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ABSTRACT 

The study contrasts natural kinds versus artifacts in order to assess 

the impact of domain-specific knowledge on adult subjects strategies 

in a perceptual classification task. Subjects classifications show 

differential weighting of perceptual dimensions as a consequence of 

background context. In addition, subjects display a tendency to reject 

identity within a specific dimension when such a non-identity based 

strategy permitted the creation of a theoretically cohesive category. 

This provides evidence against the view that identity possesses an 

inherent value in classification and supports the alternative, that 

background knowledge determines the degree to which identity is 

valued and the manner in which categories are constructed. 
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The Effects of Domain Specific Knowledge on Similarity 

Judgements. 

INTRODUCTION: 

How do people's world views affect the way that they will 

construct their categories? This study explored two specific questions: 

1) How do people differentially weigh the perceptual attributes of 

a set of objects they are considering, as a 

consequence of the way that they are thinking about it? 

2) In the course of classification, how does the way that 

objects are conceived, influence the importance of identity 

relations between them and consequently affect the way in 

which a category will be constructed? (an "identity relation" 

refers here to cases where items are the same on a given 

dimension (e.g. two people with exactly the same weight) 

This second question is especially relevant to the finding that 

people give special value to the presence of an identity between objects 

(Smith 1989a). This special value for identity renders it as the 

preferred basis for classification. 

The experiment reported here sought to examine both these issues 

by manipulating the contexts in which classifications took place and 

looking at the effects this had on the value attributed to different 

aspects of the stimuli and different similarity relations. Section I will 

deal with the ongoing controversy regarding the role of theory in 



classification strategies. Section II will focus on the case for identity 

as a special similarity relation using Smith's (1989a) model of 

perceptual classification. In Section III a general hypothesis regarding 

the influence of theory on perceptual classification will be presented, 

this will lead into Section IV in which the details of the experiment and 

specific predictions will be introduced. In Section V the method will be 

described, in Section VI the results will be reported and in Section VII, 

conclusions and implications for development will be discussed. 

SECTION I : THEORY-BASED VS ATHEORETICAL CLASSIFICATION. 

A major focus in studies of classification has centered upon the 

differences that have been observed between children and adults in 

their classification strategies — a phenomenon known as the 'holistic-

to-analytic1 shift. When performing perceptual classification tasks 

which involve multidimensional stimuli, older children and adults tend 

to construct groupings on the basis of a single criterial dimension. 

However, younger children below the age of six, have a tendency to sum 

up over all dimensions and sort items on the basis of overall similarity 

(Vygotsky 1962; Inhelder and Piaget, 1964; Kofsky 1966; Bruner, Olver 

and Greenfield, 1966; Denney 1972). In a study by Vygotsky (1962) using 

blocks that varied in the dimensions of size, color and shape, he found 

that adults would, for instance, group all the red blocks together or all 

the large ones. Children on the other hand, created groups of items that 

were globally similar to each other across all the dimensions of shape 
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and size and color. They would, for example, place large, red blocks 

together with medium, pink ones. 

Theories attempting to explain this phenomenon tend to construe 

classification as grouping items according to their perceptual 

attributes without reference to any underlying theoretical or 

conceptual framework (e.g. Smith & Kemler 1978, Shepp, Burns and 

McDonough 1980, Kemler 1983, Smith 1989a, Evans and Smith 1988). 

Kemler's (1983) explanation for the shift posits that it is qualitative 

differences in the perceptual representations of adults and children 

that underlie their different classification strategies. She argues that 

while adults represent items as built up from many dimensions, 

children do not analyze items into their constituent dimensions but 

classify them as undifferentiated perceptual wholes. 

This explains why children can tell when items are the same or 

different overall, but have difficulty identifying the particular 

dimensional source of a difference. For example, they cannot recognize 

that two objects differ specifically because of varying size, they only 

know that they differ. In much the same way that adults can not 

separate out 'integral' dimensions such as saturation and brightness in 

color because they are not perceptually primary, Kemler argues that 

children cannot differentiate the dimensions of size from shape and so 

rely on global similarity. On the other hand, adults' perceptual 

representations generally consist of 'separable' dimensions, thus 

facilitating their analytic approach to classification. In sum, Kemler's 
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perceptually-biased view of classification posits discontinuous 

development. 

Other theorists such as Smith (1989a), while denying the 

qualitative differences that Kemler has suggested, nevertheless still 

consider that categories are constructed on the basis of theory-

independent perceptual information. Smith posits two reasons why in 

tasks such as Vygotsky's block sorting study children are found to 

differ from adults in their classification strategies. First, in 

accordance with Kemler's (1983) suggestion, children's capacity to 

selectively attend to dimensions is diminished. Secondly, and more 

importantly, children use overall similarities because they do not 

differentiate between various kinds of similarity in the way that adults 

do. This proposal will be discussed in some detail in Section II. 

Smith and Kemler's theories, while differing in their perspectives 

on the nature of development, both have their basis in the premise that 

perceptual relations in isolation underlie the organization of 

categories. They both rest on a common assumption that classification 

is largely atheoretical, bottom-up process based solely upon the 

physical properties of the items being considered. 

However, in contrast to this there is another school of thought 

represented by Carey (1985), Murphy and Medin (1985), Gelman and 

Markman (1986) and Keil (1989), that posits top-down processes in 

classification. They argue that the relative importance of the various 

perceptual features in classification items is dependent upon the way 
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that the items they are thought about. In other words, the perceptual 

features are embedded in the context of a theory and given coherence by 

background knowledge. 

Gelman and Markman(1986) provide ample empirical evidence that 

even very young children are not driven solely by the perceptual 

properties of things that they are considering. Their study explored 

whether children were more likely to make inferences about some 

aspect of a target item on the basis of its perceptual similarity to 

another object, or on the basis of shared category membership to a 

third item as indicated by a label. For example, in one triad, 

preschoolers were shown a picture of a dolphin, a tropical fish and a 

shark. The dolphin and the shark were perceptually similar to each other 

and perceptually dissimilar to the fish. The experimenter pointed to the 

dolphin and the children were told that "this dolphin pops above water 

to breathe". The experimenter then pointed to the fish and the children 

were told "This fish stays underwater to breathe". Finally, the 

experimenter pointed to the shark and labelled it as a fish, and asked 

"See this fish. Does it breathe underwater like this fish or does it pop 

above the water to breathe like this dolphin?" 

On the basis of this information, 4 year olds overrode the 

perceptual similarity of the shark to the dolphin and concluded that it 

would be more likely to breathe underwater like the other fish. The 

children favored the inferential power associated with the extension of 

the word "fish" and consequently went beyond the superficial perceptual 
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properties of the stimuli. This reliance upon word extension and joint 

category membership implies that children grasp that the unobservable 

aspects of objects may have greater explanatory power than those 

things that are readily perceivable. This finding generalized across 

categories of inanimate and animate objects and using a slightly 

revised methodology, similar results were found with 3 year olds. 

Soja, Carey, and Spelke(1991), further demonstrate the effects of 

conceptual knowledge on classification. They showed that conceptual 

knowledge of the object/substance distinction in 2-year-olds 

determines which dimensions they will attend to when making 

generalizations. When hearing a label for a novel object exemplar, 

children will ignore comparison sets of objects that are made of an 

identical substance but are differently shaped, in order to apply the 

term to an object made of different material but possessing the same 

shape as the exemplar. In contrast, when hearing a novel word applied 

to a novel substance children will only generalize the term to an object 

made of the same substance and ignore identical shape. (For other 

studies providing further indications of the impact of conceptual 

knowledge in perceptual classification see Carey (1985), Gelman, S.A. 

(1988), Gelman, R (1990)). 

In short, theories that work from the premise that perception is the 

sole factor organizing conception have difficulty accounting for 

findings that indicate that conceptual information strongly impacts the 

way that classifications are performed. However, having looked very 
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generally at the way that classification is affected by context, let us 

now turn to the specific case of identity and its role in categorization. 

SECTION II : THE IMPORTANCE OF IDENTITY 

Smith (1989a) proposes that there is a shift during development 

from the child's global strategy of dealing with unanalyzed whole 

objects to an adult state of analyzing into dimensions. In particular, 

unlike children, adults differentiate similarity into types and prefer to 

classify according to identity. 

