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Polymorphous Concepts in Semantic Memory

JamMEs A. HAMPTON

The City University, London

Two experiments tested a set of predictions derived from Smith, Shoben, and Rips” (1974)
Characteristic Feature Hypothesis and two-stage categorization model. Experiment I clicited
category definitions from subjeets, and Fxperiment 11 measured categorization latencies, Neither
a strong version af Smith ot al.’s theory, which assumes that defining features are common to all
category members, nor a weaker version, were well supported by the results. It is argued that an
alternative feature-based model of category definitions, using the notion of a Polymorphouy
concept. can account for the results without making the distinction between defining and
characteristic features, on which Smith et al.’s model] refics.

Much interest in recent years has been given
to the question of how noun categories such as
fruit or bird are defined. Two main classes of
model have been described in which category
information is either (a} contained n a net-
work linking different words or “concept
nodes” (c.g., Collins & Quillian, 1972) or (b)
encoded by a system of features or meaning
components (also called attributes or pro-
perties). An infiuential model of the latter type,
which attempted to create a quantifiable
feature-based model of categories, was pro-
posed by Smith, Shoben, and Rips (1974). The
model is based on what they term the
Characteristic  Feature Hypothesis. This
hypothesis makes a distinction between two
types of features in the defintion of a category.
Defining features provide the necessary and
sufficient criteria for deciding whether any
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word is a category member; whereas the
characteristic features only determine the typi-
cality or centrality of category members, and
the semantic rclatedness of nonmembers. The
distinction of the two types of feature is made
by setting a cut-off point on a continuum of
definingness along which the features are as-
sumed to be ordered.

The two types of feature are further dis-
tinguished by the role they play in the model of
categorization decisions proposed by Smith et
al. (1974). The model has two stages. The first
stage makes an overall “holistic” appraisal of
the degree of feature overlap between the
category and the item to be catcgorized. If a
sufficient degree of match or mismatch is
found, then a rapid Yes or No decision can be
made. All the [eatures, characteristic and
defining, are involved 1n this first stage, If an
intermediate degrec of overlap is found in the
first stage, then a second stage of processing
procecds to check only the defining features of
the category against those of the instance, thus
preducing an accurate, bul slower judgement
of category membcership.

The research described in this paper is
concerned with feature-based modcls of ca-
tegory structure, It was intended that by
eliciting from subjects the leature definitions
of eight categories, a specific test could be
madc of Smith et al’s (1974) model. 1 is
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one hour. The session was divided into two Materials. Eight category names were selec-
parts. In the first part, subjects were asked to ted from the list used by Battig & Monlague
give descriptions of eight noun categories. For  (1969) for collecting their norms of category
each of the categories a set of seven different  members. Three informal ¢riteria were used by
questions was used in order 1o encourage the experimenter to guide the- selection of
subjects 1o generate as many different pro- categorics:
perties as they could. Thus, for cxample. {1) Members ol the category could be si-
phrases such as “looscly speaking” and “tech-  milar to one another in a number of different
nically speaking” (known as hedges (Lakoff, ways, without there being an obvious pro-
1972)), were used in order to ask a subject 1o perty that they all had in common.
consider why some items might be only (Wittgenstein referred to this characteristic as
loosely speaking a kind of Furniture, and in  showing “family resemblances” (1953, pp. 31—
particular what properties of an item would  34}).
make it belong to the category or would (2} There appeared to be degrees of typi-
exclude it from the category. Other questions  cality among the category members, and there
required subjects to consider why items were other words which although outside the
should be typical category members or bor- category. were still relatcd to it in meaning,
derline cases. In all questions involving the {3) There were some cases which appeared
consideration of particular examples, in order  to be doubtful or borderline members of the
to avoid biasing the subject, no particular category.
cxamples were ever given by the experimenter. The cight categories were Kitchen Utensil,
Thus, the subjcct would be required to pro- Furniture, Vehicle, Sport, Fruit, Vegetable,
duce his own examples. In the second half of  Fish, and Bird. Most of the words for the
the scssion, the subject was presented with a  categorization rating task in the second part
list of 30 words for each of the cight categories.  of the experiment were selected from the
The experimenter read out the name of one of  category norms provided by Battig &
the categories, followed by the list of words for  Montague (1969). A wide range of typicality
that category. To each word, the subject made  was aimed for, and several nonmembers of the
a vocal response according to a seven-point  categories werc included, selected from the
response scale, ranging from 1 for definite most infrequent responses to the category in
catcgory members, through 4 for “unable to  the category norms. In some obvious cascs, a
decide™ or “don’t know.” to 7 for totally translation from American into British ter-
unrelated words. The scven possible responses  minology was made (for instance, can-opener
were written out on a card which the subject  to tin-opener, and sidewalk to pavement).
kept in front of him while making the
decisions. Results and discussion

In the first part of the experiment, the order The resuits are presented and discussed in
of presentation of categories was balanced [lour sections. The first section describes how a
across subjects, so that each category occurred  final list of the main featurces of each category
the same number of times in each ordinal wus produced from the propertics given as
position, and also followed each of the other definitions of the categories. The sccond sec-
categorics the same number of times. For the  tion describes the construction of a scale of
second part, the subjects received the same rated membership for each list of category
order of presentation of the categories as  words, The third section examincs in detail the
previously, and the order of the words in each  relation between the features of each category
list was randomized, but was the same forcach  and the rated category membership of the lists
subject. of words, and provides a test of the four
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predictions derived from Smith et al.’s (1974)
model {using the strong version for the ident-
ification of defining features). A final scction
discusses the implications of the findings and
considers them in the light of an alternative
lcaturc-based model.

{1) Derivation of the category features. Since
all subjects received the same seven questions
about cach category in the same order, no use
could be made of the information of which
properties were produced in response Lo
which questions. Subjecls’ responses were
therefore poeled over the seven questions for
" each category. By pooling responses across
subjects. a large list of properties was obtained
for each category, ordered according to the
frequency with which they were given. In
order Lo kcep the experiment within man-
ageable limuts, it was necessary to reduce these
lists to a reasonable size by excluding the least
important properties. One obvious way to
achteve this is to use the production frequency
as a measure of the importance or salience of a
property for defining a category. As acheck on
this procedure, an independent group of 16
judges was asked to rate the importance of
each calegory property given by more than
lour of the 32 subjects. These properties were
written out in alphabetical order, and the
judges placed them in a rank order, according
to how important they felt each property was
for defining the category in question. There
were between 13 and 22 propertics to be
ranked for each category. There was signilic-
ant agreement betwecn judges on the rankings
(Kendall's coeflicient of concordance, W, had
values between .21 and 58 in all cases p < 001,
Siegel 1956). The rankings weve therefore
averaged to give a mean rank for cach pro-
perty. Kendall's rank correlation coefficient
tau (Sicgel, 1956} between the mean ranked
importance and the production frequency of
cach property was computed for each list of
propertics. All the correlations were in the
predicted direction (mean tau=0.373), with
high frequency properties being ranked as
more imporlant, and six of the eight values
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were significant beyond the .05 level. It may
therefore be concluded that production
frequency may be used as a measure of the
importance of a property for defining a ca-
legory, thus providing evidence for the major
assumption underlying the method adopied in
this experiment. The results also provide sup-
port for Smithetal.’s(1974) prediction that the
category featurcs may be ordered according to
some underlying variable called definingness.

