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Testing the Prototype Theory of Concepts

JAMES A. HAMPTON
City University, London, United Kingdom

Four experiments were designed to test two predictions of Prototype Theory. The first
prediction was that when the defining (necessary) features of a concept are only partially
matched by an instance, then characteristic (nonnecessary) features of concepts can affect
categorization. The test of this prediction was rendered problematic as successive experi-
ments failed to identify clearly necessary features for a range of concepts. The second
hypothesis related to the independence of features in determining similarity. Most versions
of Prototype Theory assume a linear combination of feature matches, which would predict
that the effect of changing a feature on category membership should be greatest when the
probability of categorization is closest to 50% (i.e. at the category border). The results
showed that, contrary to this prediction, the effect of changing a feature was greatest when
other features were all positive, and so categorization probability was at a maximum. The
results support either a logistic combination rule for assessing similarity on the basis of
feature match (Medin & Shaffer, 1978), or an exponential generalization function relating

similarity to prototype to the sum of matching features (Shepard, 1987).
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One of the most widely cited theories of
concepts in psychology is Rosch’s Proto-
type Theory (Rosch, 1973, 1975). Accord-
ing to Rosch, many common semantic cat-
egories like FRUIT or FURNITURE are
based on concepts with a prototype struc-
ture. Possible members of such categories
are categorized on the basis of how similar
they are to a prototype, which is a generic
representation of the common attributes of
the category taken as a whole. Thus for ex-
ample if the prototype for the category
FRUIT were to include attributes such as
contains seeds, is sweet, grows on trees,
and is round (see Hampton, 1979; Rosch &
Mervis, 1975, for examples), then a poten-
tial instance would be categorized as a fruit
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if and only if it possessed a sufficient num-
ber of these attributes (weighted for their
importance). The chief characteristic of
prototype concepts is that people can
readily list attributes that are generally true
of the category in question, but that they
find it difficult to frame an explicit defini-
tion of the concept in terms of such attrib-
utes (Hampton, 1979, 1981). Instead it ap-
pears that there is a set of attributes which
may carry more or less weight in the defi-
nition of the prototype, and categorization
is based on whether an instance possesses
enough of these attributes.

According to a recent explicit version of
Prototype Theory (Hampton, 1993), the
category membership of a concept such as
FRUIT is determined by computing a mea-
sure of similarity to the prototype, based on
degree of feature match, and by placing a
threshold criterion on this feature-based
similarity scale. Items above a certain
higher level of similarity (that is those with
enough matching features) will be clearly in
the category, while those below some lower
level will be clearly excluded from the cat-
egory. By assuming that the placing of the
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threshold criterion between these two lim-
its is variable across subjects, contexts, and
occasions, Prototype Theory can then
readily explain the inherent fuzziness of
many categories, as seen in the lack of a
clear-cut category boundary. For example
McCloskey and Glucksberg (1978) showed
that people are inclined to disagree amongst
themselves, and even to be inconsistent
across occasions when asked to categorize
instances of categories like DISEASE,
VEHICLE, or ANIMAL, and that this
““fuzziness’’ is largely restricted to the less
typical instances of each category. Such in-
stability in categorization can be explained
in terms of variability in the placing of the
category criterion and in the weight sub-
jects may attach to different features in dif-
ferent contexts. A more detailed formal
treatment of the theory and of how it relates
to the evidence can be found in Hampton
(1993).

While all accounts of Prototype Theory
propose that similarity to the prototype in-
creases with the number of matching fea-
tures, many accounts remain vague on the
function for combining feature matches into
a similarity scale. While there has been re-
search devoted to this topic both in the ar-
tificial concept learning literature (Medin &
Shaffer, 1978; Nosofsky, 1988), and in the
similarity literature (Goldstone, 1994; Gold-
stone, Medin, & Gentner, 1991; Markman
& Gentner, 1993; Tversky, 1977; Tversky
& Gati, 1982), there has been little or no
attempt to model precisely how similarity
relates to match of features in natural con-
cept categorization. The most commonly
assumed function (Hampton, 1979, 1993) is
a weighted sum of matching features, and
this is indeed the function that is most in
accord with Rosch’s model (see also Smith
& Medin, 1981). Hampton (1979) derived a
similarity measure for each instance based
on summing the following function across
the features for a category

S;= D(wi - v p) (1)
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where w; (0 < w; < 1) is the weight of the
ith feature in the prototype and corre-
sponds to the definingness or importance of
that feature for the definition of the con-
cept, and v, (=1 = v;; < + 1) is the
degree to which the instance j possesses the
feature i. Rosch and Mervis (1975) derived
a similar measure of similarity to category
prototype, which they called a Family Re-
semblance Score, based on a sum of the
features that an instance possessed,
weighted by how many other category
members also possessed them. They
showed that typicality in a category could
be predicted by the Family Resemblance
Score, as well as by a second measure of
how many features an instance had in com-
mon with other contrasting categories.
Hampton (1979) showed that the function
(1) can be used in conjunction with a thresh-
old value to discriminate members from
non-members in various common catego-
ries such as BIRD or SPORT, with a rea-
sonable degree of accuracy, even if all val-
ues of w; are set to 1. This linear function
for combining features bears a close resem-
blance to Tversky’s Similarity model (Tver-
sky, 1977).

One of the chief competitors to Prototype
Theory is the so-called Classical Model of
concepts (Smith & Medin, 1981). The Clas-
sical Model proposes that categorization of
instances within a category is based on a
fixed set of ‘*defining features’® which are
individually necessary and jointly sufficient
for categorization. Thus an instance that
possesses all of the defining features must
be a category member, while an instance
that lacks any of the defining features can-
not be a category member. Such definitions
form the basis of many taxonomic classifi-
cation systems.

The Classical Model of concepts, with
roots in analytic philosophy (Sutcliffe,
1993), has been endorsed in various forms
by authors who have questioned the valid-
ity of the Prototype model (Armstrong,
Gleitman, & Gleitman, 1983; Landau, 1982;
Margolis, 1994; Osherson & Smith, 1981,
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1982; Rey, 1983; Sutcliffe, 1993). For exam-
ple, Osherson and Smith (1981), considered
the extent to which prototype concepts
could be used as the elements in a consis-
tent set logic, permitting definitions of set
operations like conjunction, disjunction
and negation. Concluding that if concepts
do not have clear-cut classical definitions,
then a series of logical inconsistencies and
absurdities are liable to follow, they argued
that the Classical Model had been rejected
prematurely. Sutcliffe (1993) also presented
a spirited defense of the Classical Model,
arguing on a priori grounds that it is the
only logically coherent account of con-
cepts.

An apparent difficulty for the simple
Classical Model is the phenomenon of
instance typicality. Rosch and Mervis
(1975) showed that subjects consistently
rate certain category members (e.g.
ROBINS) as more typical of a category
such as BIRD, than other category mem-
bers such as PENGUINS. Although Barsa-
lou (1987) has shown that such typicality
ratings can be remarkably unstable both
across and within subjects, it is nonetheless
the case that differences in the mean rated
typicality of category instances produce ex-
tremely robust effects on a wide range of
cognitive tasks (see Hampton, 1993 for a
summary). A set of necessary features by
itself clearly cannot account for such typi-
cality differences, since all category mem-
bers necessarily possess all the necessary
features. This difficulty led to the proposal
of a second set of features associated with
any concept—termed the Characteristic
Features by Smith, Shoben and Rips
(1974)—which could account for differ-
ences in typicality. Thus categorization
would proceed on the basis of Defining
Features alone (except perhaps where rapid
decisions are required), whereas differ-
ences in typicality reflect the presence or
absence of Characteristic Features. PEN-
GUINS are categorized as BIRDS because
they possess the necessary Defining Fea-
tures, but they are rated as atypical be-
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cause they lack the Characteristic Features
such as flight and roosting in trees.! Char-
acteristic Features may also provide a
means for quick identification of category
members when the defining features are not
readily observable. For example, the criti-
cal “‘defining’’ difference between male and
female people walking down the street is
not directly observable, but the character-
istic features of dress, facial appearance,
and body shape provide a sufficiently accu-
rate categorization for most purposes
(Miller & Johnson-Laird, 1976). The pro-
posal that there are two kinds of feature in
a concept representation—the core defining
features which follow the Classical Model,
augmented by a set of nondefining charac-
teristic features determining typicality—
has been termed the Binary Model of con-
cept structure (Hampton, 1988, 1991, 1993),
and was strongly endorsed by Osherson
and Smith (1981, 1982).