Smith's (1989a) empirical demonstration of the increasing 

strength of the identity relation with age, involved asking subjects to 

perform a triad classification task utilizing classification sets based 

upon work by Handel and Imai (1972). Figure 1 illustrates the general 

scheme for the classification materials. 

Insert Figure 1 about here 

Stimuli A and B are identical on Dimension X and different on 

Dimension Y. Stimulus C differs slightly to Stimulus B on both 

Dimensions X and Y and is overall similar to it while being globally 

dissimilar to Stimulus A. So, for example, Stimulus A might be a large 

dark red circle, Stimulus B, a small dark red circle and Stimulus C a 

circle that is only slightly bigger than B and a slightly lighter shade of 

red. 



In Smith's (1989a : Exp 1) task, subjects were presented with 

three types of classification sets which had been constructed according 

to Handel and Imai's scheme. The dimensions being manipulated where 

those of color and size in sets with three magnitudes of stimulus 

difference; a set with extreme values, a standard set and a 

discriminable set. The magnitudes of stimulus difference were varied 

in order to discover how this might effect the classification strategy. 

Figure 2 represents the magnitude differences for each of these 

classification triads. The triad stimuli consisted of circles of varying 

sizes and shades pasted onto white cards. In half the trials the 

dimension of identity (Dimension X) was color, and in half it was size. 

Subjects were presented with sets and asked "To put together the ones 

that go together". 

Insert Figure 2 about here 

Smith found that 2 and 3 year olds relied upon an overall 

similarity strategy, generally placing together Stimuli B and C. The 4-

and 5-year olds attended to dimensions and made judgements on the 

basis of dimensional-similarity but did not specially look for identity 

along the dimensions that they were using to group the objects. This 

was indicated by the switching between grouping together Stimuli B 

and C in the standard and discriminable triads, to then selecting A and B 

in the extreme triad. Subsequent experimentation indicated that around 
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the ages of 4-5 years children were also capable of classifying 

together items that possessed absolute identity. They could group 

together items which looked absolutely the same, and were identical 

across all dimensions. By 8 years of age, children were making grouping 

decisions on the basis of dimensions and paying special attention to the 

presence of identity across dimensions as indicated by selections of 

stimuli A and B. The likelihood of making groupings according to 

identity along a particular dimension strengthened with increasing age 

to adulthood. 

The most salient aspect of Smith's data is the finding that adults 

were so motivated to base their perceptual classifications on identity 

that when progressing from triad to triad, they switched their 

attention between the dimension of color and the dimension of size 

depending upon where identity was present. In other words, when 

Dimension X was color, they selectively attended to Stimulus A and B, 

but they also did this when Dimension X was size. They classified by 

identity above 90% of the time on all varieties of triad. 

This finding, which indicates the importance of identity in 

perceptual classification raises the question of why identity possess 

such a magnetic quality. 

Evans and Smith's (1988) explanation for the value of identity in 

classification is based upon the assumption that in bottom-up fashion, 

classifications are structured according to similarities between the 

features of items. They argue that identity acquires special value in 
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classification because this makes "cognitive sense. Identity (both 

absolute and part) is an equivalence relation, reflexive transitive and 

symmetric." (1988: 24). As a consequence of this inherent property, 

when items share an identity in some dimension, this relationship 

permits inferences to be made of the variety "if a is identical to b, then 

b is identical to a". The capacity to support such inferences means that 

identity can organize conception in a way that other kinds of similarity 

cannot and this explains why it is of particular importance in 

classification. 

It is certainly true that identity is highly relevant in classifying 

and that identity possess the property that Evans and Smith describe. 

However, the argument that this inherent property of identity is 

sufficient to explain why identity has a special value in classification 

is one that the present study seeks to clarify and challenge. The view 

proposed here is that identity along a dimension is not valuable simply 

as a consequence of this property. Identity is special because 

background knowledge indicates that it should be. Background 

knowledge may also determine when identity is not important in 

creating a cohesive category but identity in itself does not motivate 

the structure of a classification. Knowledge motivates when identity is 

valuable and it may then be used as the basis for classification. 

This point can be illustrated by Rips' study (1989) which involved 

asking subjects to categorize several objects. In part one, subjects 

were asked to think about two objects, one that was known to belong to 
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a category that varies in the dimension of size such as a pizza, and 

another belonging to a category where it is important that the size is 

standardly fixed, such as in a quarter piece. They were then asked to 

generate the largest and smallest possible members of each of those 

categories, and finally told to think about an object with a size that 

was half way between the values of the largest pizza and smallest 

quarter. In Part Two, subjects were then asked to decide which of the 

two categories the intermediate object was most likely to belong to. 

Utilizing their knowledge of the potential range of sizes possessed by 

pizzas, and the fact that quarters all have to be the same size, subjects 

categorized the intermediate object as a pizza. 

Background knowledge directed which kind of similarity relation 

would suffice for classifying the mystery object. Identity of size in 

quarter pieces is far more important than any similarity of size could 

ever be. In the conceptual context of quarters, the presence of size 

identity would have promoted category inclusion. However, identity of 

size is not so important with pizzas. Therefore, similarity of size was 

sufficient to provide a good classification. 

The task of creating a cohesive category involves using conceptual 

knowledge in order to generate a set of principles that can be used to 

produce a theoretically coherent grouping. The principles being applied 

will determine what aspects of items subjects should attend to and 

what kinds of similarity relations between items are relevant. In the 
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light of this, several predictions can be made about the inter-relation 

of theory and the role of identity. 

SECTION III: GENERAL PREDICTIONS FROM A THEORY-BASED 

MODEL OF CLASSIFICATION 

The general predictions that can be made are as follows: First, the 

way that items are conceptualized will determine which dimensions of 

the items are more important in classification and this will affect the 

degree to which a particular identity relation is valued. In practice, 

when classification items share dimensional-identities across more 

than one dimension (such as identities in color or size), the way the 

items are thought about will determine which dimension is relatively 

more important. This will have the outcome that one kind of identity 

will be valued more highly than another because of its presence in a 

theoretically relevant dimension. 

To illustrate, imagine a bottle of perfume. The most salient 

feature of perfume, is its smell. Imagine that you have to pick out a 

bottle of perfume for a friend by matching it to a small sample bottle 

of her favorite variety. You come upon two bottles of perfume. One of 

the perfumes is identical in color to your sample but smells quite 

different, the other one is a different color but it smells exactly the 

same. Your background knowledge informs your choice. You will pick the 

perfume with an identical smell because possessing the smell is the 
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important quality and the fact that there is a perfume that is identical 

in color is irrelevant. 

A second general prediction that can be made is individuals will 

attempt to be consistent and create a 'good classification1 by adhering 

to the same theoretically driven principle on more than one occasion. 

This makes sense because if an approach to categorizing a particular 

group of objects is truly coherent, it should be usefully applied to the 

same group of objects more than once. Moreover, subjects should do this 

even though pursuing this option may involve valuing a non-identity in 

favor of another identity present in another dimension that is not 

theoretically relevant. Returning to the example of perfumes, the 

suggestion being made is the following. Having selected one bottle of 

perfume because it smelt identical, you now remember that your friend 

actually asked you to get her two bottles. However, the only bottles 

that are left are one that was identical in color to your sample but 

smells differently, and another that smells almost the same as the 

sample although its color is different. It would seem likely that in this 

instance you will to stick with the principle you used in your first 

choice and use it again. The relevance of smell in your conception of 

perfume should lead you once more to select a bottle on the basis of 

similarity of smell even though you could have selected a bottle 

possessing an identity of color. 

This illustration is useful in indicating a further point about the 

influence of conceptual knowledge in shaping a 'good classification'. 
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Selecting two perfumes because the first had the same smell as the 

sample perfume, and the second was the same color, would have 

indicated a high valuing of identity as a similarity relation but it would 

not have produced a very good category. It would have been theoretically 

unprincipled to switch attention between the dimensions of smell and 

color in order to seek identity because the most important aspect of 

perfume is its smell not its color. A category consisting of three 

perfumes, where two perfumes smell identical to each other, and the 

third smells similar to both of the other two is far more useful than a 

category consisting of three perfumes, where two share color identity, 

two are identical of smell, and two bear no relation to each other. 

