural processes 

such as science, requires continued access to common sense biological categories, and 

that " ... certain basic notions in science are as much hostage to the dictates of 

commonsense as the other way around" (Atran, 1996, p.675). Professional botanists 

and zoologists for example, typically use standard, everyday, concepts such as bird 

and fish in their scientific work, even though such concepts may not strictly be 

credible. The category of fish is made up of thousands of species, including trout and 

coelocanths, but because the most recent common ancestor of trout and coelocanths is 

also an ancestor of primates, no one branch of the genealogical tree of life captures all 

and only fish. However, for most people, including most scientists, "a coelocanth 

looks like a fish, tastes like a fish, acts like a fish, and therefore - in some legitimate 

sense beyond hidebound tradition - is a fish" (Gould, 1983, p. 363). Moreover, even 

for professional scientists, intuitive biology is indispensable in daily life. Just as 

quantum physicists do not negotiate their everyday interactions with the physical 

world with concepts derived from quantum mechanics, it is unlikely that biologists 

utilize the abstract principles of scientific biology in their day-to-day lives. 
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The foregoing discussion suggests that while intuitive biology may be of limited 

epistemic validity for science, it may have cognitive validity. In other words, despite 

no discrete types of organisms with a fixed essential nature actually existing, intuitive 

strategies for biological investigation may still have heuristic worth, potentially in the 

same manner that it has worth for children. 

Conclusions 

The phenomenon of intuitive biology has been studied from a number of 

perspectives and a large and diverse body of research has been generated. A review of 

this research suggests that our intuitive biological abilities issue from domain-specific 

cognitive structures that are uniquely attuned to perceiving and conceptually 

organizing the biological world. I have argued that these domain-specific cognitive 

mechanisms may plausibly be considered to be evolved psychological adaptations 

designed to exploit recurrent features of the environment in which Homo sapiens 

evolved. 

While much of the research on intuitive biology has been concerned with causal

mechanistic explanations and descriptions, evolutionary explanations are typically 

concerned with a different level of analysis, and provide functional and phylogenetic 

explanations. As such, evolutionary accounts play an important role in furthering our 

understanding of intuitive biology by providing explanations of why intuitive biology 

exists, and why it exists in the form it does. Specifically, the thrust of the argument 

here has been that intuitive biology exists because it conferred an adaptive advantage 

to our ancestors in their hunter-gatherer lifestyles. By facilitating the comprehension 
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of the biological world as containing distinct sets of entities with numerous 

interrelated features, intuitive biology allows for the interpretation and prediction of 

biological phenomena in an evolutionarily relevant manner. 

More generally, it has been argued that an evolutionary approach can be seen as 

providing a unifying framework that draws together a wide range of phenomena 

related to intuitive biology into a coherent explanatory account., By understanding 

intuitive biology as the operation of evolved, species-typical, domain-specific, 

cognitive mechanisms, diverse features of intuitive biology such as its reliable 

developmental emergence, cross-cultural universality, and ability to be selectively 

impaired, can be causally integrated. 

An evolutionary account also offers understanding of the proximate psychological 

mechanisms that produce intuitive biology. The empirical component of this thesis 

involved the generation of hypotheses from explicit consideration of recurrent and 

ecologically important features of the environment (namely, the distinctive 

information patterns afforded by plants and animals) that were used to address the 

much debated issue of whether children have a integrated understanding of the living 

world as being comprised of both animals and plants, or whether their biological 

understanding is better characterized by an animate/inanimate distinction in which 

only animals are seen as living entities. 

It was hypothesized that rather than a broad construal of the biological world, 

children might bring to bear multiple intuitive biological principles in their reasoning, 

allowing them to understand that plants and animals are similar in that they are both 
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living entities, but dissimilar in that only animals are capable of movement. 

Specifically, it was found that four- and five-year-old children considered both plants 

and animals, but not artefacts to be capable of increasing in size, and only animals to 

be capable of moving up a hill. The results are interpreted as demonstrating that 

children understand both plants and animals to be biological entities capable of 

growth, but only animals to be animate entities capable of movement. These findings 

are consistent with the idea that there may be several components within the domain 

of biological reasoning and that these may be of a highly specialized nature. 

The general approach of this thesis has been to consider human intuitive 

biological reasoning within the context of an evolutionary framework. It is certainly 

true that we have nothing even close to a complete understanding of intuitive biology, 

but it seems reasonable to suggest that an evolutionary approach can play some role in 

furthering our current state of knowledge. 
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Artefacts: 

chair 

Plants: 

cup and saucer 

paintbrush 

cactus 

oak tree 

flower 

Animals: 

dog 

snake 

chicken 
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Appendix A 

List of stimuli used in study 1 



Artefacts: 

Plants: 

grinding wheel 

radio valve 

scribing iron 

heathgrass 

AppendixB 

List of stimuli used in study 2 

Clemisia vespertina (an unusual looking flowering plant) 

Gentian spenceri (an unusual looking bush) 

Animals: 

echidna 

dodo 

tapir 
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