In support of the Binary Model, Keil and
Batterman (1984), demonstrated a develop-
mental trend in young children, which they
called the ‘‘characteristic-to-defining
shift.”” Initially it appears that young chil-
dren categorize on the basis of the most
salient superficial aspects of the world—the
Characteristic Features. Thus an ISLAND
is a place with beaches and palm trees,
while an UNCLE is a large jolly man who
comes to the house bringing gifts at Christ-
mas time. As the children grow older, Keil
and Batterman (1984) documented a grad-
ual shift in the children’s definitions, to the
point where they reject the use of Charac-

! Smith et al. (1974) introduced the distinction be-
tween Defining and Characteristic Features as being
based on a continuum of *‘definingness,”’ thus allow-
ing that some Defining Features may not in fact be
necessary for membership. However, it is clear later in
their paper that they intend Defining Features to be
necessary. Were they not, then the second stage of
their categorization model (in which Defining Features
are examined serially to ensure that they all match)
would be expected to generate erroneous responses
(see Hampton, 1979, for further discussion of this am-
biguity in their model).
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teristic Features and instead base their cat-
egorization on the less obvious Defining
Features used by adults.

The Binary Model is also related to the
“‘theory-based’’ account of concept struc-
ture (Murphy, 1993; Murphy & Medin,
1985), which argues for a much richer rep-
resentation of concepts, taking in much of
the detailed background knowledge of the
world that people possess (for a develop-
mental perspective see also Carey, 1985;
Keil, 1989). Core defining features are cen-
tral because of the role that they play in
theoretical and inductive reasoning involv-
ing the concept. Medin and Ortony (1989),
similarly suggest that the distinction of core
definition and Characteristic Features
serves to account for people’s intuitions
that the ‘‘essence’’ of a concept is the deep
underlying reason for the observable char-
acteristics, which thus makes a category
coherent. Observable characteristic fea-
tures may be ‘‘diagnostic’’ of category
membership, but are not constitutive of the
true concept definition. Medin and Ortony
(1989) however appear to take a more rad-
ical view of the defining essence of a con-
cept. They argue that the essence may in
fact be an empty place-holder for many
people, rather than an identifiable set of
Defining Features (or other form of inten-
sional representation) that could be made
available through introspection. They pro-
pose that a necessary feature is not auto-
matically an essential one. It may be true
that all birds have feathers, so that in the
Classical Model, having feathers is a defin-
ing feature of birds. However, having feath-
ers may not be an essential feature of birds.
The thesis of essentialism propounded by
Medin and Ortony argues that the true def-
inition of BIRD is in fact some deep es-
sence, grounded in a theory of biological
species, and probably involving consider-
ation of DNA, gene pools and the like. Such
essences account for the common features
of birds, and people believe them to exist,
even when they are unable to specify just
what they are. This position is consistent in
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many respects with the *‘rigid designation”
philosophical account of concepts (Kripke,
1972; Putnam, 1975; Rey, 1983), and serves
to differentiate their *‘psychological essen-
tialism™’ from other versions of the Binary
Model in which the core definition is as-
sumed to be a part of the concept represen-
tation possessed by the subject.

The problem with differentiating between
the Binary Model and Prototype Theory is
that many of the sources of evidence often
used to support one or the other theory turn
out on closer inspection to be inconclusive.
Three sources will be considered. First,
while Prototype Theory predicts differ-
ences in typicality amongst category mem-
bers, such differences could equally well be
explained in terms of differences in purely
Characteristic Features (following the Bi-
nary Model), in terms of how well an in-
stance matches some goal-derived ideal
that is part of the definition (Barsalou,
1985), or even in terms of differences in fre-
quency and familiarity amongst instances
(for example in the case of some well-
defined concepts, Armstrong, Gleitman &
Gleitman, 1983). Second, Prototype Theory
predicts the existence of borderline cases
of category membership, but if a concept
happens to have stable feature weights and/
or little variability in the placement of the
criterion then a prototype concept could in
fact produce a clear-cut ‘*‘all-or-none’’ cat-
egory of exemplars. Alternatively, a cate-
gory may appear to have no borderline
cases, simply because no such cases occur
in the natural world—BIRDS may be a case
in point (see Hampton, 1993, for a fuller
discussion). The Binary Model predicts
clear-cut categorization, but it is possible
that there may be other reasons for border-
line cases such as lack of knowledge by the
subject, or linguistic/pragmatic effects
(Hampton & Dubois, 1993}, which are con-
sistent with the existence of a “‘core’” def-
inition. Third and finally, the Binary Model
predicts the existence of features which en-
hance typicality without affecting categori-
zation, yet the existence of such features is
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not in fact incompatible with Prototype
Theory. Consider the prototype concept
represented in Table 1. The concept has
five features, two of which have high
weights, and three of which have low
weights. In order to pass the criterion
threshold for categorization in this case, an
instance must possess a similarity to the
prototype of at least 20. In effect then, the
two highly weighted features are necessary
for categorization and will appear to be De-
fining, since in the absence of either, the
remaining four do not carry sufficient
weight to reach threshold. Similarly, the
two highly weighted features are sufficient
for categorization, since any instance that
possesses both features will reach thresh-
old, regardless of what other features it
may possess.? This example illustrates the
point that the Binary Model may formally
be reduced to a special case of the Proto-
type Theory—one in which each of the
“‘Defining Features’’ has come to outweigh
the sum of the ‘*Characteristic Features,”
and where the criterion has been placed
sufficiently high to require all these highly
weighted features to be present.

In spite of this apparent identity between
the models, there is in fact a way to differ-
entiate between them.® The argument just
presented only holds if the degree to which
an instance possesses a feature is consid-
ered as all-or-none. If however degree of
possession is allowed to vary (as with the
parameter v(i,j) in (1) above), then a dis-
crimination between the two models be-
comes possible. If we suppose that an in-
stance is being considered for the prototype
concept in Table 1, but that it possesses the
first feature to only a limited extent (say
+0.5), then it is possible that possession or
non-possession of the Characteristic Fea-
tures f; to f5 may prove important in decid-
ing how to categorize the instance. Con-
sider an example. Suppose that the defining

2 Interestingly, if the criterion is dropped to 10, then
the concept takes on a disjunctive definition (f; OR f5).

31 am indebted to Dan Sperber for making this sug-
gestion.
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features for a FACTORY are that it is a
building that was designed for the purpose
of manufacture, and is primarily used for
that purpose. Characteristic features such
as appearance, size or location would then
be considered irrelevant to categorization
of a building as a FACTORY. However, if
a particular building did not completely fit
the defining features of a factory—there
was something infelicitous about its design
and purpose—then it may be that the oth-
erwise irrelevant features would now be
considered as relevant. This is the predic-
tion of Prototype Theory, because the ‘ir-
relevant” features would be needed for the
item to reach the similarity criterion for
membership. In contrast the Binary Model
would predict that the Characteristic Fea-
tures remain irrelevant to category mem-
bership in all cases, so that categorization
proceeds solely on the basis of how well the
instance fits the Defining Features.

The first aim of the experiments was thus
to attempt to discriminate between Proto-
type Theory and the Binary Model, by
identifying concepts with a Defining Fea-
ture which was necessary for categoriza-
tion, and with a set of Characteristic Fea-
tures which would not affect categoriza-
tion. (Note that ‘‘Defining Feature’ will be
used in a theory-neutral way to refer to a
feature that is necessary for categoriza-
tion—either because it is part of some de-
fining core, or else because it has a very
high weight in the similarity function).
When the Defining Feature is clearly
present or clearly absent, then the catego-

TABLE 1
EXAMPLE OF A PROTOTYPE CONCEPT WITH
Five FEATURES

Feature Weight
f1 10
f2 10
f3 3
4 2
fs 1

Note. Criterion for category membership is a sum of
feature weights of 20.
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rization probability should be unaffected by
the presence or absence of the Characteris-
tic Features (that is, after all, what makes
them merely characteristic), although dif-
ferences in rated typicality should be seen.
However if the degree to which an instance
has the Defining Feature is compromised in
some way, so that categorization is unclear
on the basis of the Defining Feature alone,
then Prototype Theory predicts that cate-
gorization probability will be increased by
the presence of the Characteristic Features.
If the Binary Model is correct, then the
Characteristic Features will have no effect
on categorization probability, regardless of
the clarity of the Defining Feature, al-
though they should influence rated typical-
ity when the Defining Feature is present.