Background knowledge dictates when identity is important and when it 

should be ignored in favor of creating a cohesive classification. 

The present study attempted to empirically test these general 

predictions by exploring how sets of perceptual stimuli would be 

classified as a function of manipulating the conceptual context in 

which they were embedded. 

SECTION IV: SPECIFIC PREDICTIONS 

The main focus of the study was to discover on what basis 

subjects would make a classification when given an exemplar of a 

natural kind (animal) or artifact (machine), with the task of selecting 

two animals or machines of the same variety from a set of four 

comparison stimuli. Following Smith (1989a), the stimuli in the 
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classification sets consisted of circles varying in the dimensions of 

size and shade of color that were attached to pieces of white card. For 

more details as to the construction of the stimuli, see Appendix 2. 

Insert Figure 3 here 

Figure 3 depicts the structures of the classification sets that 

were used. As the diagrams indicate, the set of stimuli that were 

compared to the target always contained a stimulus that was identical 

in color to the target but different in size (Stim ID(C)), one that was 

identical of size but different in color (Stim ID(S)), a stimulus that was 

overall similar to the target which could equally be described as being 

dimensionally similar in color and dimensionally similar in size (Stim 

OS/DSim), and finally a distractor (Stim Dist). 

Subjects were also provided with a short story describing the 

origin and life cycle of the target that they were considering which was 

either a little animal or a little machine. The predictions that can be 

made on the basis of my Theory-Dependent Model (T-Dp Model) of 

classification are as follows: 

Predictions For First Choices 

For the natural kinds, it was hypothesized that as a consequence 

of knowledge about biological organisms, more selective attention 

would be paid to the dimension of color in microscopic animals than 



would be attended to with little machines. Animals of the same species 

often have the same pigmentation, especially if they have had to adapt 

to the same environment. In consequence, matching animals because 

they are identical of color might seem to be an sensible approach, 

leading subjects to select Stimulus ID(C) as being the same kind of 

animal as the target. This would occur even though the stimuli were 

quite different in size because background knowledge indicates that 

two animals can belong to the same species and yet be quite different 

sizes because they are different ages and have not attained the same 

level of growth. It is the converse of this argument that could provide 

the reason why identity of size would be ignored. When searching for 

another member of an animal species, it could be misleading to classify 

by attending to the dimension of size because two animals can be from 

very different families and yet have attained the same level of growth 

and be the same size. In this circumstance, size is less conceptually 

relevant than color. 

In the artifacts condition, it was predicted that as a consequence 

of theories about manufactured objects, more selective attention would 

be directed towards the dimension of size when considering a machine 

than an animal. The reasoning behind this prediction was that machines 

are created with the intention of performing a particular function and 

they usually have a similar manufactured origin. Although a particular 

function was not specified in the description of the machine, in general 

the size of a machine is often highly related to its function in a way 
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that its color is not. In addition, because machines are usually 

manufactured from moulds and templates, those that are being 

manufactured to do the same thing and originate from the same source 

are the same size. Templates do not lead to machines being the same 

color. For these reasons it was argued that when trying to choose 

another little machine from the comparison stimuli, subjects first 

choice would be Stim ID(S) which is identical in size to the target. The 

large difference in color between these two stimuli would be regarded 

as less relevant than the identity in size. As a consequence of this 

theoretical bias to size, the stimulus with color identity to the target 

would be regarded as largely irrelevant. 

An Atheoretical Identity Model (AIM Model) predicts that a subject 

will make a classification based on identity because identity is special. 

It makes no prediction as to which dimension of identity might be more 

important. 

Predictions for Second Choices 

Predictions about second choices were made relative to 

predictions about first choices because it was hypothesized that 

individuals will adhere to a theory-driven principle that they have 

previously applied. Failure to do so would make a non-cohesive 

category. In addition, it should be noted from Figure 3 that choices 

made on the basis of overall similarity to the target can only be 

distinguished from those made on the basis of dimensional similarity 



through self report. Objectively a choice that appears to based on 

overall similarity could be self-reported as being based on dimensional 

similarity of color or of size. 

In the natural kinds condition, it was predicted that if subjects 

first choices were more likely to be based on identity of color (Stim 

ID(C)) then their second choices would remain consistent with that 

principle; color would be retained as being a sensible way of grouping 

animals of the same species. In adhering to this principle, it was 

predicted that subjects would ignore the presence of a stimulus 

possessing a relation of identity to the target, because the identity 

would exist in the theoretically less relevant dimension of size. 

Instead, special value would be conferred upon the stimulus possessing 

only a dimensional similarity in color to the target (Stim OS/DSim). It 

was predicted that subjects would self report this choice as being 

based upon dimensional similarity of color. 

In the artifacts condition, it was predicted that a first choice 

would be most likely to be based on identity in the dimension of size. In 

making a second choice, it was argued that subjects would remain 

consistent with the theory that size is relevant to machine function and 

color is not. They would therefore opt for the stimulus with the 

greatest similarity of size out of those stimuli remaining (Stim 

OS/DSim) rather than valuing the identity present in the dimension of 

color in Stim ID(C). It was predicted that subject's would self report 
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this choice as being based on dimensional similarity of size to the 

target. 

An Atheoretical Identity Model based on Smith's construal of the 

importance of the identity relation in classification, also predicts a 

pattern of responses for second choices. In this study, the 

classification sets offered two opportunities to make choices based on 

identity. In each trial, a subject had the opportunity to make a first 

choice based upon identity of size and a second choice based upon 

identity of color or vice versa. If the special value of identity is 

independent of theory, subjects should opt to classify by identity 

whenever they can. In consequence, the Atheoretical Identity Model 

predicts that within each trial, if a first choice is made using identity 

of color then the second choice will be made according to identity of 

size. If the first choice is based upon identity of size then the second 

will be according to color identity. The predictions for this study can be 

summarized as follows; 

Prediction OBSE RVED SELF-REPORT 

T-Dp Model First Choice Second Choice First Choice Second Choice 

Natural Kind ID(C) OS ID(C) DIM(C) 

Artifacts IOCS) OS ID(S) DIM(S) 

AIM Model First Choice Second Choice First Choice Second Choice 

Natural Kind ID(C)/ID(S) ID(S)/ID(C) ID(C)/ID(S) ID(S)/ID(C) 

Artifacts ID(C)/ID(S) ID(S)/ID(C) ID(C)/ID(S) ID(S)/ID(C) 
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SECTION V: THE STUDY 

Method. 

Subjects: 

32 Undergraduates from the University of Arizona, receiving 

course credit for their participation. 

Stimuli: 

The stimuli were constructed according to strict criteria and 

consisted of blue and green sets of circles of varying sizes and shades. 

For further information about stimulus construction please refer to 

Appendix 2. 

The stimuli were structured into classification sets according to 

the schemes represented in Figure 3. Two sets were constructed from 

green stimuli and two from blue. The information from the pilot study 

indicated that a one value difference from the target in the size 

dimension roughly equalled a one value difference from the target in the 

color dimension. The stimuli that were identical to the target on one 

dimension (Stim ID(S) and ID(C)), differed from the target on the other 

dimension by three intervening adjacent values. The OS stimulus (Stim 

OS/DSim) differed from the target by only one value on either 

dimension. Summing up across the dimensions, the OS stimulus (Stim 

OS/DSim) was therefore more similar overall to the target than either 

Stimulus ID(C) or ID(S), even though the latter shared an identity with 
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the target. The distractor differed on both dimensions by two 

intervening values and was therefore more dissimilar to the target than 

both the Stim OS/DSim and Stimuli ID(S) and ID(C). For details of the 

color-aid notations and sizes for the stimuli of each classification set, 

please see Appendix 3. 

Two stories were also constructed. In the natural kinds condition 

subjects had to imagine that they had taken a summer job with some 

scientists who were investigating a variety of microscopic animal. In 

the artifacts condition, subjects had to imagine that they had taken a 

summer job helping some engineers investigate a tiny machine that had 

been created by an unknown inventor. 

In an attempt to assist subjects ability to visualize the stories, 

these stories were constructed to contain a great deal of descriptive 

detail about the objects under consideration. 