The lists of properiies [or each category
were therefore reduced by excluding those
properties which had low scores on both
measures. Properties given by fewer than cight
of the 32 subjects which were also ranked in
the less important half of the list of properties
ranked, were excluded, leaving a final short list
of properties which was then taken for the
purposes of the experiment as the list of
features for the category. There were between
8 and 16 features for each category in the final
short list. They are shown in the Appendix.

{2) Derivation of a scale of rated membership.
The ratings given to the lists of words in the
second part of the experiment were summed
over subjects, and lingarly transformed to fit
on Lo a scale ranging from 100, corresponding
Lo unamimous agreement that a word 1s de-
finitely a category member, to 0, indicating
complete agreement that a word is definitely
not a category member. A value of 50 cor-
responded to a response of “unable to decide,”
which was the response “4” on the 7-point
rating scale. To justify summing over subjects,
the subjects were divided into two groups at
random in three different ways, and the corre-
lation between the mean ratings for cach
group were caiculated for each category.
Spearman’s rank correlation coefficient rg
(Siegel, 1956), had values .67 < r, < .80, with a
median of 94, p< 001, demonstrating a high
degree of agreement between subjects.

Twe other independent measures of degree
ol calegory membership were compared with
the scale produced in the present experiment.
Category Production Frequency taken from
Baitig & Montlague (1969), which 15 the
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frequency with which a word is produced as a
member of the category, correlated with the
scale significantly in all categories. Kendall’s
tau had values between .39 and .69, p < .005.
The other measure was a rating of Typicality
taken from published data from Rosch (1975),
who used six of the cight categories included in
the present experiment. In this case, corre-
lations were higher (.65 < tau< .80, p<.001)
indicating the similar nature of the two tasks
of rating membership and rating typicality of
members.

(3) Testing the category definitions. Tn the
two previous sections, category features were
operationally defined as the properties fulfil-
ling certain criteria of production frequency
and rated importance, and a scale of rated
membership was constructed for the eight
categories. It is therefore now possible to
compare the two, and analyze the relation
between them. In particular, it is possible to
examing the complete set of features in order
to identify those which are defining and those
which are characteristic in Smith ¢t al.’s (1974)
terms. Adopting the strong version of their
model, a defining feature is one which is
common to all category members. The defin-
ing features are therefore those which are
possessed by all the words with a rated
membership of greater than 50 on the scale.
{Additional evidence for placing the category
boundary at 50 comes from the data reported
in Experiment II. In that experiment a selec-
tion of the words rated in Experiment I were
presented with others to subjects for a forced-
choice Yes—No categorization decision. A
comparison of rated membership with the
number of Yes responses a word received
showed a strong linear relationship (r=0.96),
with 50% Yes responses corresponding to a
rated membership of 50.27 on the scale. The
scale position 50 is therefore the most jus-
tifiable position for defining the category
boundary. The effects of allowing the boun-
dary position to vary for each category are
discussed in a later section).

Characteristic features are those which de-
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termine typicality of membership. If we make
an arbitrary division of category members
such that typical members are those with a
rated membership greater than 75, then the
characteristic features are identifiable as those
possessed by more typical members than
atypical oncs. (The exact level at which the
criterion was placed is arbitrary, but small
changes in the level did not significantly affect
the choice of the characteristic features). In a
similar way the range of nonmembers may be
arbitrarily divided into related words (with
rated membership between 25 and 50) and
unrelated words (with rated membership Jess
than 25), so that the features associated with
the relatedness of nonmembers may be
identified.

In order to make this analysis, it was
nccessary to decide which of the words possess
which of the category features. To this ¢nd,
four postgraduate students acted as judges,
and decided for cach word-feature pair whet-
her the object named possessed the property
or not. A five point scalc was used from +2
=definitely yes, through 0= uncertain, to —2
=definitely no. Judgments were summed
across judges to give a score of between +§
and —8. For the categories of FISH and
BIRD, only three judges were used. In ad-
dition to the 30 words used in Experiment 1,
cach judge assigned scores to between 11 and
7 additional words which were used in
Experiment II, described later.

In order to improve the accuracy of the
analysis, these additional words used in
Experiment II, were added 10 the lists of 30
words used for Experiment 1, by assigning
them to one of the four quarters of the
membership scale on the basis of the number
of Yes responses they received in the categori-
zation task used in that experiment. (The close
relationship between the number of Yes re-
sponses and the rated-membership of words
that were used in both experiments has al-
ready been mentioned). For each category
there were therefore in all between 41 and 47
words distributed across the four quarters of
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the membership scale and for each of these
words, the degree to which they posscssed
cach of the catcgory featurcs had been cs-
timated by the judpes.

(a) Identifving the defining features. The
defining features were operationally defined as
those with a positive [eature score for all the
words with a rated membership ol greater
than 50 (or with more than 50%; Yes responses
in Experiment IT). Between two and seven
defining features were identified for cach ca-
tegory. These features are indicated in the
Appendix by use of the Label ID. For exampile,
the categery VEGETABLE had three defin-
ing features—“EDIBLE,” “PLANT,” and “IS
CULTIVATED.” Hawving thus chosen the
delining features, we can now test the first
prediction of Smith ot al’s (1974) model,
namely that taken in conjunction, the defining
features are not only necessary but also suf-
fictent for category membership. Table 1
shows the words in each list which, while
possessing all the defining features of the
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calegory, were not rated as members. Tt may
be secn that 1 six of the eight categores, the
conjunction of defining features is far from
sufficient as a definition of category member-
ship. Only for VEHICLES and BIRDS is
there an adequate set of defining features, such
that no nonmembers possess them all, The
data do not therelore lend support Lo a strong
version of Smith et al.’s (1974) model.