The second aim of the experiments was
to test an assumption of a certain class of
categorization models based on Prototype
Theory (Hampton, 1993). Where consider-
ation has been given to the function relating
feature overlap to similarity to prototype,
most accounts propose a linear summation
of “*evidence’ for categorization (see for
example, (1) above). Thus the effect of
changing a particular category relevant fea-
ture of an instance (for example making
some hypothetical fruit instance sweet
rather than bitter), should change similarity
to prototype by the same amount, indepen-
dently of what other features may or may
not be possessed by the instance at the
same time. This assumption will be termed
the Feature Independence assumption.

It is important to note that Feature Inde-
pendence does not translate directly into a
prediction about additivity in categoriza-
tion probability. Clearly if an instance pos-
sesses no other category attributes, then
adding a single feature is unlikely to bring it
into the category (although it may still be
considered more similar to the category
than it was before). The similarity will stifl
be too far below the criterion threshold to
lift the chance of a positive categorization
off the floor. By the same token, adding a
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single feature to an instance that already
has a sufficient feature match to be well
above the threshold criterion will have no
observable effect on the probability of cat-
egorization, since the latter will already be
at ceiling, although the change will have the
effect of increasing the rated typicality of
the instance as a category member. Ac-
cording to the Prototype Theory, the rela-
tion between the similarity to prototype
measure (however it is computed) and the
probability of categorization follows a
threshold curve as shown in Fig. 1.

As the predictions of Prototype Theory
depend critically on the assumptions made
about how a continuous similarity scale is
transformed into a yes-or-no categorization
decision, a model of this process will be
briefly outlined, based on the simple notion
of a threshold borrowed from psychophys-
ics. The horizontal axis of Fig. 1 shows the
range of similarity between possible in-
stances and the concept prototype. At the
left lie object classes with very little simi-
larity to the prototype, while at the right
end of the axis lies the instance with maxi-
mum similarity to the prototype. It is as-
sumed that a categorization decision is
reached by placing a variable threshold cri-
terion on this similarity scale. If and only if
similarity of an instance is greater than cri-
terion, will a positive categorization be
made. It is further assumed that the posi-
tion of this criterion along the scale is vari-
able across individuals, contexts and occa-
sions (although not across different in-
stances). The range of variation of the
criterion is proposed to lie within the bound
shown by the two vertical continuous lines
on Fig. 1, while its mean position is shown
by the vertical dotted line between them.
Assuming that the variation in placing the
criterion is normally distributed, then the
probability of a positive categorization for
any given level of similarity to the proto-
type is shown by the cumulative normal
distribution function, represented by the
curve in Fig. 1. When similarity is below
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Probability of Categorization

~'_'lf"V__l'_"l'—lﬁ‘r_l——’{

Prototype

SIMILARITY TO PROTOTYPE

FiG. 1. Threshold curve showing the relation of positive categorization probability to similarity to
prototype of some instance. The vertical solid lines indicate the borderline region in which categori-

zation is variable across subjects and occasions.

the lower bound, then categorization is (al-
most) always negative. When similarity is
above the upper bound, then categorization
is similarly always positive, and when sim-
ilarity lies between the two bounds, then
the probability of categorization lies be-
tween 0 and [—this is the ‘‘border’’ region
where subjects disagree and are inconsis-
tent in their classification of instances.
Independence of features in judging sim-
ilarity to prototype predicts that the effect
of adding (or removing) a feature from an
instance will be to produce a constant shift
to the right (or left) along the similarity
scale. The relation between a change in
similarity and a change in categorization
probability is shown by the slope of the
function in Fig. 1, and this slope is at a
maximum when the categorization proba-

bility is at 50%. Feature Independence
therefore predicts that the effect of altering
a feature of an instance on categorization
probability will be greatest when the in-
stance has a categorization probability of
50% (more precisely, the effect will be max-
imal when the increase in similarity due to
adding the feature takes an instance from a
similarity point some distance below the
50% threshold shown by the vertical dotted
line, to a point an equal distance above that
threshold). In effect, this prediction falls
out of the model because the sensitivity of
categorization probability to changes in an
instance’s features must be greatest when
the instance is closest to the category bor-
der (note that the category border has been
defined here as that point where the prob-
ability of categorization is 50%). Although
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this prediction follows in a straightforward
manner from Prototype Theory, it has not
previously been tested. The second pur-
pose of this paper is to make a direct test of
this prediction.

As a prerequisite for the study it was nec-
essary to identify concepts that had a
clearly necessary Defining Feature, and a
set of Characteristic Features that would
not normally affect categorization. A series
of four experiments were conducted with
this aim. From experiment to experiment,
the concepts and features were developed
and retested in a recursive fashion. As will
be seen, in practice it proved extremely dif-
ficult to identify a sufficiently large set of
concepts that had the desired properties. In
itself this may reflect a lack of imagination
on the part of the investigator. Alterna-
tively it may reflect the very narrow range
of concepts that actually fit the pattern pre-
dicted by the Binary Model. Inter-subject
variation in categorization proved to be
much more widespread than was expected
on the basis of earlier reports (e.g. Keil and
Batterman, 1984; Rips, 1989). Although the
first aim of the experiments therefore
proved difficult to fulfill, the resulting data
provided an opportune source of evidence
to test the second hypothesis—the Feature
Independence assumption of Prototype
Theory. For brevity’s sake, the four exper-
iments will be described together. The
pooled data from the experiments will then
be used to test the prediction relating to the
Independence of features in determining
similarity, and hence categorization proba-
bility.

EXPERIMENTS

Method

Subjects. The four experiments each em-
ployed 72 subjects, with the exception of
Experiment 2, which employed 36 subjects
who each judged two versions of each con-
cept. No subject acted in more than one
experiment. Subjects were adults largely
drawn from students and employees of City
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University, London. All had British En-
glish as their native language.

Materials. An initial list of concepts was
drawn up for the first experiment, based
partly on materials used by Keil and Bat-
terman (1984) who charted the develop-
mental change in children’s categorization
from a classification based on surface char-
acteristics to one based on adult defini-
tions. A list of the concepts (26 in all), to-
gether with the experiments in which they
were used, is shown in Table 2.

The development of materials from ex-
periment to experiment proceeded as fol-
lows. For Experiment 1, a set of 18 con-
cepts were selected, after some piloting
with a larger selection of materials. For

TABLE 2
CoNCEPTS USED IN THE FOUR EXPERIMENTS
Expt. Expt. Expt. Expt.
| 2 3 4

Concept

i
|

Bank (
Bird

Book

Chair

Church

Cousin

Dustbin
Factory

Gun

Holiday

Hote!l

Human

Lie

Lunch

Museum
Orange

River

Road
Streetlight
Supermarket
Swimming pool
Taxi

Theft

Umbrella
Uncle

Zebra - -

C+ 4 1+
L+
L+ 1+

L4+ 4+ 0+ 1+ + + o+ o+

I+ 0+

+

b+ L+ 4+ 4+ + 1+ ++ 1+ 4+ ++
L+ + 1+ 4+ ++ 1+ ++ 0+ 4+ ++ |

S T S I B N T B e S I e
[

Note. Bank was included in Experiment 1, but was
omitted from the analysis because of a printing error in
one of the versions. Experiments 1-3 employed 18
concepts each; Experiment 4 used 12.
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each concept a defining feature (DF) was
chosen, which had a prima facie case for
being necessary. All other defining features
were held constant and were assumed to be
present in their normal form. For example,
for the concept FACTORY, all scenarios
described a building with a particular indus-
trial-related function. The DF + scenarios
specified

The interior of the building was specifically de-
signed to contain machines which are used for
making things which are then distributed and
sold in shops. This is the sole function of the
building.

The DF — scenarios by contrast specified

The interior of the building was specifically de-
signed to contain specially modified machines
which are used solely for training young people
in the skills of machine maintenance. This is the
sole function of the building.

For STREETLIGHT the DF + was that a
light had been put up with the express in-
tention of helping users of a street to see
where they were going in the dark. The cor-
responding DF — was that the light was put
up with the intention of lighting a factory
yard as a deterrent to burglars. Note that
other DF such as that the Factory was used
by people at work, or that the Streetlight
cast illumination were present in all scenar-
108.