Additionally, in both the natural kinds and artifacts condition, the 

machines/animals received names. Within each condition these 

differentiated two varieties of machines or animals, the blue 

classification sets being provided with one name and the green 

classification sets with another. The names for microscopic animals 

were "Hipomia" and "Liphidia". The tiny machines were called 

"Detrometers" and "Namideters". It was thought that providing such 

labels would further assist in subjects' visualization of the task. 
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In this study subjects were required to imagine themselves in the 

situation of having taken a summer job that they wanted to perform 

well. For details of the stories please see Appendix 4. 

Design: 

A between subjects design was used with subjects being 

randomly assigned to either the natural kinds condition or the artifacts 

condition. Subjects were required to carry out four classifications. Two 

of these were performed on classification sets consisting of blue 

stimuli and two were carried out with green stimuli so that the task 

would not become visually repetitive.In half the trials the target 

stimulus was small (diameter,3.25cm) and in half it was the largest 

available size (diameter,6.75cm). The order of presentation of the 

classification sets was counterbalanced across subjects, with the two 

colors of the classification sets being alternated. Usage of the labels 

that differentiated the two varieties of machine or animal in each 

condition was counterbalanced so that half the time they referred to 

blue stimuli and half the time to green. 

Procedure: 

Subjects were seated at a table across from the experimenter. A 

small and large circle of black card was glued on to the table in front of 

the subject. In both conditions subjects were given the following 

instructions; 
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"What I am going to do is give you some information about some 

microscopic animals/tiny machines, and I need you to listen very 

carefully to what I am saying". 

The first target stimulus was then placed on the small piece of 

black card and identified as being a particular example of either a 

microscopic animal or a tiny machine. Subjects were then provided with 

descriptions of the animal/machine that they were looking at, and told 

that as part of their summer job they had been provided with the dish 

containing this one example of the organism/machine. Their job was 

then to look at another dish containing several other 

organisms/machines and identify which of those others was most likely 

to be of the same variety as the exemplar. 

The four comparison stimuli were then placed on the larger piece 

of black card and subjects were then told: 

"Here are the other devices/organisms you need to consider. Point 

to the one that you think is most likely to be a " After 

subjects had made their choice, they were then asked: 

"Out of those that are left, can you point to the one that you think 

is next most likely to be a ". 

Subjects were then presented with the second target, and told 

that this was a different kind of tiny machine/microscopic animal but 

that its characteristics were very much the same as those of the 

machine/animal just described. It was labelled with another name and 

subjects were asked to perform the same task again. 
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The third target was labelled with the same word as the first 

target because it came from the same color spectrum (blue or green), 

and the fourth target was labelled with the same name as the second 

target. In both cases subjects were told that they were looking at 

another example of each of those kinds of animals/machines. 

At the end of this procedure, subjects were then taken back 

through each of the triads and asked to self report on what had 

motivated their first and second choices in each classification. 

SECTION VI: RESULTS AND DISCUSSION 

Analyses were only carried out using data from the first two 

trials (Trials 1 and 2) which were untouched by an order effect that 

occurred in Trials 3 and 4 as a consequence of reusing stimulus names.1 

First Choices 

A 2 (kind) X 2 (size and color of the target in the first two trials) 

was conducted on the each of the strategies that were observed when 

subjects made their first selections. 

Table 1 shows percentage frequencies for each of the first choice 

strategies that subjects were observed using within each condition. 

Table 2 shows percentage frequencies of subject self-reported first 

choice strategies. 
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Table 1: Observed First Choices 

Strategy Nat. Kinds Artifacts Significance 

OS 25% 38% F(1,32)=0.85 P<0.33 

ID(C) 53% 22% F(1,32)=4.80 P<0.02 

ID(S) 22% 41% F(1,32)=2.21 P<0.08 

Table 2 : Self-Report First Choices 

Strategy Nat. Kinds Artifacts Significance 

OS 25% 31% F(1,32)=0.20 P<0.33 

ID(C) 50% 19% F(1,32)=5.22 P<0.02 

ID(S) 22% 34% F(1,32)=0.92 P<0.18 

Dim(C) 3% 6% F(1,32)=0.33 P<0.28 

Dim(S) 0% 6% F(1,32)=2.33 P<0.07 

Other 0% 3% F(1,32)=1.00 P<0.16 

Table 1 indicates that as predicted, subjects attended to identity 

in the dimension of color (53%) significantly more with microscopic 

animals than with artifacts (19%). In the artifacts condition, although 

the difference was non-significant, there was a trend in the predicted 
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direction. More artifacts (41%) were being judged on the basis of 

identity of size, than natural kinds (22%). 

Self report data also indicated that the prediction for natural 

kinds had been supported. Subjects reported that they had made 

judgements on the based on identity of color significantly more with 

natural kinds (50%) than artifacts (19%). There were no significant 

differences in self-reported strategy for first choice in artifacts 

condition but once again the trend was in the predicted direction. 

These findings are not inconsistent with the Atheoretical Identity 

Model because it makes no predictions as to the nature of first choices. 

However, the finding that subjects opted for first choices made 

according to OS at near chance levels, even though at the first choice 

level the stimulus sets are heavily biased towards making an identity 

choice is contrary to both the predictions of a Atheoretical Identity 

Model and the Theory-Dependent Model proposed here. 

Second Choices 

Predictions for second choices were all made contingent upon first 

choices. Table 3 shows the percentage usage of all second choice 

strategies according to each type of strategy observed as being used in 

first choices. Table 4 shows the percentage frequencies of subjects 

self-reported second choices according to their self-reported first 

choice strategy. Relevant significance levels are reported in the text. 
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Table 3: Breakdown of Observed Second Choices Contingent on 
Observed First Choices 

FIRST CHOICE SECOND CHOICE NAT. KINDS ARTIFACTS 

ID(C) 
OS {82%} 57% 

ID(C) ID(S) {18%} 43% 

ID(S) 
OS 43% {85%} 

ID(S) ID(C) 57% {15%} 

OS 
ID(C) {100%} {17%} 

OS ID(S) { 0% } {75%} OS 
Dist 0% 8% 

Key: { } indicate pairs of numbers for comparison within each first 
choice strategy 

Table 4: Breakdown of Self-Reported Second Choices 
Contingent on Self-Reported First Choices 

FIRST CHOICE SECOND CHOICE NAT. KINDS ARTIFACTS 

ID(C) 
DIM(C) {56%} 67% 

ID(C) ID(S) {19%} 33% ID(C) 
OS 25% 0% 

'D(S) 
DIM(S) 29% {73%} 

'D(S) ID(C) 57% { 9%} 'D(S) 
OS 14% 18% 

OS 
IDCC) {100%} {30%} 

OS ID(S) { 0%} {60%} OS 
DIM(S) 0% 10% 

DIM(C) 
DIM(C) 0% 50% 

DIM(C) ID(S) 0% 50% 

DIM(S) 
DIM(S) 0% 50% 

DIM(S) ID(S) 0% 50% 

Key: { } indicate pairs of numbers for comparison within each first 
choice strategy 
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Both the observed and self-report data from subject's second 

choices support the hypothesis that subjects construction of categories 

will differ depending upon domain-specific knowledge and background 

information.They also support the hypothesis that subjects will ignore 

identity in order to remain consistent in selectively attending to a 

theoretically driven dimension and therefore create a cohesive 

principled category. 

The results from the observed data in both the natural kinds and 

artifacts condition strongly show predicted patterns (Table 3). In the 

natural kinds condition, subjects making the predicted first choice 

(ID(C)), chose to ignore identity and select the OS stimulus 82% of the 

time.The difference in strategy usage was significant (Binomial 

probability: p=0.005). The self-report data show (Table 4) that subjects 

making first choices based upon ID(C), followed by color similarity 

judgements ignored identity in favor of a cohesive animal category 56% 

of the time. This difference was also significant (Dim(C) vs ID(S) 

Binomial probability: p=0.05) 

As predicted, in the artifacts condition subjects observed as 

making a first choice on the basis of size identity, most frequently 

opted for a second choice based upon OS rather than identity 85% of the 
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time. This difference was strongly significant (Binomial probability 

p=0.009). Also as predicted the dominant self-reported tendency with 

little machines was to make a well-shaped category 73% of the time, 

by selectively attending to size in both choices (Dim(S) vs ID(C) 

Binomial probability: p=0.02). 