The fit of the conjunctive definitions could
be improved in two ways. First, il additional
“nearly necessary™ features are added to the
definition, on the condition that the numbcr of
additional nonmembers thereby excluded ex-
ceeds the number of category members which
are also excluded, then an optimal solutien
with the minimum number of misplaced items
can be obtained. This manipulation may be
more in keeping with the weaker version of
Smith et al.’s theory, in which defining fcatures
may be common to a large majority bul not
quite all category members. By this technique,
the number of misplaced items drops from a

TABLE |
WorDS POSSESSING ALL [DEFINING FEATURES WITH RATED MEMBERSHIF Liss THAN 5000 R PCOROENTAGE OF YeS
i RESPONSES LESS THaN 507%.%

Catcgory Words in Lxperiment T

Kitchen Utensil

Thermometer (41,1},
table (31.2), placemat (28.6)

Words in Experiment I1

Apron {44)

Blackboard (37). swing (12), dustbin {6},
pen (0}, house (0)

Youa (25)

Walnut (25), auberginc (19), peppercorn
(6), pea {6), caulillower (&), swode (0,
potato ({0)

Furniture Radio (49.5), ashtray (44.3), chairleg (44.1),
fridge (42.2), trunk (39.1), sewing-machine
{29.7), door (25.5). deskblotier (23.4), ladder
{11.5), van {1.6)

Vehicle —

Sporl Bar-lootball {44.2), tiddleywinks (42.7), camping
(36.5), juggling (31.8}, dancing (28.6), singing
{11.4)

Fruit Ciherkin {27.6), marrow (23.4), cucumber (22.4),
garlic (11.%), onion (9.4), mushroom (4.7)

Vegetable Tomato (49.5), mango {48.2), rice (42.7), rhubarb Tangerine {0), gooseberry (U)
(40.6), avocado (29.2), olive [28.6)

Fish Shrimp (33.3), lobster (24.5), tadpole (20.3)

Bird

7 Values shown in parentheses represent raled membership for words in Experiment [ and %; Yes

responses for words used only in Experiment 11,
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mean ol 6.25 per category to an optimum level
of 3.0 items per category. However, consider-
ation of the particular items misplaced sug-
gests that this lack of fit is still serious for the
model. For example, the failure to exclude
WALNUT from the category of FRUIT,
carries the implication that other kinds of
NUT would be equally misplaced if tested
against the definition. .

The alternative manipulation to improve
the fit is to allow the scale position of the
category boundary to deviate from 50. if a
narrower definition of membership is em-
ployed, then more common features can be
found, and so a better feature definition
obtained. By this means, the mean number of
misplaced items drops to 2.25 per category.
However, the boundary level must be allowed
to rise above 70 on the scale to achicve this
degree of improvement. Such a wide deviation
may be hard to justify.

{(b) Identifving the characteristic features. In
order to identify the characteristic features,
thc members of each category were divided
into Typical members (with a rated member-
ship of greater than 75) and Atypical members
{with a rated membership between 50 and 75).
Characteristic features were defined as those
having significantly more words with positive
scores belonging to the Typical end of the
scale, using a Fisher Exact test with the 3%
significance level as the criterion (Siegel, 1956).
The featurcs selected by this method arc
indicated in the Appendix by the label “C.”
For instance, characteristic features of
VEHICLES are that they “HAVE
WHEELS,” and of BIRDS that they “SING.”
Tt can be scen in the Appendix that all eight
categorics had identifiable characteristic fea-
tures, the number per category varying be-
tween two and six. The second prediction of
Smith et al’s (1974) model was therefore
supported. The third prediction was that the
characteristic featurcs should be lower on
some underlying dimension of definingness
than the defining featurcs. This prediction was
tested using two different measures of the

HAMPTON, JAMES A., Palymorphous Conceptsin Semantic Memory , Journal of Verbal
Learning and Verbal Behavior, 18:4 (1979:Aug.) p.441

JAMES A. HAMPTON

definingness of the features. First it was found
that the defining features had a significantly
higher production frequency than the charac-
teristic features (a median of 24.5 compared
with a median of 16.5, p<.05 on a Mann-
Whitney U test). Sccond, in all cight categories
the defining features were rated on average as
more important than the characteristic fea-
tures in the rating task described in Scction (1)
above (p< .01, sign test). Both predictions
concerning the characteristic featurcs were
therefore supported.

However, an clfect not predicted by the
Characteristic Feature Hypothesis was also

‘found. The mean feature scorcs of typical

category members were significantly higher
than those for atypical members even when
just the defining features of the category are
considered {p< .01, sign test). Thus typicality
of a category member is not just a function of
the number of characteristic fcatures it
possesses but is also associated with the degree
to which it possesses the defining features.
This result throws further doubt on the useful-
ness of making the distinciton between the two
kinds of feature. Thus an important element of
the distinction is the notion that category
membership and the typicality ol members are
determined by two different scts of features.
The finding that defining fcatures {as they
have been operationally defined) are on the
one hand not always adequate for defining
category membership, and on the other hand
arc themselves associated with the typicality
of members, is evidence against this part of the
distinction.

(¢) Doubtful cases. The fourth prediction
derived [rom the model is that there should be
no well-known words which do not have a
clear-cut category membership. However, in
every category except for BIRDS, the rated
membership scale for the words used ap-
peared to form a continbum with several
words falling near the category borderline.
(For the category BIRDS, the word
TITMOUSE was on the borderling because of
uncertainty about whether it is a mousc or a
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TABLFE 2
BoxrDERLINE C asks OF CATEGORY MEMBERSHLP

Calegory Just included

Sink

Kitchen utenst]
Furniture

Hammock, vase, piclure, curtains, lights

Just excluded

Dustpan, sponge, apron®, thermomeler
Radio, ashtray. chairleg, Indge

Vehicle Skates, surlboard, wheelbarrow, rollerskates  Cranc¥

Sport Darts, skipping Chess, bar-football, tiddleywinks
I'ruit Rhubarb, yam Crourd

Vegetable Seaweed Tomato, gourd, mangd, rice, rhubarb
Fish Craylish, ray* Octopus, starlish

Bird Titmouse —

* Word used only in Experiment 11

tit, It is, in fact, the latter). Table 2 shows the
words with a rated membership of between 40
and 60 (or the equivalent percentage of Yces
responses for words used only in Experiment
I1). Thus the prediction ol clear cut category
boundaries derived no suppeort from the data.

(d) The relatedness of nonmembers. A final
issue concerns how a nonmember comes Lo be
considered related to the category. By dividing
the words which are nol category members
into related nonmembers (with a rated mem-
bership of between 25 and 50) and unrclated
nonmembers (with a rated membership of less
than 23), it is possible to see which of the
features are associated with the related words.
{As before, the cxact level of the criterion is
arbitrary bul not critical to the sclection of the
features). Since there is an indefinitely large
number of words which are unrelated to a
category, the strategy adopted was to sclect
those features which had more positive than
negative feature scores within the class of
related nonmembers. Six ol the categories had
a sulficicnt number of related nonmembers m
the lists of words uscd to allow the features

associated with rclatedness to be selected.