Characteristic features (CF) were then
also created, with the intention that they
would be neither necessary nor sufficient
(as a set). For example for FACTORY the
CF + were that the building was

A long low building made of prefabricated con-
crete, with air vents along the ridge of the roof.
The doors are huge allowing large trucks to enter
the building.

The CF — were that the building was

A smart red brick house, with a pretty garden in
front, and ivy growing up the walls. The front
door is oak panelled with a smart brass knocker.

For STREETLIGHT, the CF+ was a de-
scription of a normal looking streetlight,
while the CF— was a description of a ho-

JAMES A. HAMPTON

logram projector that cunningly cast light
onto the appropriate spot (the street or the
yard).

In choosing DF, the commonly accepted
notion was applied that biological kinds are
defined by ‘‘essence’” as determined by ge-
nealogical history, while artifact kinds are
primarily defined by the intended function
for which they were created, and subse-
quently used (Carey, 1985; Keil, 1986; but
see also Malt, 1991). CF were largely cho-
sen to be superficial appearance features,
reflecting the most typical instances in
terms of frequency and ideals (Barsalou,
1985).

Given the selection of DF and CF, it then
remained to create a scenario instance that
would have the DF compromised in some
way, so that the instance neither clearly
possessed, nor clearly did not possess the
DF. In the case of FACTORY this was that

the interior of the building was specifically de-
signed to contain machines which are used for
repairing broken objects. This is the sole func-
tion of the building.

Thus the building was involved in the
production of artifacts, although not in
their original manufacture. For
STREETLIGHT, the compromised DF in-
volved a story whereby the light was in-
stalled for illuminating the factory yard as a
deterrent to burglars, but local residents
persuaded the factory owner to install a
mirror, so that the light also lit up the road.
These compromised DF scenarios will be
labeled as [DF(D].

The combination of three levels of the
DF (+, —, and ?) and two levels of the CF
(+ and —) yielded six scenario instances
for each concept. From experiment to ex-
periment, additional piloting was run, and
the materials were modified in an attempt
to increase the effectiveness of the DF in
relation to the CF. ldeally, the experiment
requires that both DF+ scenarios receive
100% positive categorization, while both
DF - scenarios receive 0% positive catego-
rization (that is the DF is treated as a nec-
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essary feature by all subjects). Each of the
experiments used a set of 18 concepts, ex-
cept for Experiment 4 which used just 12 in
an attempt to improve the match of the data
to this ideal. (Looking ahead to the results
in Table 3, it can be seen that there was a
steady improvement in the match of the
materials to the requirement of a pattern
of 100/ 100/ 0/ 0 percent positive cate-
gorization for DF+CF+, DF+CF —,
DF-CF+, and DF—CF —, respectively,
but that even by the fourth experiment
there was still some systematic deviation
from the ideal pattern.) Examination of the
materials in the first experiment showed
that one possible account for positive cate-
gorization of the DF — might have been that
these scenarios fit no other known cate-
gory. Thus a subject may have continued to
say that the object belonged in the cate-
gory, because it was clearly not in any other
known class. Later experiments remedied
this possible problem by arranging that
DF — should typically belong in a con-
trasting category.? Thus, for example, the
ZEBRA became a horse, or the HOTEL
became an apartment block. The effect of
this change was to help reduce positive re-
sponding to DF —, but not to the point
where CF + DF — showed zero positive re-
sponses. Further examples of concept
scenarios for the concepts UNCLE and
UMBRELLA are shown in Appendix A.
Design. The design of the four experi-
ments was identical with one exception.
The design of Experiments 1, 3, and 4 em-
ployed six groups of subjects, with materi-
als rotated across the six groups, so that
each subject saw just one of the scenarios
for each concept, and so that over all con-
cepts, each subject saw an equal number of
scenarios of each type. Experiment 2 em-
ployed a repeated measures design in which
subjects saw each concept twice. Across
the two scenarios seen by a subject for any
concept, the DF was kept constant, while
the CF was varied. Scenarios were again
rotated across six subject groups defined

“1 am indebted to Jean-Pierre Thibaut for this sug-
gested improvement.
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according to which level of DF was used,
and the order in which the two scenarios
were judged.

Scenarios were printed two or more to a
page, and booklets for each subject group
were assembled with the order of pages ap-
proximately balanced across subjects.

Instructions. Instructions to subjects
were changed slightly from experiment to
experiment in an attempt to encourage sub-
jects to treat the DF as defining. In the first
experiment, subjects were simply asked to
tick a box for Yes or No in response to a
question such as ‘‘Is this a factory?”” or
“‘Does Harry have a holiday?’” In addition
they were asked to give a 5-point typicality
rating for Yes responses (from Highly typ-
ical to Highly atypical), and for No re-
sponses they were asked to rate ‘*“How
close does it come to being an example™ on
a 5-point scale from Very close to Very dis-
tant. (Typicality ratings were required so
that the effectiveness of Characteristic Fea-
tures could be demonstrated.) In subse-
quent experiments, the instructions were
made stricter by emphasising to subjects
that they should respond on the basis of
how the category is really defined. For ex-
ample, for Experiments 3 and 4, the in-
structions gave an instance of the concept
CARPET as an example, and then included
the following:

Read the description of the example carefully,
and decide whether or not this example fits your
definition of what a carpet (for example) really
is. . . . Base your decision as much as possible
on what you think is the real definition of the
term, rather than on whether one could use the
word to refer to the object. For example a stone
statue of a lion. is not a real lion and so you
should say No if asked if it is a lion, even though
one could reasonably use the word ‘lion’ to refer
to it.

The instructions went on:

In considering each case, you should assume
that everything else about the example that has
not been specifically described is normal-for in-
stance in the example above, you could assume
that the cloth was a normal thickness, that the
floor was flat and that the room was in a human
dwelling of some kind. If you feel that it is im-
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possible to decide about a classification because
the decision critically depends on some crucial
information which is missing and cannot be rea-
sonably inferred, then please write down next to
the example what that information would be. (It
is hoped that you will not need to use this option,
as all relevant information will have been sup-
plied.)

After the first two experiments, the typical-
ity/closeness judgement was also removed
from the initial phase of the experiment, in
case it should perhaps lead subjects to
adopt a ‘‘relativist’’ approach to categori-
zation. In Experiment 3 and 4, subjects
simply went through the booklet answering
Yes or No to questions such as “‘Is this
really a chair?”’ When they reached the
end, a final page of instructions asked them
to go back, and give a typicality rating to all
the Yes responses that they had made.
Closeness of No responses was not rated.
Booklets were distributed to subjects who
completed them in their own time.

Results

The percentage of subjects who gave
positive responses to the six types of sce-
nario is shown in Table 3, averaged across
the scenarios in each experiment. (One sce-
nario from Experiment | had to be
dropped, owing to a misprint in one of the
versions). In the following sections, each of
the two predictions of Prototype Theory
will be considered.

Compensation by characteristic fea-
tures. The first aim of the experiments was
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to test a prediction of Prototype Theory
that when a DF was only partially matched,
ther the presence or absence of a set of CF
would influence categorization. It can be
seen in Table 3 that the ability to test this
prediction was compromised by the diffi-
culty of finding DF that were treated as de-
fining by all subjects. In all experiments,
there was a tendency for the DF+CF—
scenarios to be categorized positively less
often than the DF+CF + and for the
DF -- CF + scenarios to be more often pos-
itively categorized than the DF — CF — sce-
narios. In Experiment 4, the effect of the
CF was finally reduced to around 10%, but
there was still an overall effect of the CF on
categorization. In light of the categorization
frequency results, mean typicality ratings
will not be reported.