Two other patterns in the data are also quite striking. First, even 

though a substantial proportion of the first choices were made using an 

OS strategy, the second choice strategies strongly differentiated 

between dimensions predicted as theoretically relevant to natural kinds 

and artifacts. Of trials in which there was an OS choice first, 100% of 

natural kinds trials were classified according to color identity in the 

second choice (ID(C) vs ID(S) Binomial probability p=0.004). In the 

artifacts condition, the most frequently observed strategy after an OS 

first choice was based on identity of size (75%) (ID(S) vs ID(C) Binomial 

probability p=0.03) and this strategy was the most frequently self-

reported too although the difference was not significant (60%)(ID(S) vs 

ID(C) Binomial probability p=0.16). 

The finding that first choices were not made on the basis of 

identity is unsupportive for both the predictions of the theoretical 

classification model and Atheoretical Identity Model. However, it 

indicates that identity does not possess an intrinsic value that 

automatically gives it classificatory dominance over all other kinds of 

similarity. In addition, the results showing that second choices 

followed predictions, provides evidence that at some level an 
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underlying conceptual framework was exerting its influence on the 

ways that the categories were structured. 

A second interesting pattern in the data adds support to the 

argument that subjects over-rode identity at second choice and instead 

chose the OS stimulus for theory-driven reasons and not simply because 

the OS stimulus was perceptually the nearest to their first choice. The 

results indicate that if at first choice subjects attended to a dimension 

that was not predicted as theoretically relevant then the pattern of 

their second responses was largely random. They neither classified by 

overall similarity nor by identity in any consistent way. For example, 

subjects in the artifacts condition who acted in an unpredicted manner 

by making a first choice based upon identity of color rather than size 

identity, made observed second choices that inclined slightly towards 

an OS strategy (57%) and yet did not occur significantly more than 

choices based upon identity of size (43%)(OS vs ID(S) Binomial 

probability p=0.27). This non-significant pattern was also self-reported 

(Dim(C) vs ID(S) Binomial probability p=0.23). In the natural kinds 

condition, it was once again the case that when first choices went 

against the theoretical prediction with size identity being chosen over 

color identity, then the second choice strategies were random. In this 

circumstance subjects second choices were slightly more biased 

towards identity (ID(C):57%). However the identity choice was not 

observed as occurring significantly more than the OS strategy (ID(S) vs 

OS Binomial probability p=0.27) and the difference was also non
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significant at self-report (Dim(S) vs ID(C) Binomial probability p=0.23) 

In sum, this pattern of response shows that if subjects first choices 

were not well thought out, then their second choices were haphazard. 

This contrasts strongly with the level of consistency displayed when 

subjects did adhere to the predicted theoretically driven strategies at 

first choice and then made OS second choices. This suggests that when 

subjects made well conceived first choices their second choices were 

also principled and were not purely made on an atheoretical perceptual 

basis. 

SECTION VII: GENERAL DISCUSSION AND CONCLUSIONS 

This study found that manipulating the conceptual context in 

which subjects classified a set of perceptual stimuli led them to 

differentially value identity relations depending on whether they were 

present in a conceptually relevant dimension. In the case of natural 

kinds, at first choice individuals attended significantly more to color 

with microscopic animals than they did with machines. In the case of 

artifacts the tendency was to attend to size more with machines than 

animals although this second finding did not achieve statistical 

significance. 

When subjects used a conceptually relevant first choice strategy, 

their second choices showed continued adherence to that conceptual 

principle Thus, in second choices in the natural kinds condition, 

subjects continued to selectively attend to color, and in the artifacts 
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condition, they continued to attend to size. This adherence to a strategy 

permitted the creation of principled and cohesive categories. However, 

in remaining consistent with their first choice strategies subjects 

assigned greater value to dimensional similarity than dimensional 

identity. This under-valuing of identity leads to the following 

conclusion: 

In contrast with Smith and Evan's view, identity does not possess an 

inherent value that automatically permits it to dominate all other kinds 

of similarity and identity is not, in itself, sufficient to determine how 

a category will be shaped. Background knowledge determines when 

identity or any other similarity relation is valuable in constructing a 

category. 

In addition to these results, it was also found that when subjects 

made a first choice that was not conceptually congruent, their 

subsequent choices appeared random. They did not categorize in a 

manner consistent with valuing identity or any particular strategy. For 

example, when subjects in the natural kinds condition did not 

selectively attend in accordance with prediction to the color dimension 

but instead attended to size, their second choices seemed roughly split 

on whether they were based upon overall/ dimensional similarity or 

identity. As a consequence, it would appear that from the outset 

subjects need to have coherent reason motivating their classification 

strategies or they will end up with an arbitrarily constructed 

category. 
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All these findings should however, be considered in light of the 

fact that a substantial proportion of first choices were OS. They 

therefore did not meet the specific dimensional predictions of the 

Theory-Dependent model or indicate a value for identity in line with the 

Atheoretical Identity Model. Even though this strategy was contrary to 

the predictions of the Theory-Dependent model, the overall pattern of 

results was not totally unsupportive. Subjects second choices did bear 

out theoretical predictions, with the dimension of color being attended 

to in the animal condition and size being attended to with machines. 

This indicates that at some level background knowledge was operating 

to construct a strong category. 

That conceptual knowledge is important in constructing a 

category makes intuitive sense. For the most part it seems unlikely 

that in our everyday life we rely purely upon similarities between the 

perceptual attributes of items, without at least some conceptual 

assumptions guiding our view. Generally this would seem to be true 

even when we are looking at items that we have never seen before. 

Under circumstances in which we are classifying unknown objects, it 

would be instinctive to look at the items and wonder "What are they?" 

before constructing any groups. At the very least you would attempt to 

identify general pieces of information as to whether the objects were 

animate or inanimate, artifactual or natural in origin. Imagine, a 

baseball, a polar bear and alligator. Being unconcerned as to whether 

the items you were grouping together were living or non-living yet 
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attending to the fact that two of them were white might not lead to a 

very useful category (except in cases where a collection of 'white 

things' was all you wished to create). However, on occasions in which 

people really do not possess any deeper notions about the items being 

grouped, they may by default group them according to some global 

perceptual similarity. For example, strategies based upon overall 

similarity are particularly evident in cases of speeded classification in 

which individuals do not have sufficient time to reflect upon the nature 

of the stimuli that they classifying (Kemler 1983). Even Smith accepts 

that the default is probably not dimensionally based when 'processing 

time is limited, when stimuli are complex, and when there is lack of 

relevant knowledge' (Smith and Heise 1990:10) 

The results from Smith's (1989a) experiment should be considered 

in light of this. Smith's finding that children classified according to 

overall similarity and adults used a strategy based upon identity may 

not necessarily demonstrate that identity develops a special value over 

development. It may on the other hand indicate that subjects of 

different age groups brought different levels of background knowledge 

into the experimental task. Even in a laboratory experiment such as 

Smith's that deliberately used 'context-free stimuli', it seems likely 

that adults would have made assumptions about the items that they 

were classifying in order to guide their strategy. Adults would have 

been fairly aware that the triads of card with circles stuck on to them 

were artifacts constructed for the purpose of testing something in an 
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experiment. This context may not have provided subjects with any 

reason to designate the dimension of color as being particularly more 

important than size or vice versa. However, knowledge of the 

intentionality behind the construction of the triads would have made it 

quite salient that some of the circles had been cut out of the same 

color of card and that others had been cut down to the same size. It 

does not seem so surprising that in this situation subjects would have 

obligingly played the game by the rules and attended to the aspect of 

the triads that was obviously being manipulated -the location of 

identity which shifted from triad to triad. 

On the other hand, it is unlikely that the younger children had the 

same insight into the experimental situation as the adults and this may 

have been the underlying reason why they did not apply the same 

strategy. In dealing with sets of stimuli that would have been 

relatively meaningless to them they would probably have been reduced 

to using the default strategy used by most people when they don't know 

the best manner in which to categorize, and grouped together items that 

looked most overall similar to each other. This interpretation of 

Smith's results predicts that in a classification task in which children 

have as much knowledge about the items being classified as adults do, 

that they will perform at the same level as adults because their 

cognitive structure is not fundamentally different, it is simply that 

they lack experience and knowledge. 