Thesc [caturcs are indicated in the Appendix.
In all, 35 featurcs associated with relatedness
were identified. Of these, 22 were also identi-
fied as delining featlures of the categories, four
were characteristic, and nine were neither
deliming nor characteristic. These figures cor-
respond to 76%;, of all defining features, 20%; of

all characteristic featurcs, and 35% of the
remaining features for thosc six categorics,
Therefore the chiel determinant of the related-
ness of nonmembers to the category is the
number of defining features posscssed by a
word. This result 18 1n agreement with notions
of semantic relatedness that commonly define
relatedness as common membership ol some
superordinate calegory (eg, Collins &
Qullian, 1969).

{4y The status of the characteristic feaiure
hypothesis. The model proposed by Smith et
al. (1974} 1s supported by the present data in
the following respects:

{a) The features ol a category can be placed
on # continuum of definingness such that
those produced most frequently are also rated
as more important for defining the category.

{b) Features fitting the description ol
characicristic lcatures, being associated with
the Typicality of catcgory members, were
identified in all eight categories. They alse had
4 lower production frequency and a lower
rated importance than lcatures which were
necessary {or category membcership.

However, the following results arc incon-
sistent with the model in its strong form:

(c) Insix of the calegorics considered, there
was no sel of defining features which taken in
conjunction were sufficient for category
membership.

d} It was found that the Typicality of
members was also associated with the degree
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to which they possessed the features which
were common to all members (i.e., the defining
features).

{e) In seven of the categories, there were
clear cxamples of words falling close to the
border of the category, showing that the
category boundaries are not clear cut.

This last result confirms findings reported
by McCloskey and Glucksberg (1978) that
therc is considerable disagreement between
subjects and even inconsistency within sub-
jects concerning items situated close to the
border of a category (as determined by rated
typicality).

The pattern of results presented above may
be used to argue that the distinction between
characteristic and defining features may be
ncither feasible nor useful. This conclusion can
be drawn on the following grounds. If we
adopt the strong version of Smith et al’s
model, such that defining feaiures arc thosc
which are common to all category members,
then in the present data there were not enough
features of this kind found for them to be a
sufficient definition of category membership,
that is for them to exclude all nonmembers.
(BIRDS—the category most commonly uscd
for illustrative purposcs (Collins & Quillian,
1969; Smith ct al, 1974}-- is an exception to
this resuit). Thus this strong version is given
little support by the results. It is possible, of
course, that certain essential features which
might have provided an adequate definition
were noi elicited by the methods used, or were
excluded as being given too infrequently by
subjects. However it would be hard 10 re-
concile this argument with the notion that
defining features are the most important for
defining the category, given that rated import-
ance is correlated with production frequency.
(Tt is also in principle impossible to fully test
the sufficiency of a definition, since a counter-
example consisting of a nonmember with all
the defining features may still be found)

Il'we adopt the weaker version of the model,
then it may be asked whether the distinction
between defining and characteristic [eaturcs is
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still a useful onc to make. Thus the results
presented above indicate that {ypicality is not
only a function of the characteristic features,
but also varies with the degree to which an
item possesses features common to the whole
class (which must be defining features for
either version of the model). Thus typicality is
not the sole province of characteristic featurcs.
Similarly the rolc of the defining featurcs for
determining an “error-free” judgment of ca-
tegory membership is placed in doubt by the
finding, supporting  McCloskey and
Glucksberg (1978), that category membership
is poorly defined, with several cases falling on
the boundary. With the weaker version, it
becomes difficult to know how to identify
defining features. Perhaps they could be ident-
ified as those for which a difference in value
between two items on the feature in question,
with all other features held constant, can on
occasion result in one item being a category
member and the other item not. Such an
operational definition would be extremely
impracticable to operate. Also ong could
never be sure that a particular feature might
not be defining, if only the right pair of
cxamples could be found.

As a way out of these difficulties, an alter-
native model will be described, which 1s si-
milar in many respects to Smith et al.’s (1974)
modetl, except that no dichotomy of features is
made.

An alternative model based on features. The
usefulness of distinguishing defining from
characterisric features was thrown in doubt by
the results of Experiment I. Howcver it is
possible 10 have a feature-based model of
category definitions, which makes no use of
such a distinction. Given the lists of category
features produced in Experiment I, a simplecr
model can be tested.

A Polymorphous Concept can be defined as
one in which an instance is classified as
beclonging to a certain class, if and only if it
possesses at least a certain number of a set of
features, none of which need be necessary or
sufficient in itsclf. Such concepts are common
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in blology (Sncath & Sokal, 1973), and have
also been tested in concept formation tasks
(Dennis, Hampton, & Lea. 1973; Lea &
Harrison, 1978) and in the ficld of ¢thnosem-
antics (Hunn, 1976).

(The term “polymorphous”™ is taken from
Ryle (1951). It should perhaps more correctly
be termed “polythetic” to be in keeping with
the terminology of taxonomists {(Sneath &
Sokal, 1973), as polymorphous might also be
taken to mean “having more than onc proto-
typical form™—a meaning not intended in the
present context).

If in addition to the above formulation, we
allow for differential weighting of the leatures,
then the polymorphous concept becomes es-
sentially equivalent to the idea of a prototype
concept, developed by Rosch (1975). Thus
Rosch & Mervis (1975) showed that the
members of a category such as Furniture bear
“family resemblances” to each other, such that
no simple conjunction of features was suf-
ficient for defining the category. The poly-
morphous concept model proposes that these
resemblances which constitute the prototy-
pical category member are stored as features
constituting the meaning of the category
name. In both models, the typicality of a
member is determined by the number of
category, or prototype features that it
posscsses, with a possible weighting for their
differential definingness or cuc validity.

The netion of a polymorphous concept can
casily be applied to the data described above.
Category membership may be treated as a
continuons scale, where the position ol a word
1s defined by the number of category features it
possesses. Thus highly typical members would
be al the top of the scale, having a large
proportion of the category features; whereas
unrelated words would receive a Tow score,
not having any features in common with the
category. When applied to the present data
the number of category [eaturcs possessed by 1
word should therefore correlate positively
with the scale of rated membership described
above. The observed correlation between the
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two scales was indeed high and positive for
each category, (Kendall's tau, 61 < tau < .78,
in all cascs p< 001, N =30).