It appears to have been extremely diffi-
cult to identify concepts for which subjects
agreed on a clear binary distinction be-
tween DF and CF. These results were in-
deed quite surprising on the basis of many
earlier analyses of the defining “‘essences”
of artifacts and natural kinds. Artifacts
have often been seen as being primarily de-
fined by the function for which they are
used, and for which they were intended by
their maker (Keil, 1986; Rips, 1989) (al-
though see Malt, 1990, 1991, for contrary
evidence). On the other hand biological
kinds have been thought of as defined in
terms of some presumed essence, such as a
set of DNA codes, which may not even be

TABLE 3
PERCENTAGE OF SUBJECTS GIVING POSITIVE CATEGORIZATIONS TO EACH TYPE OF SCENARIO, AVERAGED
ACROSS CONCEPTS FOR EACH EXPERIMENT

DF -

DF + DE(?)
Experiment ~ DF+CF+  DF+CF-  DF()CF+  DFMCF-  DF-CF+  DF-CF-

1 9% 63 68 £ 52 29
2 99 66 71 44 48 2
3 92 72 52 31 21 12
4 92 78 45 37 13 8
Mean 95 70 59 38 33 18
CF effect 25 19 15

Note. DF, Defining Feature; CF, Characteristic Feature: ?, partial match to DF.
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known to most people, but which can rea-
sonably be inferred from genetic inheri-
tance (Carey, 1985; Rips, 1989.) Materials
were constructed on this basis. Surpris-
ingly, in the present data genetic essence
did not provide a necessary and sufficient
condition for biological kinds. For example
in Experiment 3, the DF—-CF+ scenario
for the concept ORANGE was as follows:

A round fruit which was grown from a real
Lemon tree, using new high-tech special growing
conditions. It has a waxy orange peel, and con-
tains segments which contain a sharp sweet-
tasting orange-flavored juice. It is pleasant to eat
on its own.

Uniike Rips’ (1989) results in which a bird
that was metamorphosed by radioactivity
into an insect was still judged to be a bird,
many of the present subjects (4 out of 12)
stated that the fruit was really an Orange.
They were apparently quite happy for
Lemon trees to bear Oranges as fruits, as a
result of purely environmental conditions.

The corresponding DF +CF — scenario
used the same story, except that the tree
was a real Orange tree, while as a result of
growing conditions the fruit was yellow and
had sour-tasting lemon-flavored juice,
which was unpleasant to eat on its own. In
this case, only 4 out of 12 subjects judged
the fruit to be really an Orange, in spite of
its clear presumed essence.

Similar problems arose with another bio-
logical kind, ZEBRA. Consider the follow-
ing DF + CF — description:

The offspring of two zebras. The creature was
given a special experimental nutritional diet dur-
ing development. It now looks and behaves just
like a horse, with a uniform brown color.

When asked if this was really a zebra, only
4 out of 12 subjects agreed, the rest of the
subjects ignoring the genotype in favor of
the phenotype, contrary to the assumptions
of psychological essentialism (Medin & Or-
tony, 1989; Rips, 1989).

The overall pattern may be obscuring in-
dividual differences amongst concepts. For
example UNCLE, which is explicitly defin-

697

able in terms of kinship relations of sibling-
hood, parent-hood and marriage, showed
no effect of the CF when the DF was par-
tially matched (DF(?)) in either Experiment
3 or Experiment 4. On the other hand con-
cepts like SWIMMING POOL (Experi-
ments 3 and 4) and BIRD (Experiment 3)
showed large CF effects for DF(?). Unfor-
tunately, given the vanability across mate-
rials and across experiments, it was not
possible to test meaningfully for individual
concept differences. Previous research has
indicated that the way in which concepts
are defined probably varies as a function of
the ontological type of the concept. For ex-
ample, natural biological kinds are consid-
ered to be defined by hidden essence,
whereas artifacts are defined by function
and use (Carey, 1985; Keil, 1986). Other
nominal kinds like UNCLE or LUNCH
(Keil & Batterman, 1985) may have explicit
conventional definitions, The difference be-
tween biological and artifact kinds is shown
up for example in the different susceptibil-
ity of objects to change their ‘‘type’” when
either new discoveries are made about the
material from which they are made, or
transformations are applied to their exter-
nal appearance (Keil, 1986). These differ-
ences in concept definition were built into
the selection of DF in the present experi-
ments. Looking post hoc at natural biolog-
ical kinds versus artifact kinds, there was
no evidence for any differential tendency
for either a better fit to the assumption that
the DF were truly defining, or a stronger
effect of the CF features when the DF were
partially matched. The failure to find con-
sistent results was not therefore a function
of having a variety of concept types in the
selection of materials.

Feature independence. The second pre-
diction of Prototype Theory was that the
effect of changing a category feature on cat-
egorization probability would be greatest
across the category border (as defined by
50% categorization probability). Consid-
ered overall, the data in Table 3 suggest that
the CF effect was actually greater when the
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DF was matched (+) than when it was ei-
ther partially matched (?) or not matched at
all (—). An analysis of variance was carried
out, using scenarios-within-experiments as
cases (N = 65, after excluding the scenario
dropped from Experiment 1), and the fre-
quency of subjects responding Yes as the
dependent variable. Type of Scenario was
treated as a two-way repeated measures de-
sign with DF having three levels, and CF
having two levels. Experiment was in-
cluded as a between-groups factor. The
analysis showed significant main effects of
DF and CF, and significant two-way inter-
actions between Experiment and DF
(F(6,122) = 6.94, p < .001), and between
Experiment and CF (F(3,61) = 8.68, p <
.001), reflecting the gradual increase in the
DF effect and gradual reduction in the CF
effect as the materials were refined. There
was also a significant two-way interaction
between DF and CF (F(6,122) = 4.66, p <
.02). The CF effect was greater when the
DF was matched (25%), than when it was
partially matched (19%) or not matched at
all (15%). There was also a significant linear
trend in the CF effect across the three lev-
els of the DF factor.

In order to remove possible artifacts aris-
ing from the use of frequency data, the re-
sults were transformed and reanalyzed as
follows. One particular factor that may be
distorting the pattern of results is the fact
that the analysis is based on probability of
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categorization, whereas it is the underlying
similarity dimension that is in fact more rel-
evant to the question of feature indepen-
dence. As described in the introduction, the
effect of increasing feature match (similar-
ity) on the probability of categorization
should not be linear but should rather fol-
low a curve such as that in Fig. 1. Accord-
ingly, the frequency data were transformed
into a hypothetical similarity scale as fol-
lows.

First, frequencies of 12 out of 12 were
recoded as 11.75, on the basis that they re-
flect a frequency somewhere between 11.5
and 12 on the scale. Similarly frequencies
of 0 were recoded as 0.25. The frequencies
were then divided by 12 to convert them to
probabilities. These probabilities were sub-
sequently transformed into z scores using
the probability density function for the nor-
mal distribution. That is to say each prob-
ability was converted to the value of z
which would leave that area in the positive
tail of the normal distribution. Thus a fre-
quency of 11.75 was transformed to a prob-
ability of 0.979 and a z of 2.04. A frequency
of 6 became a probability of .5 and a z of
0.0, and a frequency of 0.25 was converted
to a probability of 0.021 and a z of —2.04.
The means in Table 3 were then recalcu-
lated on the basis of the z-transformed data
and are shown in Table 4. Feature Indepen-
dence would then predict that having re-
moved the effect of the non-linearity result-

TABLE 4
MEAN Z SCORES FOR PROBABILITY OF SUBJECTS GIVING PosiTIVE CATEGORIZATIONS TO EACcH TYPE oF
SCENARIO (FREQUENCIES CONVERTED TO Z SCORES BEFORE AVERAGING ACROSS CONCEPTS FOR
EACH EXPERIMENT

DF + DF(?) DF -
Experiment DF+CF + DF+CF - DF(NCF + DEF(N)CF - DF-CF + DF-CF-
i 1.80 0.39 0.47 -0.22 0.02 -0.69
2 1.93 0.45 0.70 -0.20 —-0.05 —0.88
3 1.53 0.74 0.11 ~0.66 -0.94 -1.32
4 1.49 0.88 -0.09 -0.44 - 1.25 -1.54
Mean 1.70 0.59 0.33 -0.38 -0.50 - 1.08
0.7042 0.5732

CF effect 1.1087

Note. DF, Defining Feature; CF, Characteristic Feature; 7, partial match to DF.
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ing from threshold effects, the resulting pat-
tern of data should show equal size CF
effects at all three levels of the DF. Effec-
tively the z transformation of the probabil-
ities straightens out the threshold curve in
Fig. 1.

The ANOVA was recalculated using the
z transformed scores for each scenario. The
pattern of results for the transformed
scores was the same in all major respects as
for the raw frequencies, with a significant
two-way interaction between DF and CF,
(F(2,122) = 10.99, p < .001), which did not
interact significantly with Experiment
(F(6,122) = 1.07). The pattern of means
was also repeated, with a larger CF effect
for the matching DF, than for either the par-
tial matching DF or the non-matching DF.
The linear trend in the CF effect across lev-
els of DF was again significant.