Smith (Smith and Heise 1990) has recently reviewed the claims 

made in her 1989a paper and now promotes the view that background 

knowledge informs the way that categories are constructed rather than 

the process of classification simply operating under the brute force 

influence of similarity relations such as identity. Although she now 

suggests that classification is context-dependent, she nevertheless 

still contends that it is atheoretical. In line with other 'resemblance 

theorists' (Rosch and Mervis 1975, Johnson 1983), her view is that 

concepts are largely caused by information that has been derived from 

perceptual experience. This information is abstracted by a general 

purpose mechanism as a consequence of repeated exposures to 

correlated relations in the world. For example, through observation, 

birds become identified as possessing the characteristic correlated 

features of wings, beak, and feathers. New instances are judged as 

being birds by virtue of their degree of perceptual similarity along 

those features, with past experience providing the context that informs 

the weightings of the various dimensions. Explanations of why the 

attributes of the bird are correlated and beliefs about the bird are not 

an integral part of the concept. Conception is tied to the perceptual 

experience because it's purpose is to make sense of what is seen. An 

analogy can be drawn between the way that concepts are represented by 

this view and a folder containing snapshots of varieties of the same 

kind of object.These snapshots are not in the folder together because 
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they are semantically connected, they are only there because they look 

similar in some way. 

Smith would probably argue that the finding of a dissociation 

between the strategies used by subjects in the natural kinds condition 

and those in the artifacts condition is not due to domain-specific 

theory-based reasoning about the mechanisms of biology and 

manufacture. Instead she would probably attribute it to knowledge 

acquired in an atheoretical bottom-up fashion. The argument would be 

that when asked to make choices, subjects review their past 

experiences with machines and abstract the information that they have 

more frequently been exposed to sorts of machine that have the same 

size than kinds of animal that have the same size. In the other 

condition, their perceptual experience would lead them to conclude that 

they have more often been exposed to kinds of animal that had the same 

color than varieties of machine with the same color. 2 

However, in response to this there is sufficient evidence to 

suggest that this whole view of concepts as atheoretical is misguided. 

People's notions about the nature of things do make reference to 

unobservable and coherent underlying principles although the degree of 

elaboration in an individual's explanatory belief systems probably 

differs depending on whether those things are natural kinds or artifacts 

(Keil 1989). Our notions about biological kinds, such as "what it is to be 

a cat", are not limited to observable features (i.e. a cat is something 

that has four legs, a tail, claws and purrs). We seem to possess rather 
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elaborate theories, both biological and psychological, that revolve 

around a core conviction that there is an underlying 'essence' or an 

interaction of internal processes within a cat that makes it a cat. 

The clearest demonstration that people 'go beyond' the observable 

in their concepts has been provided by Keil(1990). In his examination of 

the origins of biological beliefs, he showed children and adults pairs of 

photographs depicting animals such as a tiger and a lion. Subjects were 

then told about three different processes by which the tiger came to 

look like the lion. The first kind of transformation involved making the 

first animal look like the second through skin-tight costumes and 

masks. The second kind of transformation involved restructuring the 

external appearance of the first creature through sticking pieces on, 

painting and shaving it. The third kind of transformation was 

potentially a credible biological process for some adults in that the 

first animal was given a pill or injection early in life that made it grow 

up looking and acting like the other animal. Keil found that even 

preschoolers over-rode perceptual information and believed that the 

tiger remained a tiger even though it looked exactly like a lion in its 

costume. In addition half the fourth graders and most of the adults did 

not believe that the injection/ pill had essentially changed the animal 

even though it looked as though it had in the photograph. Keil's 

conclusion was that although subjects level of theoretical elaboration 

varied at different ages even preschoolers have beliefs that there are 
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unobservable processes within an animal that maintain its identity 

regardless of changes on the outside. 

In a similar study Rips (1989) has found that adults not only 

dissociate between the appearance and 'real' nature of natural kinds but 

also have a tendency to do this with artifacts. He found that when 

adults have an object that looks very much like an umbrella described 

to them but are then told that the designer intended it to be a 

lampshade adults then view the object as a lampshade that can be used 

as an umbrella. 

The fact that people have these sorts of intuitions does not seem 

to be readily explainable if concepts are viewed as consisting of data 

from perceptual instances. But in addition to this an atheoretical 

scheme would seem to have problems explaining why people possess 

superordinate categories such as 'TOOLS' and 'TOYS' that are 

perceptually heterogeneous even though they are conceptually coherent. 

It would also have trouble explaining our usage of nominal kind terms 

such as 'PET' and 'MOTHER', which have perceptual overlap with the 

underlying concepts of 'ANIMAL' and 'WOMAN' and yet are conceptually 

distinct. While no theory of acquisition has certain answers for these 

questions, it is difficult to see how a bottom-up theory would account 

for the majority of concepts (e.g. nap, joke, love, idea, nation), some of 

which are acquired very early and yet are non-perceptual in nature or 

the fact that people with sensory deficits such as those who are blind 
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or deaf possess the same concepts as everybody else (Landau and 

Gleitman 1985). 

In response to the specific interpretation of my results that 

Smith's current position might suggest, the conclusion that these 

results occurred as a consequence of bottom-up processes seems 

unlikely for two reasons. First, it seems improbable that people have 

necessarily been exposed to microscopic animals that have been the 

same color more than they have been exposed to animals of the same 

size. If they have perceived microscopic animals at all, they have 

probably been all shapes, colors and sizes. In fact it would be unlikely 

that they would have been exposed to any kinds of animals that shared a 

completely identical attribute even those that were relatively 

perceptually uncomplicated such as worms. Similarly with machines, it 

seems unlikely that people have had the repeated perceptual experience 

of being exposed to machines of the same size even when those 

machines serve the same function. Imagine,for example, televisions, 

telephones and batteries they all vary in size, shape and color. Even 

artifacts emanating from the same mass-produced source may be prone 

to variation. However, our background knowledge about the manufacture 

and functioning of machines does suggest that size is relatively more 

important than the dimension of color. While it may seem to be a 

tenuous assertion that subjects purely drew upon their past perceptual 

experiences in their judgements, it seems less doubtful that 

undergraduates do have sufficient knowledge about biology and 
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manufacture to facilitate them in making principled guesses regarding 

which perceptual dimensions might be more important for animals and 

machines. 

The second reason for thinking that my results did not occur as a 

consequence of subjects using general purpose abstraction mechanisms 

is because in self-report and without prompting subjects suggested 

that they were making reference to theories. In the artifacts condition 

of this experiment, the function of the little machines was never 

specified because to do so would have led to a lack of equivalence 

between the structures of the artifacts and natural kinds stories. 

However, subjects would frequently ask what the machines did because 

they felt that being ignorant about the most salient aspect of a machine 

- it's function - made them less able to classify the machines properly. 

Their concern seemed to be that without this information they were not 

in the best position to isolate the best strategy for category 

construction nor could they affirm whether the principle that they had 

chosen to use made sense. This desire to know the machine's function 

for classification purposes indicates that subjects were using 

theoretical knowledge to generate their responses and argues against a 

purely bottom-up approach. Function is not a directly perceptual 

property of any machine, it is a theoretical construct. 

The second piece of anecdotal evidence indicates the degree to 

which subject generalized their domain-specific theories to drive their 

categorization judgements. Subjects subsequent descriptions of the 



logic behind their choices provided some insights into the bias towards 

the color dimension with the animals. For some subjects, working 

within a natural kind framework, the piece in the story describing the 

microscopic animals as liking "to keep out of direct sunlight" was 

extremely salient. A comparable sentence appeared with the little 

machines who "had to kept out of direct sunlight". However, biological 

knowledge about animals meant that the issue of direct sunlight was 

more relevant to animal categorizers than machine categorizers. The 

reason for this was that the little animals' light sensitivity would 

obviously be reflected in their color and animals of the same species 

with the same light sensitivity would share the same or a similar color. 

Both these anecdotes demonstrate that when categorizing in the 

absence of a piece of information, individuals will seek further 

information and/or embellish information that is currently available in 

a way that is in line with their theoretical perspective. This would not 

have been expected if their concepts of machines an animals were not 

embedded in some kind of fairly complex causal belief system. 