These valucs indicate that the number of
[zaturcs posscssed may be a better predictor of
rated membership than is the category pro-
duction frequency (from Battig & Montague,
1969). Thus category production {requency
correlated positively with rated membership,
with Kendall’s tau ranging across categories
from .39 to .68, {p<.005, N=230). The dil-
ference between the two sets of corrclation
cocflicients is significant across categories on a
Wilcoxon matched-pairs signed-ranks test (p
<.03) (Sicgel, 1956), although obviously the
unknown reliability of the two measurcs
makes such comparisons suggestive rather
than conclusive.

The question of weighting the [eatures is
clearly also of interest. Rosch & Mervis
(1973) suggest that the features are weighted
by their cue validity for dcterming category
membership. Similarly, Smith et al. (1974) use
the notion of weighting, but only in the second
stage of the decision process, where defining
features have maximal weight, and charac-
teristic features have zero weight. Many taxo-
nomists however (¢.g. Sncath & Sokal, 1973)
find the notion of weighting of polythetic
classifications to be problematic methodolo-
gically. Two forms of weighting are relevant
for a polymorphous concept—ia) the degree
to which an instance possesses the catcgory
fecature and (b) the degree to which the [eaturc
1s defining of the category and so given welght
in the sum of featurcs. With regard to the first
form of weighting, the degree to which an ilcm
possesses a catggory feature, this weighting
did prove important lor the fit of the model, In
every category except one, the value of
Kendall’s tau improved when the weighting
was used as comparcd with a simple plus,
minus or zero judgement of whether each
word possessed cach [cature. The mean value
of tau rose from .622 to .674 taken across all
eight categories. For the sccond form of
weighting—the definingness of the features: -
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it is clearly important to use an independent
measure of feature definingness, if a valid test
of the modetl is to be made. Two such mcasurcs
were available in the data of the experiment
rated importance and production frequency.
When weighted with cither of these two
measurcs, however, there was no significant
improvement in the fit of the model (mcan taus
were .643 weighted by median ranked import-
ance, and .660 weighted by production
frequency). This failure to improve the fit does
not ol course imply that some transformation
or [unction of onc or both measures might not
be more successiul. If the weighting had
inproved the [it. then this might have been
taken as some evidence for Smith et al’s
model, since giving more weight to the fea-
tures rated most important should appro-
ximate more closely to the situation in which
the most important (the definmg features)
receive d weight of + 1, and all others a weight
of zero. However the evidence was not forth-
coming. In the light of these results, a scale
weighted for degree of instance possession, but
unweighted for definingness was used in the
further testing of the model in Experiment 1.
What are the advantages of using a poly-
morphous concept model of category de-
finitions? With respect to Smith et al.’s (1974)
maodel, the advantage is that with just onc
derived scale one may predict the typicality of
category members. the membership in the
catcgory of any item, the existence of border-
linc casces of membership and the relatedness
of nonmembers. So long as Smith et al. arc
able to motivate their distinetion of two kinds
of feature m terms of the functions they
perform, then their model may be prelerred as
making more specific predictions and hence
being the morc refutable theory. However,
once the distinction of functions becomes
blurred, and the procedures for identifying the
defining features become vaguely defined,
then one may argue on grounds of parsimony
that the distinction is no longer helpful. Tn
order to demonstrate the generality of the
polymorphous concept model, the following
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experiment aims to show that the derived
scale: the number of category features
possessed by a word—can also be used to
predict the speed with which people can make
categorization decisions. Categorization lat-
ency was onge ol the main ways in which Smith
ct al’s (1974) model was tested. It is therefore
clearly important to demonstrate that the
proposed alternative model can account for
such data. In addition a particular test of
Smith et al.’s (1974) model is possible which
relies less heavily on the assumption of a
strong version of their notion of a defining
feature.

ExpPERIMENT 11

An important aspect of any model of cate-
gory definitions should be its ability to
account for two well-established findings con-
cerning the time it takes to categorize a word.
The first finding is that the more typical a
word is of a category, as measured by a
number of different variables such as produc-
tion frequency (Wilkins, 1971; Loftus, 1973) or
ratings of typicality (Smith et al., [974) then
the faster subjects will be to decide that the
word is a category member. The second
finding is that the more related a noncategory
word is to a category, then the slower subjects
will be 10 decide that it is not a member. Since
for the Polymorphous Concept model, both
typicality of members and relatedness of non-
members are deterrmined by the number of
category features possessed by a word, the
model would require that the speed of a
catcgorization response should be closely
related to this variable. More specifically, Yes
responses should be faster and No responses
slower the greater the number of category
features possessed by a word.

From Smith ¢t al.’s {1974) model a further
prediction can be derived. They provide a very
specific two-stage model of the categorization
process. The first stage is a rapid holistic
appraisal of the overlap between the leatures
of the word and those of the category. If
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sullicient agreement or disagrcement is found
then a responsc is produced. If not, a sccond
stage is requirkd in which just the defining
features of the calcgory are checked, thus
producing a slower, more accurate response,
A crucial part of the model is that most errors
will occur in the [irst stage, and indeed Smith
et al. (1974) found that erroneous responscs
were  faster than responses to  atypical
members.

It was noted in Experiment I that the
features which are common to all category
members are also common to scveral non-
members, in all cxcept two categories. The
procedure adopted for finding the defining
[eatures was therefore clearly inadequate, if we
assume the correctness of Smith ct al’s (1974)
model. However, with either version of their
maodel, those features which arc common to all
category members are defining features. In
other words, Experiment T identified some,
but not all of the defining features of the
categories. Consider then the case of a subject
who responds Yes in a categorization task toa
word which lacks one or more of the defining
[catures Identified by Experiment I. By the
two-stage model such a response must by
definition be an error and is therefore most
likely to be produced by the [irst stage of
processing. Such responses should thercfore
be as [ast as other responses originating from
the firsl stage—namely Yes responses to very
typical category members, and No responses
to unrelaled nonmembers. This inference is
only strictly true for the strong version of the
model, since by the weak version one may
occasionally get Yes responses in the second
stage where a word is lacking one of the
defining features. However one would expect a
significant proportion of such responses to be
first stage errors even on the weaker version of
the model. This prediction can bc tested by
measuring the categorization latencies for a
set of words ranged across the scale of ¢a-
tegory membership. If the extent to which
each word possesses cach of the category
featurcs 18 known, then the Yes responses
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made Lo words lacking at lcast one defining
[eature can be identified and their mean
latency compared to other kinds of Yes re-
sponse to determine which stage of processing
they might have resulted from.

The polymorphous concept model makes
the diffcrent prediction that Yes response
lateney will depend on the degree of feature
overlap, regardless of which features are
posscssed. Words lacking a defining feature
are likely to have a low number of category
features, and Ycs responses to such words
should therefore be slow.