Plotting the CF effect. Analysis on the
basis of the DF and CF fixed effect factors
may present a distorted picture because of
different levels of positive responding for
DF +CF+ and because of different sized
CF effects occurring across different con-
cepts. The three levels of the DF effect
could correspond to different degrees of
similarity {(and hence of categorization
probability) across different concepts. Sim-
ilarly, the CF effect itself was stronger for
some concepts than for others. The z-trans-
formed data were therefore further manip-
ulated in order to produce an unbiased scat-
ter plot of the function relating the size of
the CF effect to level on the underlying sim-
ilarity scale. Appendix B gives a worked-
out example to illustrate the set of data
transformations undertaken. The transfor-
mations were applied to concepts within
experiments, so that a total of 65 cases were
available initially. Selection of a subset of
36 concepts was subsequently necessary in
order to arrive at a sensitive measure of the
effect of manipulating the set of Character-
istic Features on categorization for differ-
ent levels of similarity to the prototype (as
reflected by the manipulation of the Defin-
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ing Features). The transformations were as
follows:

(a) The sizes of the three CF effects cor-
responding to each level of the DF (+, ?,
and —) for each concept were determined
by subtracting the z value for CF — from the
z value for CF +, as in (2) to (4).

CF effect for DF+ =
ZIDF+CF+] — zIDF+CF—-1 (2)

CF effect for DF? =

ZIDF?CF+) — z[DF?CF -] 3)
CF effect for DF - =
z[DF-CF-] — zIDF-CF—-] (4)

(b) In order to equate across materials for
the different effectiveness of the CF manip-
ulations, the raw CF effects from (a) were
then standardized by dividing each of the
three CF effects for each concept by their
mean. The three standardized CF effects
for each concept therefore always had a
mean of 1. The relative difference in their
effectiveness as a function of the level of
similarity to the concept could then be seen
irrespective of the overall level of the CF
effect. This procedure only makes sense if
the Characteristic Features are having a
positive effect on categorization. Division
by the mean for those concepts where the
CF were having little or no effect would
simply magnify noise in the data. It was
therefore necessary to restrict the analysis
to those concepts where the CF were hav-
ing some measurable effect. An arbitrary
cut-off of 0.5 for the mean CF effect from
(a) above was used to select 49 of the 65
concepts across experiments for the analy-
sis. A further restriction on cases was nec-
essary because of ceiling and floor effects
at either end of the scale. Where both
DF+CF+ and DF + CF— scenarios were
attracting nearly 100% positive categoriza-
tion, the scope for a CF effect is obviously
artificially restricted by a ceiling effect.
A similar problem of a floor effect arises
where both DF - CF + and DF -CF — are
attracting nearly 0% positive categori-
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zation. Both problems are caused by the
difficulty of estimating similarity reliably
when the categorization probability is
asymptoting at either zero or one (see Fig.
1). A further selection of concepts was
therefore made which excluded 10 concepts
suffering from ceiling effects and 3 that suf-
fered from floor effects. This exclusion was
done by restricting the range of the average
similarity to — 1.5 to + 1.5 on the scale (see
the ordinate of Fig. 2). The final selection
was therefore of 36 concepts out of the orig-
inal set of 65. Note that the selection of
these concepts for this analysis is moti-
vated simply by the need to find concepts
that on the one hand have effective Char-
acteristic Features, and that on the other
hand have Defining Features which are not
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either necessary or sufficient on their own.
It is only for these concepts that the ques-
tion of Feature Independence can be easily
addressed.

(c) The standardized CF effect data were
paired with the mean z values of the CF +
and CF— versions of each scenario. For
example the standardized CF effect based
originally on the difference between the
DF+CF+ and DF+CF— scenarios was
paired with the mean z value for the
DF + CF + and DF + CF — scenarios. A scat-
terplot was then produced of the 108 (= 36 x
3) pairs of data points. Figure 2 shows the
size of the CF effect (as a standardized dif-
ference in z scores) as the abscissa, against
the mean z value of the corresponding CF +
and CF — scenarios as the ordinate.

4

Standardized CF effect (mean=1)

-1.0 -5

| ?
| .
l E
ﬁ _____________ S L S
Al - B T ,
5

0.0 1.0 1.5 2.0

Average similarity of CF+ and CF- scenarios (as z scores)

FiG. 2. Scatter plot of standardized CF effect (defined as the difference in z values between CF +
and CF — averaged to a mean of 1.0 across the three DF scenarios) plotted against the mean z value
of the CF+ and CF — scenarios. Concepts with low CF effect size have been excluded. Data points
beyond 1.5 at either end of the scale have also been excluded.
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The figure shows a positively sloped
scatter of points, confirming that the CF
effect is larger the closer an instance is to
the concept prototype. Overall the correla-
tion r(106) was 0.5301, p < .001. Note that
attenuation effects due to the end of the
scale have been largely eliminated by the
restriction of the ordinate to a range of
—1.5to + 1.5 (the full scale ran from —2.04
to +2.04). Further analysis of the data
shows that the positive correlation between
the CF effect and average similarity was
only present in the top half of the scale. In
a second order polynomial regression, the
quadratic component of the ordinate scale
was significant and positive. When correla-
tion coefficients were calculated for the top
and bottom half of the scale separately, for
z values =0, r(56) was .689, (p < .001) while
for z < 0, r(48) was —.069 (N.S.). This pat-
tern shows not only that the CF effect was
greater for higher levels of similarity, but
also that the slope of the function relating
CF effect to similarity was positively accel-
erated. There was no apparent change in
the CF effect with decreasing similarity
once the average probability of categoriza-
tion for the two scenarios dropped below
50% (corresponding to z = 0 on the scale).

DiscussioN
Prototype Theory versus the Binary Model

This paper set out to provide two tests of
Prototype Theory. The first test aimed to
differentiate between Prototype Theory
and the Binary Model. This test proved
problematic because in spite of four at-
tempts to refine the materials, instructions
and procedure, the CF were still having an
effect on categorization both when the DF
was present (DF +) and when it was absent
(DF —). It must be concluded then, that the
primary assumption of the Binary Model—
that there exist CF which are not involved
in categorization—received no support.
Contrary to the expectations of this model,
the analysis of attributes into Defining ver-
sus Characteristic Features proved difficult
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to establish and sustain across a range of
concepts. In spite of strict instructions to
subjects to consider the real nature of the
objects being described, and four cycles of
rewriting and editing the scenarios, catego-
rization probability continued to be sensi-
tive to manipulation of features which
prima facie would not be expected to influ-
ence category membership. Particularly
noteworthy was the tendency of subjects to
classify biological kinds on the basis of su-
perficial appearance as well as on the basis
of presumed genetic essence. It was there-
fore impossible to conduct the originally
planned test of the Binary Model, because
of the difficulty of finding sets of materials
that conformed closely enough to the re-
quirements of that hypothesis. It should be
noted that although Prototype Theory's ac-
count of why certain features may appear
necessary could not be tested, the failure to
find appropriate necessary features in the
experiments can also be taken as evidence
for the basic assumptions of the Prototype
Theory.

What interpretation can be offered for
these results? At first blush it would appear
that the data are at odds with earlier evi-
dence from Keil and Batterman (1984)
and Rips (1989). Keil and Batterman (1984),
for example, found that older children
switched from classifying according to su-
perficial Characteristic Features in favor of
classifying by Defining Features. A closer
examination of Keil and Batterman's re-
sults shows that the oldest group (mean age
9 years 9 months) were successfully reject-
ing scenarios of the DF—-CF+ Kkind, but
were still considerably below perfect per-
formance on correctly accepting scenarios
of the DF+CF — kind. The evidence is
therefore that the older children had
learned about the importance of the DF,
but not that they were convinced about the
unimportance of the CF. The data pre-
sented here suggest that for many concepts,
even adults are not convinced that CF
should not affect categorization (Keil and
Batterman did not report an adult control
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group in their published account). It is also
interesting that Keil and Batterman com-
ment that when devising materials they
found it necessary to restrict themselves
largely to kinship terms, terms for social
conventions, and financially and morally
related concepts, in order to find suitable
sets of DF and CF (although they also in-
cluded artifact concepts like HAT and
CHURCH). Keil and Batterman’s data are
certainly consistent with a developing pro-
totype representation in which as knowl-
edge increases, new features are added to
the concept representation, and the thresh-
old criterion is set sufficiently high for
many children to believe that only items
with both DF and CF present are category
members. (It is an advantage of Prototype
Theory that prototype representations very
readily and simply allow for conceptual
growth and change through the gradual ac-
cretion of features, and the gradual learning
of their appropriate weights.)