To conclude, this study found that domain-specific knowledge 

about natural kinds and artifacts led subjects to classify the same sets 

of perceptual stimuli in different ways. In both conditions, theoretical 

concerns meant that subjects favored categorization strategies that 

did not involve identity. This undermines the contention that identity is 

inherently valuable. Instead it indicates that the importance attributed 

to identity or any other similarity relationship between objects 
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depends upon the way that those objects are conceived. It is now an 

issue for further research to determine the origin and detail the nature 

of these domain-specific theoretical constraints that are so central in 

organizing our conceptual structure. 
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FOOTNOTES 

i. An order effect occurred with approximately eight of the 

subjects. As indicated by self-report, in some instances, choices 

made in the first two classification sets interfered with choices 

being made in the last two classification sets. This was caused by 

the repetition in Trials 3 and 4 of the labels that had been used for 

the animals/machines in Trials 1 and 2. The motivation for using 

the words twice had been that they were intended as referring to a 

superordinate category. However, a subject seeing a blue target 

labelled an "Namideter" in Trial 3, who had already seen a blue 

target "Namideter" in Trial 1 would sometimes try to make 

classification choices based upon both of these exemplars of the 

'Namideter' rather than by just restricting themselves to the 

current trial. The first two trials for each subject were unaffected 

by this order effect, however, half the subjects received a small 

light green target and large dark green target in their first two 

trials and the other half received small dark green/ large light 

green targets first. As a consequence of this, a second IV was 

added to the analysis, in order to ensure that no effects were 

attributable to subjects having viewed different targets first. No 

effects of Target were found.Table 1a Appendix 5 indicates the 

results from this analysis 



2. Thanks to Csaba Veres for discussion of this issue. 
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FIGURE 3: STRUCTURE OF CLASSIFICATION SETS 
SET #1 

6 

5-

4-
LU 

n 3 i 
CO 

2 -

1 -

0 

TARGET 
0 HID(S) 

H OS/DSim 

• DISTRACTOR 

0 ID(C) 

1 I I I I 
1 2 COLOR 4 5 

SET #2 
6 -

5-

4-

b! 3 H 
CO 

ID(C) 

•DISTRACTOR 

2- 0 OS/DSim 

q ID(S) 
n TARGET 

o H 1 1 1 1 1 1 
' 2 CO?OR 4 5 6 



5 6  

APPENDIX 1: HUMAN 

(uman Subject Committee 

June 4, 1991 

Deborah Kelemen, B.A. 
c/o Paul Bloom, Ph.D. 
Department of Psychology - Room 509 
University of Arizona 

RE: HSC A91.56 EFFECTS OF DOMAIN SPECIFIC KNOWLEDGE OH 
CATEGORIZATION JUDGMENTS 

Dear Ms. Kelemen: 

We received your project approval form and revised consent form for 
your above referenced project.. The procedures to be followed in 
this study pose no more than minimal risk to participating 
subjects. Regulations issued by the U.S. Department of Health and 
Human Services [45 CFR Part 46.110(b)] authorize approval of this 
type project through the expedited review procedures, with the 
condition(s) that subjects' anonymity be maintained. Although full 
Committee review is not required, a brief summary of the project 
procedures is submitted to the Committee for their endorsement 
and/or comment, if any, after administrative approval is granted. 
This project is approved effective 4 June 1991 for a period of one 
year. 

The Human Subjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
M-1233, which is on file with the Department of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further changer* 
or additions will be made either to the procedures followed or to 
the consent form(s) used .(copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose. 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours, 

William F. Denny, M.D. 
Chairman 
Human Subjects Committee 

cc: Departmental/college Review Committee 

SUBJECTS APPROVAL FORM 

THl UNIVERSITY Of 

ARIZONA 1690 N. Warren (Bldg. S26B) 
HEALTH SCIENCES CENTER Tuoon. Arizona 8577.4 

(602) 626-6721 or 626-7S75 
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APPENDIX 2: EXPLORATORY STUDY FOR STIMULUS CONSTRUCTION 

Introduction 

The study used stimuli drawn from the work of Smith (1983, 

1989) and consisted of circles of differing sizes and colors mounted on 

white card. These stimuli were organized into similarity sets using a 

modified model of the 'standard' triad from Smith (1989a)(Fig.1) in 

which the critical dimensions were color and size. The relationships 

that held between these stimuli are represented in Fig. 3. Simply 

stated, the sets comprised a target stimulus with two stimuli that 

were identical to the target on one of the manipulated dimensions and 

dissimilar on a second (Stim ID(S) and Stim ID(C), a third stimulus that 

was overall similar/dimensionally similar in color and size to the 

target (Stim OS/DSim), and finally a distractor stimulus that was 

dissimilar on both dimension to the target (Stim Dist). 

Extensive exploratory work was carried out to ensure that the 

stimuli were constructed to reflect the relationships that held between 

stimuli in Smith's experiment. It was necessary to ascertain that the 

estimated magnitudes of difference in the size of the circles paralleled 

estimated magnitudes of difference in their color. A report of the 

procedures used for collecting this data follow: 
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Method for Triad Construction 

Subjects: 26 University of Arizona undergraduates receiving credit for 

their participation. 

Materials: 

— Five circles of identical color but varying size, each mounted on 

white card. Circle diameters were used that had been identified by 

Smith (1989a) as being adjacent values. Diameters were: 6.75cm, 

5.75cm, 4.75cm, 4.00cm, 3.25cm. 

-- Eight Color-Aid cards, selected from one continuous section of the 

green spectrum. Color-Aid notation from darkest to lightest tone was: 

G-Hue, G-T1, G-T2, G-T3, G-T4, G-S1, G-S2, G-S3. 

— Eight blue Color-Aid cards, selected from the parallel blue section of 

the Color-Aid range. Color-Aid notation from darkest to lightest tone 

was: B-Hue, B-T1, B-T2, B-T3, BT-4, BS-1, BS-2, BS-3. 

— All Color-Aid cards were wrapped in clear protective sellophane. The 

cards were all numbered randomly from No. 1-10 except for the darkest 

card of each set which was allocated as Card No.l. 

— The size cards were also numbered randomly from No. 1-10 except for 

the largest size card which was allocated as Card No.l. 

— Five ratio scales, from 0 to 30 marked off in half units. 

Task One: Subjects were presented with a row of the five circle 

cards in which the circle with the largest diameter (6.75cm), was 

placed at the left most position of the row and labelled Card No.l. The 
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other cards appeared in random order to the right of this card. Subjects 

were then asked to rearrange the cards by size using Card No.1 as their 

starting point. 

Task Two: Subjects were subsequently shown the number cards 

again in the arrangement that they had provided and given a 0-30 ratio 

scale marked with half units, on which Card No.1 had been marked off 

for them above the zero point. They were asked to look at the size cards 

and mark the numbers of the cards along the scale so that it reflected 

how similar or different they felt the cards were from each other and 

how similar or different they felt the cards were from Card No.1. Prior 

to the first scaling task, subjects were presented with an example 

using yellow color cards in which they were shown how the comparison 

scaling could be approached with a sample ratio scale. 

Task Three: Subjects were presented with the row of eight 

green Color-Aid cards in which the darkest card (G-Hue) was placed at 

the left most position of the row and labelled Card No.1. All cards to 

the right of this card were in random order. Subjects were then asked 

to reorder the cards using card No.1 as their starting point. 

Task Four: Subjects were subsequently shown their previous 

ordering of the eight color cards again and given a ratio scale on which 

Card No.1 had been marked off at zero. They were then asked to place 

the numbers of the color cards along the scale to reflect how 

similar/different they felt the cards were from each other and how 

similar or different they felt the cards were from Card No.1 
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Task Five: The green cards were left in front of the subject in 

the order in which they had arranged them. The size cards were then 

once again laid out below the color cards in the order in which the 

subject had arranged them. The size cards were then removed and 

presented in the following comparison pairs: 6.75/5.75, 5.75/4.75, 

4.75/4.00, 4.00/3.25. Subjects had been instructed to look at each of 

the size card pairs as they were presented to them and consider how 

similar or different they found the cards to each other, and then select 

two of the color cards which reflected the same degree of similarity or 

difference as the size cards had to each other. The task was 

additionally presented in the style of analogy: " Size card A is to B, as 

Color card X is to ? ". 