Methaod

Subjects. Eight male and eight fomale
undergraduate volunteers [rom University
College, London were paid to be subjects in
the experiment,

Design and procedure. The experiment
aimed 10 measure the time taken to cafegorize
words, and to relate this variable to the
number of category featurcs that a word
possessed.

Words and catcgory names were presented
on the display scope of a PDP-12 computer,
and subjects responded by depressing one of
two response keys, which were placed by cach
of the subject’s hands. Responsc times were
measured by the computer (rom the onset of
the display to the nearest one hundredth of a
second. The list of words for each category
were presented as a block of trials, with one
word being displayed on cach trial. The eight
category lists were presented in the same
balanced order as in Experiment 1. Each
subject received a different random order of
the words in cach list. Half the subjects
responded Yes with their preferred hand, and
half with their nonpreferred hand.

The procedurc was as follows. A question
such as “Are these words kinds of Furniture?”
was first displayed for 3 seconds. A list of 26
words corresponding to the named category,
and including typical and atypical calcgory
members and rclated and unretated non-
members of the category, was then displayed
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one at a ume in the ¢entre of the screen. The
subject’s response on the Yes or the No key
terminated the display and brought up the
next word after a delay of a few seconds while
the teletype printed out the response and
latency for that trial. At the end of the list of 26
words, there was a pause and the subject
himself initiated the start of the next block of
trials by pressing a third key. Each new block
of trials began with a new category question.
Ten practice trials with a diflcrent category
were given. Subjects were asked to report
errors they were aware of making at the end of
cach list of words. Reported errors were
¢xcluded [rom the latency analysis, but were
used in corrected form in the analysis of Yes
and No response frequencies. Instructions
stressed that subjects should respond as fast as
they could, but that it was important that they
should avoid making any errors. The subjects
were also told to respond only on the basis of
their knowledge of the words’ meanings as
used in everyday language.

Materials. The same cight calegorics were
used as in Experiment I. For cach category a
list of words was required such that category

~members of varying typicality and nonmem-
bers of varying relatedness would all be in-
cluded. A large number of words for each
category were rated by the cxperimenter for
the extent to which they possessed each of the
category features. From these words, 26 words
were then selected at random for cach ca-
legory, within the constraint of covering the
range of the feature scale of membership
described by the polymorphous concept.
Some small adjustments to this selection were
made after a pilot study, in order to achieve
approximately cquat numbers of Yes and No
categorization responses over the whole of
cach list. The words finally chosen were then
given to the same four judges used in
Experiment I, so that a measure of the extent
to which each word possessed each of the
category features could be obtained. By sum-
ming these ratings across the category fea-
tures, each word was therefore given a score
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corresponding to the degree of feature overlap
it had in relation to the category, This
variable the number of category features
possessed  was  the theoretically derived
variable which was predicted to be signific-
antly correlated with categorization latency.

Results and Discussion

(a) Response frequencies. As rcported al-
ready in Experiment I, for the words used in
both experiments, the number of Yes re-
sponses produced correlated well with the
rated membership of the words (r=0.96). The
number of Yes responses was also highly
correlated with the number of category fea-
tures possessed by a word (Kendall's tau, 0.72
< tau<0.85, in all cases p <001, N =26}, and
less highly correlated with the category pro-
duction frequency of the words {from Battig &
Montague, 1969, 0.54 < tau < 0.82, in all cases
p<.001, N=26).

(D) Error responses. Unlike many previous
experiments (¢.g., Smith et al., 1974) a response
was only counted as an error if the subject
reported it as such. (Subjects were under
instructions to report errors that they were
aware of making). Errors of this type ac-
counted for fewer than 1% of trials, and were
cxcluded from the analysis of latencies.
Because some errors may nol have been
reported, the additional precaution was taken
of excluding responscs in which the subject
was the only one of the sixteen to respond in a
particular way.

(¢} Latencies. The main interest of the ex-
periment is in the categorization latencics.
Latencies for Yes and No responscs were
analysed scparately and mean latencies were
calculated for each word in each category list.
By including means for responsecs given by a
minority of subjects it 1s possible to provide
data for Yes responscs to related nonmem-
bers, and for No responses made to atypical
members. Mcan latencies for words varied
widely. The fastest were in the region of 750
800 msecs (e.g. APPLE—FRUIT had a mcan
of 752msec for Yes responses). The slowest
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were  well  over 3 seconds  (eg.
SURFBOARD—VEHICLE had a mean of
3345 msec for Ycs responses (N=28) and a
mean of 3010 msecs for No responses (N =§)),
The means were then subjected to a corre-
lational analysis. The prediction of the poly-
morphus concept model was that the number
of category features posscssed by a word
should be a good predictor of the time taken o
respond Yes and the time to respond No when
categorizing the word. Kendall's tau was
calculated, for each category list, between the
mean response latency and the number of
category features possessed by each word. The
values of tau arc shown in Table 3, wherc it
may be scen that in all categorics except
KITCHEN UTENSILS the prediction of sig-
nificant positive corrclations for No responses
and negative correlutions for Yes responscs
was supported by the data. Mean values of tau

TABRLEL 2
CORRELATONS (KENDALL'S Tal} o Mpan RESPONSE
LATENCIES WTTIT SUM OF CATEGORY FEATURES

Category Sum of features  Number of words

Y5 responses

Kilchen utensil — 0073 16
l'urniture —0.672%+ 17
WVehicle (1.530%* 16
Spoit —0.383* 13
Frui{ —0.400% 13
Vegelable —0.442% 14
Fish —0.406* 17
Bird - A1 SR 14
Me:n —0427
No responses

Kitehen ulensil 0.649%+ 19
Furniure 0.463%+* 17
Vehigle 06375+ 19
Sport 0372+ 18
Fruit (0.577%* 16
Yegetable 0.643%* 18
Fish 0.603%* 1%
Bird 0.436%+* 14
Mean 0.550

Significance levels *p < 05, **p< 01,
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were — .43 for Yes responscs and 4,55 for No
responses. Thus both the typicality and the
relatedness effects on categorization latency
can at lcast in part be accounted for in terms of
the number of category features possessed by a
word.

Because subjects who were faster overall
were also more likely to make the more fre-
quently given response (Kendall’s tau =308,
N=16, p<.05) an additional analysis was
necessary. This analysis was required to
test the possibility that the obscrved corre-
lation of latency with number of features
might be ¢ntirely due to the slower subjects
coniribuling disproportionately to the less
[requent responses. Considering each subject
individually it was found that for every subject
the mean response times to words 1o which the

“subject gave a minority response were longer

than the mean response times for words on
which all subjccts were unamimeous. Thus the
relation between number of features and lat-
ency holds good for each subject separately as
well as for the group. When considering
individual differences it was also noted that
the broader the subject’s definition ol the
category, the faster were his Yes responscs as
compared with his No responses (Kendall’s
tau =0430, p<.05, N =16). The implications
of this finding arc discussed below.