In another often cited critique of simi-
larity-based categorization models, Rips
(1989) reported a study in which subjects
were given scenarios very like those used in
the experiments reported here. In one sce-
nario a creature with all the features of a
bird is transformed through living near a
toxic waste dump into something that looks
and acts like an insect. (The study involved
a number of different animals undergoing
similar accidental life-time changes). Rips
reported that in such a case subjects tended
to rate the transformed creature as still a
bird, although it was now considered more
similar to an insect. A second study exam-
ined artifacts. For example, in one scenario
two umbrella-like objects were rated for
category membership as umbrellas. One of
the two looked like an umbrella but was
designed for and used as a lampshade. The
other looked like a lampshade, but was
designed for and used as an umbrella.
The results again differentiated similarity
ratings from categorization. The majority
tended to categorize according to designed
function rather than appearance, whereas
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similarity ratings also took account of ap-
pearance. (The generality of some of Rips’
findings has since been challenged by Smith
and Sloman, 1994.)

On closer examination, Rips’ data turn
out to be less different from those reported
here than might be initially supposed.
When the unfortunate bird-like creature is
metamorphosed into an insect, the catego-
rization rating actually dropped from 9.5 to
6.4 on a scale of 1 = insect to 10 = bird.
(Means have been estimated from the fig-
ures in Rips, 1989.) Rips did not ask sub-
jects to make a binary categorization
choice, instead opting for a ‘‘likelihood of
categorization’’ scale, but his data are cer-
tainly consistent with the possibility that if
forced to choose if the creature were still a
bird, a substantial minority of subjects
would have said no. Rips indeed admitted
that ‘‘we were unable to change similarity
ratings without changing categorization at
all,”” a finding that is replicated in the
present study. Similar results were ob-
tained for the artifact data, exemplified by
the umbrella—lampshade case. Modifying
the appearance while retaining the function
had a greater effect on similarity than on
categorization, but the likelihood of catego-
rization still fell from 9.9 to 7.0 on the 10-
point scale. Likewise, the object that re-
tained the correct appearance but was in-
tended and used for the wrong function
managed 3.6 on the scale. Subjects were far
from being confident about the irrelevance
of mere appearance in making category
judgments about artifact kinds.

There is other research which supports
the findings reported here. Studies by Malt
(Malt, 1994; Malt & Johnson, 1992) have
found evidence against the common as-
sumption that natural kind concepts have
cores defined by essences and artifacts
have cores defined by function. Malt (1994)
showed that people’s use and understand-
ing of the concept WATER could not be
simply related to the percentage of H,O
contained in the fluid. Factors such as use
by humans appeared to influence the cate-
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gorization of fluids as kinds of water. Malt
and Johnson (1992) considered the role of
functional use in defining artifacts, and
found that both physical appearance and in-
tended function had an effect on the cate-
gorization of hypothetical objects.

It appears to be an unavoidable conclu-
sion that naive subjects refuse to share the
intuitions of the experts when it comes to
concept definitions. Philosophers and psy-
chologists may agree that natural kinds like
WATER or LEMON should be defined in
terms of some essential and hidden struc-
tural property. The subjects in these exper-
iments and in Malt’s studies do not appar-
ently share this view. The question then is
whether the psychology of concepts should
be modelling concepts per se, or people’s
categorization behavior. This question has
been the subject of a continuing debate
between philosophers and psychologists
(Rey, 1983, 1985; Smith, Medin, & Rips,
1984), and remains a live issue (Hampton,
1994; Sutcliffe, 1993). The position taken
by the present author is that the most cen-
tral issue in the psychology of concepts is
people’s behavior in categorization tasks,
and not the question of whether the beliefs
that drive people’s categorization are cor-
rect.

If the support for the Binary Model is so
equivocal, why does the model have such a
strong intuitive appeal? The answer may be
that for certain concepts, and given a cer-
tain level of education, people may learn to
maximize the weights of some features rel-
ative to the others to the point where a DF/
CF distinction becomes apparent. The find-
ings reported here suggest that this state of
affairs may be less common than is sup-
posed. It is almost certainly a function of
human civilisation (as embodied for exam-
ple in science, philosophy, law making and
civil administration) to take ‘‘folk’’ con-
cepts and to render them more clearly de-
fined. There will be a strong temptation for
those with a great deal of education (such as
researchers and thinkers concerned with
concepts) to suppose that the degree of
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conceptual clarity that they have achieved
themselves is also common to others. How-
ever this remains an empirical question and
the failed attempt to find clearly defined
concepts in the experiments reported here
is evidence against that supposition.

While providing no support for the Bi-
nary Model, the results reported here are
consistent with the radical essentialism pro-
posed by Medin and Ortony (1989). If cat-
egorization is driven by essences which are
hidden from simple inspection, and may
even be unknown to many subjects, then
one would expect subjects to be uncertain
about the categorization of the unusual ex-
amples described in the experiments. A ze-
bra is a zebra because of its zebra-like es-
sence—whatever that may be. Individuals
with little or no schooling in cell biology
and genetics, and little practical experience
of animal husbandry, may be quite willing
to believe that this hidden essence can be
altered through such environmental acci-
dents as a special diet during development.
Paradoxically, the theory of psychological
essentialism predicts a much greater degree
of uncertainty in categorization than the
Classical Model. If the person categorizing
some instance (a) does not know what the
essence of the concept consists of and/or
(b) does not know if the instance being cat-
egorized possesses that essence, then cate-
gorization is likely to be probabilistic and to
be inferred on the basis of the available in-
formation—which itself may well simply re-
flect similarity of the instance to a proto-
type representation of the concept. Proba-
bilistic categorization based on similarity
(as seen in the present results) may there-
fore also reflect concept representations
with unknown essences.

Feature Independence

The second test of Prototype Theory
concerned the question of how feature
matches are combined to derive a measure
of similarity to the prototype. The results
of the analysis of Feature Independence
showed that, as indexed by categorization
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probability, the effect of features on simi-
larity was greater the higher the initial sim-
ilarity. Manipulation of the presence or
absence of the same feature set produced
stronger effects for concept exemplars
which were high probability category mem-
bers than for those that were marginal to
the category. This result is inconsistent
with the predictions of traditional versions
of Prototype Theory, which would expect
stronger effects of feature change on in-
stances that are closer to the category bor-
der (as defined by the 50% categorization
probability threshold). It is also inconsis-
tent with any similarity based theory of cat-
egorization in which the computation of
similarity assumes Feature Independence
(as in Tversky, 1977). Prototype Theory is
therefore in need of revision.

It may at first appear to be paradoxical
that the effect of removing a set of superfi-
cial characteristic features is greatest when
an instance is clearly in the category. It
could be expected that ceiling effects on
categorization probability would be bound
to reduce the size of the effect of removing
the features when the instance is otherwise
a clear category member. If, for example,
one considered a chair that was perfectly
prototypical except that it had six legs
rather than four, then one would not expect
to see the categorization probability drop
by much. The analysis presented here how-
ever was not concerned with this region of
the similarity curve. By only manipulating
sets of characteristic features together, the
design of the present experiments com-
bined their individual effects, so that in
most of the concepts there was a signifi-
cant drop in categorization probability
when the set of CF were removed from the
DF + CF+ scenario. In addition, the anal-
ysis of data shown in Fig. 2 eliminated con-
cepts where the CF effect was very weak or
not present, or where average categoriza-
tion probability for DF +, with and without
the CF present, was close to 1. It is not
argued from the present data that there
would be no region on the curve at which
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categorization probability would be at
asympiote (as in the region to the right of
Fig. 1). However, because of the difficulty
of finding CF which did not affect catego-
rization, this region of the curve was not
well sampled in the present experiments.
Further experiments would need to be run,
sampling from a wider range of scenarios
within zach concept, in order to provide a
clearer picture of the full relation between
similarity (feature match) and categoriza-
tion probability.