Subjects starting point in the comparison task was anchored, by 

placing the darkest card (G-Hue: Card No.1) above the largest size card 

(6.75cm: Card No.1). The comparisons then proceeded from this point 

with all other selections being the choice of the subject. 

Task Six: Subjects were subsequently shown again the five color 

cards that had been selected as a result of the comparison task and 

asked to mark them off on a ratio scale using instructions previously 

noted. 

Apart from the standard position in the task order of Task No.1 which 

was used to screen for perceptual difficulties, the tasks were carried 

out in random order with the relevant reordering tasks preceding rating 
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tasks. The same subject then repeated this battery of tasks (excluding 

the reordering and rating of the size cards) using the blue color-cards. 

R e s u l t s  

From the comparison tasks it was found that the relationships 

between the sizes (6.75, 5.75, 4.75, 4.00, 3.25) paralleled the 

relationship between the green colors: (GS-3, GS-1, GT-1, GT-2, 

GT-4), and the blue colors (BS-3, BS-2, B-Hue, BT-1, BT-3). For 

example, the relationship between the circles with diameter 6.75/5.75 

was judged to be the same as the relationship between the blue shades 

BS-3/BS-2 and the green shades GS-3/GS-1. 

Ascertaining the correspondence between these colors and sizes 

permitted the creation of stimulus sets in which the sums of the 

dimensional differences between the target and the Overall Similar 

stimulus (Stim OS/DSim) were less than the sums of the dimensional 

differences between the target and each of the stimuli that were 

identical to it on one dimension (Stim ID(C) and Stim ID(S)) 

The Overall Similar Stimuli (Stim OS/DSim) were constructed so 

that they differed by only one value on the dimensions of both color and 

size from the target. Although the targets were each identical to Stims 

ID(C) and ID(S) on one of the two manipulated dimensions, subjects 

ratings showed that their differences on the dimension where there 

was non-identicality were three times greater than those existing 

between the target and the Overall Similar stimulus on those 
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dimensions. Summing up over the dimensions, the distance between the 

Overall Similar stimulus (Stim OS/DSim) and the target was one-third 

of the difference between the target and Stim ID(C) or the target and 

Stim ID(S). The stimuli sharing an identity with the target (Stimuli 

ID(C) and ID(S)) were consequently, less perceptually similar to the 

target than the overall similar but non-identical stimulus (Stimulus 

OS/DSim). The distractor (Stim Dist) differed from the target on both 

dimensions by two intervening values and was therefore more 

dissimilar to the target than both the Stim OS/DSim and Stimuli ID(C) 

and ID(S). 

These values were used so that subjects would not be presented with 

confusing perceptual information that would lead them to see all three 

critical stimuli as equivalently similar to each other and the target.The 

stimulus sets were constructed so that the degree of similarity 

between the target and each comparison stimulus was sufficiently 

obvious such that if, for example, a subject made a choice based upon 

identity, it would be clear that they were valuing this relation more 

than a close similarity and vice versa. 

On the basis of this data two blue and two green stimulus sets 

were created. In half the target was the smallest size and the lightest 

tone in the color range, and in half it was the largest size and darkest 

tone. 
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Target 

i) (GT-4,3.25) 

(Target) 

ii) (GS-3,6.75) 

(Target) 

iii) (BS-3,6.75) 

(Target) 

iv) (BT-3,3-25) 

(Target) 

Comparison Set 

(GT-4,6.75)(Stim ID(C)) 

(GS-3,3.25)(Stim ID(S)) 

(GT-2,4.00)(Stim OS/DSim) 

(GS-1,5.75)(Stim Dist) 

(GS-3,3-25)(Stim ID(C)) 

(GT-4,6.75)(Stim ID(S)) 

(GS-1,5.75)(Stim OS/DSim) 

(GT-2,4.00)(Stim Dist) 

(BS-3,3.25)(Stim ID(C)) 

(BT-3,6.75)(Stim ID(S)) 

(BS-2,5.75)(Stim OS/DSim) 

(BT-2,4.00)(Stim Dist) 

(BT-3,6.75)(Stim ID(C)) 

(BS-3,3.25)(Stim ID(S)) 

(BT-1,4.00)(Stim OS/DSim) 

(BT-2,5.75)(Stim Dist) 
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APPENDIX 4: NATURAL KIND AND ARTIFACT STORIES 

Natural Kind Story : Microscopic Animals 

(Target stimulus is laid on small black piece of card and pointed to) 

This is what a Liphidia/Hipomia looks like. 

Liphidia/Hipomia are microscopic animals which live in the swamps in 

the Southern parts of the U.S.A but nobody knows that much about them. 

Scientists have recently become very interested in these little animals. 

It's already known that Liphidia/Hipomia like to keep out of direct 

sunlight. They don't live for very long,in fact they die after around eight 

months. When they reach maturity they eat a great deal and reproduce 

frequently" 

"Pretend that over the summer, you have taken a job assisting some of 

the scientists down at one of the swamps. 

(Point to target) 

They have already given you a dish containing this one example of a 

Liphidia/Hipomia. Your job down at the swamp, is to look at another 

dish containing several organisms from the swamp. You have been asked 

to decide which of those other organisms is most likely to be 

Liphidia/Hipomia. (Comparison stimuli placed on large piece of black 

card) 

Here are the other organisms you need to consider. 



Point to the one that you think is most likely to be a Liphidia/Hipomia. 

Out of those that are left, can you point to the one that you think is the 

next most likely to be a Liphidia/Hipomia 

(Present second target) 

"This is another variety of microscopic animal but it's life cycle is 

much the same as Hipomia/Liphidia's life cycle. 

This is what a Hipomia/Liphidia looks like. 

Like Hipomia/Liphidia, Hipomia/Liphidia also like to keep out of direct 

sunlight, they don't live for very long. Also when they become mature, 

they eat a great deal and reproduce a lot" 

(Point to target and proceed as before) 

Artifacts Story: Little Machines 

(Target card is laid down and pointed to) 

This is what a Detrometer/Namideter looks like. 

Detrometers/Namideters are tiny electric machines which were created 

by an unknown inventor from the Southern parts of the USA but nobody 

knows that much about them. 

Engineers for a certain company have recently become very interested 

in these tiny machines. 

It's already known that Detrometers/Namideters have to be kept out of 

direct sunlight, they don't work for very long, in fact they stop 

functioning after about eight months of use. When operating at their 
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highest potential, they generate a lot of heat and consume a great deal 

of power. 

Pretend that over the summer you have taken a job assisting some of 

the engineers at a laboratory. 

(Point to Target) 

They have already given you a dish containing this one example of a 

Detrometer/Namideter. Your job at the laboratory, is to look at another 

dish containing several devices. You have been asked to decide which of 

those other devices is most likely to be a Detrometer/Namideter. 

(Comparison stimuli placed on large black card) 

Here are the other devices you need to consider. Point to the one that 

you think is most likely to be a Detrometer/Namideter. 

Out of those that are left can you point to the one that you think is next 

most likely to be a Detrometer/Namideter. 

(Present second target) 

There is another variety of little machine but its working cycle much 

the same as the Namideter's/Detrometer's working cycle. 

This is what a Namideter/Detrometer looks like. 

Like Namideter/Detrometers, Detrometers/Namideters also have to be 

kept out of direct sunlight, they don't work for long. Also when they are 

operating at the highest potential they generate a lot of heat and 

consume a great deal of power. 

(Point to Target and proceed as before) 
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APPENDIX 5: TABLE 1A 

Table la: Analysis of Strategies According to Stimulus Sets 
Viewed in Trials One and Two 

Strategy Target A/B Target C/D Significance 

IDCC) 0.69 0.81 F(1,32)=0.19 P<0.66 

ID(S) 0.69 0.56 F(1,32)=1.25 P<0.62 

Key. 
Targets A/B=Targets in 1st two triads:smail light green, large dark 
blue. 
Targets C/D=Targets in 1st two triadsrsmall light blue, large dark green 
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