This experiment was also designed to test a
prediction derived from Smith et al’s (1974}
two-stage calegorization model, concerning
the relation between latency and the defining
fcatures. The predicion was that Yes re-
sponses given to words which lack on¢ or
more of the defiming features should for the
most part result from the first stage of the
decision process. This is because such words
must be calcgory nonmembers {since those
defining features that were identified in
Experiment | were required to be common to
all members). Thus a Yes response io such a
word is an error, and errors arc made, accord-
Ing to Smith et al.’s model, almost entircly by
the first stage of holistic comparison. Such
responses should therefore be nearly as (ast as
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responses to very typical members, and con-
siderably laster than rtesponscs (o the less
typical category members which are assumed
to require the second stage of the decision
process for a correct response to be made. The
mean response latency for Yes responses to
words lacking at least one defining feature was
comparcd with mean latencies of responses Lo
very typical members (those with all 16 sub-
jects responding Yes), and mean latencies for
Yes responses to atypical members (those with
between 9 and 12 Yes responses). Six of the
cight calcgories gave sufficicnt data for this
analysis to be possible. The resuvlts are shown
in Table 4, where it can be seen that in all six
categories, Yes responses to words lacking a
defining feature took longer (2124 msec) than
those to typical members (989 msec), and took
as long if not longer than those responses to
atypical members (1520 msec). The first but
not the sccond comparison was significant
(sign test across categories p < 03).

The interpretation of this result must be
treated with caution. Closer consideration of
Smith et al.’s model reveals that although the
prediction, if upheld, would be seen to support
the model, yet it is not a necessary prediction.
In other words, the model can be made Lo

JAMES AL
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account for the results. There are in fact three
possible reasons for a subject saying Yes to a
word lacking a defining leature as a result of
second stage processing. First, his own in-
dividual definition may not include that par-
ticular feature. Second, he may consider that
the item in question does possess that feature.
Third, it may be a case of the weak interpre-
tation at work, where occasionally Yes re-
sponses are produced in the second stage
without a word having to possess all the
defining features. In this case the problem
hecomes one of determining the expected
relative frequency with which onc of these
three situations may occur. In particular, is it
reasonable to suppose that most of the 31
responses of this type were due 1o onc of these
three reasons?{They represent about 3% of the
Yes responses made). The first two expla-
nations raise a question that is problematic for
most models of semantic memory as presently
formulated namely that individuals’ con-
cepls may differ in important respects. As vet
no experiments have attempted to relate an
individual's own delinition of his concepts to
his categorization performance, although the
notion of a variable criterion level for positive
judgments has been suggestied as an individual

TABLE 4
MEAN LATENCIES OF YIS RESPONSES GIVEN TO (a} CATEGORY MEMBERS POSSESSING ALT DEFINING FEATURES aND GIVEN
16 YEs RESPONSES; (b} CATEGORY MEMBERS POSSESSING Arl DerininG Frarurss anp GiveN BErweeN 9 anp 12 Yis
RESPONSES; AND (2] NONMEMBERS LACKING AT LEAST ONE DiFINING FEATURE ANz (GIVER LiSS THAN B YES RESPONSES

{a)
Words with all
defining featurcs

Category given 16 Yes responses
M N
Kitchen utensil 1.032 32
Furniture 0,945 80
Vehicle 1.175 96
Sport (39467 112
Fruit 0,869 26
Fish (3925 80
Waighted mean (1959 496

given 9—12 Yes responses

]
Words with all
defining leatures

©
Words lacking &
defining [eature given
less than 8 Yes responses

M N M N
1.229 24 1103 13
1.666 4 4810 4
1.569 35 2727 12
1.O75 11 2527 3
1.274 1 1.860 1
1.861 20 1.809 18
1.520 142 2,124 31
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difference (Gardner, 1953). The third expla-
nation highlights the fact that given a weaker
version of defining features, the second stage
ol Smith et al’s (1974) processing modcl is
capabile alonc ol predicting the latency results.
If noi all the defining [calures need be
possessed for a positive response te be made,
then the checking of them nced not be ex-
haustive. A sampling strategy could be used
with a random-walk choice model, so that
when sufficient positive or negative inform-
ation had been accumulated a corresponding
response could be made. Such a model would
be supported by the (inding reported above
that the more Yes responscs a subject made,
then the laster were his Yos responses as
compared with his No responses.

A different argument might point to the
dissimilaritics between the data of the present
experiment and those of Smith ct al. (1974) in
the speed with which subjects were respond-
ing. Smith et al.’s subjects were responding
much laster (mean latencies around 600 msec)
and making many more crrors than the sub-
jects in Experiment I1I. They were therelore
making a different kind of crror from the slow
and carefully considered “misclassifications”
found in the present experiment. It is entirely
possible that with different constraints on
expected speed, the subjects in the two experi-
ments were using different processing stra-
tegics based on different points on the speed-
error trade-off. Thus if subjects are vesponding
very fast, errors are made with very short
reaction times, whereas if they arc being more
slow and careful the errovs are in effect just
more extreme cases ol the slow responses
given to atypical members, Thus a responsc is
only an “error” becausc it goes against the
majority ol the group’s decision. In spite of
this account of the difference between the two
experiments, the presence of error rates as
high as 52%, (for the No responses in the
category FRUIT}Y in Smith et al’s dala, sug-
gest that the definition of what counts as an
ciror should perhaps more reasonably be left
to the subject to decide. Thus a recommended
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procedurc might be to present the subject after
the cxperimental session with a list of his
responses und obtain his decision as to their
correctness.

The results of this experiment can best be
summarized as follows: When subjects are
making relatively careful category decisions,
the more category featurcs that a word
possesses {regardless of whether the features
arc common to all members or not), the faster
will be a Yes response and the slower will be a
No response. This resull held true regardless
of whether u word was judged overall as a
category member or not. There was no evi-
dence that infrequently made responses werc
“errors” resulting from a hasty tirst impression
in the way described by Smith et al’s proces-
sing model.