The pattern of data found here is in fact
consistent with other results in the litera-
ture on similarity and categorization. First,
Medin and Shaffer (1978) (see also Nosof-
sky, 1988), argued that similarity between
two exemplars of a category should be as-
sessed not as a sum of matching features,
but as a product of matching features. Ac-
cording to their algorithm for assessing sim-
ilarity, the effect of any single feature
would then be multiplied by the presence of
other positive features, producing just the
pattern found in the present experiments.
They saw this aspect of their model as being
a way of incorporating necessary features,
since if any feature dimension were to pro-
duce a match value of zero, then the simi-
larity of the two exemplars would by defi-
nition also be zero. There is obviously more
needed 10 this formulation, for what is true
for a defining feature would also be true for
a characteristic feature. If a bird’s ability to
fly is just so bad that there is no match at all
to the “'flying’’ feature (penguins and os-
triches come to mind as good examples),
then of course the similarity would also re-
duce to zero, and penguins and ostriches
would not be birds. In order to differentiate
between necessary and nonnecessary fea-
tures with a multiplicative rule it is neces-
sary to place some arbitrary constraint on
whether feature matches can fall to zero or
only to some nonzero positive value. Only
necessary features would be allowed to
have the former property. The degree to
which the value of a nonmatching feature
falls below 1 could then be used as a pa-
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rameter of the weight attached to a feature.
In effect each feature would be given a
weight between 0 and 1 corresponding to
the proportional decrease in similarity re-
sulting from negating that feature from an
instance. A weight of 0 would indicate a
necessary feature (similarity reduced to 0%
of its previous level), while a weight of 1
would indicate an irrelevant feature (simi-
larity remaining at 100% of its previous
level.

Such a scheme would still be a Prototype
(as opposed to a Binary) Model, provided
that the threshold criterion placed on simi-
larity for category membership was greater
than zero. With a criterion greater than
zero, an instance could in principle possess
all the necessary features, but still not be-
long in the category (because it lacked too
many of the nonnecessary features). With a
threshold set at zero, the model would re-
duce to the Binary Model, since the only
way for an instance to be rejected would be
for it to lack a necessary feature, that is for
it to have at least one feature with a weight
of zero. It may be argued that as often for-
mulated, Rosch’s Prototype Theory does
not admit of any necessary features. Thus
the prototype is said to consist of a set of
features ‘‘none of which are necessary for
membership.”” However on reflection it is
clear that there must always be a set of do-
main general features which are common to
the whole class, and hence necessary. Thus
all FRUITS are organic, all types of FUR-
NITURE have a human function, all FISH
are living (or were once living). Such nec-
essary features are commonly found in pro-
totype concepts (Hampton, 1979), and do
not undermine the central point of a proto-
type structure, which is that taken in con-
junction such features are not sufficient for
membership, and so do not differentiate a
category from its immediate contrasting
sets.

A second source of confirmation for the
present results comes from Shepard’s the-
ory of stimulus generalization (Shepard,
1987) which proposed that similarity is an
exponentially decaying function of distance
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in feature space. The positively accelerated
curve for the data in Fig. 2 is consistent
with an exponential function relating de-
gree of feature match to underlying simi-
larity. Prototype Theory could perhaps be
rendered compatible with the present re-
sults by the interpolation of an exponential
transformation relating the sum of weighted
features to the underlying similarity dimen-
sion. This proposal is actually effectively
equivalent to the previous suggestion of
a multiplicative combination of feature
matches since:

Similarity = ¢t ¥/ = UV . o (3)

Finally, a study by Tversky and Gati
(1982) also provides an interesting parallel
to the result reported here. In one experi-
ment, Tversky and Gati compared the pair-
wise simtlarity of four stimuli which varied
on two dimensions. They showed that the
rated similarity of a pair of stimuli which
matched exactly on the first dimension, and
differed by (say) 10 units on the second di-
mension was greater than the similarity of a
stimulus pair which differed by five units on
both dimensions. Thus the positive effect
on similarity of one exact matching dimen-
sion was greater than that of two partially
matching dimensions.

Mathematical modeling of concept struc-
ture has previously been largely confined to
artificially constructed stimuli (for exam-
ple, Nosofsky, 1988). A problem with ap-
plying a more quantitative approach to
natural concepts has been an overdepen-
dence on typicality ratings as the critical
dependent variable. Typicality is an impor-
tant phenomenon in its own right, but it
is clear that there are many influences
on rated typicality, over and beyond the
degree to which an instance fits the con-
cept representation (Barsalou, 1985), to the
point where typicality cannot be taken as a
direct measure of degree of category mem-
bership (see also Rips, 1989). It is to be
hoped that the systematic manipulation of
category features, together with the use of
categorization probability as a dependent



706

JAMES A. HAMPTON

measure may provide a more robust mea-
sure of categorization behavior which can

be used to develop more specific models of

conceptual structure.

APPENDIX A

Examples of the Six Scenarios for Two of
the Concepts from Experiment 3

(1) Concept:
DF+CF+

DF(?)CF +

DF-CF+

DF+CF -

DF(?)CF —

UMBRELLA

Waterproofed cloth stretched
over a wire frame to form a
dome shape with a long han-
dle. It was designed to be car-
ried over one’s head, in order
to keep off the rain. It can be
collapsed when not in use.
Waterproofed cloth stretched
over a wire frame to form a
dome shape with a long han-
dle. It was designed as a way
of protecting people from
acorns and small twigs falling
on them when seated under
oak trees in the park. It can
be collapsed when not in use.
Waterproofed cloth stretched
over a wire frame to form a
dome shape with a long han-
dle. It was designed as a kind
of reflector for indoors TV re-
ception. It can be collapsed
when not in use.

Waterproof plastic tacked to
a light wooden frame in the
shape of a hexagon with a
short handle. It was designed
to be carried over one’s head,
in order to keep off the rain. It
can be collapsed when not in
use.

Waterproof plastic tacked to
a light wooden frame in the
shape of a hexagon with a
short handle. It was designed
as a way of protecting people
from acorns and small twigs
falling on them when seated
under oak trees in the park. It

DF -CF -

can be collapsed when not in
use.

Waterproof plastic tacked to
a light wooden frame in the
shape of a hexagon with a
short handle. It was designed
as a kind of reflector for in-
doors TV reception. It can be
collapsed when not in use.

(2) Concept: UNCLE
(Common introduction:)

DF+CF +

DF(?)CF +

DF-CF+

DF +CF —

DF(NCF -

Sam is a little boy aged 5 who
lives at home with his par-
ents. Sophie (aged 22) is his
mother. s this person really
Sam’s uncle?

A cheerful man aged 35 who
comes to the house at Christ-
mas bringing presents for
Sam. He is a regular visitor to
the house. His sister is Sam’s
mother, Sophie.

A cheerful man aged 35 who
comes to the house at Christ-
mas bringing presents for
Sam. He is a regular visitor to
the house. When he was 1
year old, his parents split up,
and his father married So-
phie’s mother, so he is So-
phie’s step-brother.

A cheerful man aged 35 who
comes to the house at Christ-
mas bringing presents for
Sam. He is a regular visitor to
the house. He is a family
friend of Sam’s mother, So-
phie.

A young boy aged 7 who Sam
has never met, and who lives
in Australia. His sister is
Sam’s mother Sophie.

A young boy aged 7 who Sam
has never met, and who lives
in Australia. When he was 1
year old, his parents split up,
and his father married So-
phie’s mother, so he is So-
phie’s step-brother.
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DF-CF—- A young boy aged 7 who Sam
has never met, and who lives
in Australia. He is a family
friend of Sam’s mother, So-

phie.

APPENDIX B

Worked-Out Example of the Data
Transformations Used to Derive Three
Pairs of Data Points for Fig. 2 from the
Set of Six Scenario Frequencies Produced
for a Concept (Frequencies
are Hlustrative)

Fre- Modi-
quency fied Proba- z
Scenario f f bility value
DF+ CF+ 12 11.75 979 +2.04
DF(?) CF+ 8 8 667 +0.43
DF- CF+ 3 3 .250 —0.67
DF+ CF- 10 10 .833 +0.97
DF(?) CF - 5 5 417 -0.21
DF- CF- 2 2 167 - .097
Defining Standardized
feature CF effect CF effect
DF+ 1.07 1.597
DF(?) 0.64 0.955
DF — 0.30 0.448
Mean 1.000

0.67

Note. CF effect = (Difference in z values for CF +
and CF—). eg., 2.04-0.97 = 1.07. Standardized CF
effect = CF effect/average of the three CF effects, eg.,
1.597 = 1.07/0.67.
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