GENERAL DiSCGUSSION

The results of the two experiments de-
scribed here suggest that an important aspect
of the delinition of concepts such as FRUIT or
FURNITURE is that there arc no features
which taken 1in conjunction provide a necess-
ary and sufficient definition. Such concepts
appear to be fairly widespread and have been
discussed extensively by philosophers of lan-
guage (Wittgenstein, 1953; Ryle, 1951). Indeed
Necdham (1975) advocates a much wider use
of such systems of classilication for the scien-
ces. The important point is that this lack of a
“common-[cature” definition, nced not imply
that the concepts have no definition of any
kind, The Polymorphous concept does allow
the exact determination of category member-
ship by fixing a critical number of features

seems likely however that such a criterion is
guile flexible, depending on the demands of
the task. and that different people might sct a
more or less strict criterion level. Hence
instances may fall on the borderline of a
category, as illustrated by the extensive dis-
agreement between subjects in Experiments 1
and 11, concerning the culegorization of se-
veral words. '
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While in certain respects failing to support
the Characteristic Feature Hypothesis of
Smith et al. (1974) the results are consistent
with the simpler polymorphous concept
modcl of category definitions. In a series of
papers (Rosch, 1975; Rosch & Mervis, 1975;
Rosch, Simpson, & Miller, 1976), Rosch and
hier colleagues have analyzed how instances of
a calegory arc more or less typical because of
the degree to which they resemble the other
members of the category. She argucs from this
that a notion of an “ideal prototype™ is set up
in memory, as the hypothetical or real object
which possesscs most resemblance 1o the
members of the category. 1t can be seen that
the properties elicited in Experiment I as
category [catures serve the function of giving a
description of just such 3 prototype. The
Polymorphous concept and the notion of a
protolype concept are thercfore closely re-
lated. The present model can be seen as
developing prototype theory in two ways, first
by showing that the “family rescmblance”
features can be elicited as definitions of the
category concept, (Rosch & Mervis (1975)
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used properties generated to category inst-
ances only), and second by demonstrating that
the sum of category features possessed by a
word can serve not only to predict its typi-
cality, membership or relatedness to the ca-
tegory, but also the time it takes people to
dccide that it is or is not a category. member.

In this way, the model described here is not
intcnded primarily te be-an alternative to that
proposcd by Rosch (1975), but rather as a way
of bringing out the differences between Rosch
and Smith et al. (1974),

Thus while limited support for the ap-
proach of Smith et al. was found in the
evidence for a dimension of feature delining-
ness, and for the existence of features
possessed by the most typical items of a
category but not by the less typical ones, the
crucial distinction between dcfining and
characteristic features was not found to be
well supported. A strong version fatled to find
support in the data, whereas a weaker version
was found to be less parsimonious than a
simpler model that makes no dichotomy be-
tween featurcs that are more or less defining.

APPENDIX: FINAL Li1sT OF CATEGORY FEATURES SELECTED IN EXPERIMENT 1

Defining or  Associated with Production

No. Feature characteristic relatedness ftequency
{a) Kitchen utensil
1 Has a specific function, is used by humans D + 32
2 Is connected with food D 30
3 1s found in the kitchen D + 29
4 Ts for the preparation or cooking of food C 27
5 Is made of metal in pan — I8
6 Is portable, can be lifted and held C + 1%
T Is only found in the kitchen — 13
§ Has a bandle & 13
9 Is ellicient, does a job well D + 11
10 1s made of wood in part — 10
11 Is relatively small C + 10
12 1s manufactured, man-madc D + 10
13 Is a container — . 9
(b} Furniturc
I Has a specilic function, is used by humans [} § 32
2 s found in buildings — + 30
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Delining or  Associated with Production

No.  Feature characteristic relaledness frequency
3 1s made of wood C 20
4 Is lor sitting on or in 18
5 Iy attractive — 16
& Is for comfort, convenicnee or satisfaction D + 16
7 1s found in the home — —+ 15
§ Is man-made, manufactured D + 15
9 Ts for putting things on or in : 13
10 Is nol just decorative D + 12
11 Has leps C 10
¢} Wchicle
1 Carries people or things D + 32
2 Can move D } 32
3 Moves along D + 32
4 Has wheels C k]|
5 Carries people _ %
& s powered, has an engine, uses fuel C 28
7 Is self-propelled. has some means of propulsion ¢ 21
§ Is uscd for transport — + 17
9 Is steeved, has a driver controlling direction i 16

10 Has a space [or passengers or goods C
11 Moves faster than a person on his own B, 6
D

12 Man-made 4
{d) Sport
1 Is physical. connected with the body D + 31
2 Is a human activity n + 30
3 Ts a pastime, rccreation, done for leisure D + 23
4 [s competitive C + 25
5 lnvolves physical exertion. is cnergetic e 24
6 Is enjoyed when done D + 22
T Ts not a solitary activity — I 18
& Has teams C 17
9 Has speclalors C 16
10 lnvolves physical skill 0 + 14
11 Has rules C + 10
12 Uses special cquipment + g
13 Takes place outdoors 8
14 Is exercise 8
{c) Fruit
! 1s a plant. orpanic. vegetation I (insufficient data) k1|
2 1s edible, 15 eaten D : 30
3 Contains seeds C 27
4 Grows above ground, on bushes or trees C 26
5 Is juicy, thirst quenching C 17
& Is brightly coloured — 16
T 15 sweel C 15
8 Has an outer layer of skin or peel 13
9 Is round C 9
10 15 ealen as a dessert, snack, or on its own C 8
11 [z a protection lor seeds C 7
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Defining or  Associated with Production
No.  Feature characteristic relatedness frequency

(f} Vegetable

1 Is edible, is eaten D + 32
2 Is a plant. organic, vegetation D + 30
3 Grows underground or close to the ground — 22
4 Is green C 18
5 Is cooked — 13
6 s eaten lor dinner, with meat, sali etc. — 12
7 Has leaves and stalks C 10
8 Is not sweet, is savoury or tastcless — 10
9 Is cultivated D + 9
{g) Fish
1 Is alive D 32
2 Lives in water D + a2
3 Has fins C 3l
4 Swims — + 27
5 Has gills 26
6 Has scales C 23
7 Has a tail D 20
8 Breathes water — + 8
2 Is streamlined — + 16
10 Has cyes  large, round and at the side D 13
11 Dies ot of water D + 12
12 Is cold-blooded D + 11
13 Has no limbs -— 11
14 Is a long oval *fish-like” shupe C 9
15 Has a mouth D 9
16 Is edible C 8§
{h) Bird
1 1s alive D {insufficient data) 32
2 Flies C 32
3 Has feathers D 30
4 Has a beak or hill D 26
5 Has wings D 25
6 Has legs and feet n 24
7 Lays cggs D 20
8 Has just two legs D 18
9 Builds nests 15
10 Sings, cheeps, elc. [ 14
11 Has claws C 12
12 1s very lightweight C 8
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