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More on parts in object concepts:
Response to Tversky and Hemenway

GREGORY L. MURPHY
University of Illinois, Champaign, Illinois

This article responds to the comments of Tuersky and Hemen
way (1991), who criticized the logic, stimul~ and data analysis
of Murphy (1991). It is argued here that their objections do not
mitigate the conclusions drawn by Murphy. In particular. the
objection that the stimuli were not natural enough to reveal differ
ences between category levels seems to presuppose an answer to
the question under investigation. However. further experimenta
tion with other stimuli might resolve this issue empirically.

Before beginning my response to Tversky and Hemen
way's (1991) comments, I would like to emphasize the
points that I believe we agree on. I think that we concur
on the general nature of the basic-level phenomenon and
on how that phenomenon predicts performance in tasks.
I believe that we also agree on most of the causes of basic
level structure. Finally, we agree on the more specific
point that in most natural categories, the basic level con
tains distinctive parts. Where we disagree is in the sig
nificance and interpretation of the last point, which the
experiments in Murphy (1991) were designed to inves
tigate. Thus, although this rebuttal will naturally focus
on the areas in which we conflict, it is important to keep
in mind the wide range of issues in which there is general
agreement in the field.

Tversky and Hemenway (1991; henceforth, I will refer
to this article as "T&H") have comments on the logic,
stimuli, and results of my experiments. These issues are
important ones for both theoretical and methodological
reasons. I will address each of these issues in tum, some
what reordering their points to ease exposition. To give
a glimpse of my conclusions, I will argue that their con
cerns with the logic and results of the experiments are
not actually problems. I will agree with them that the
stimuli in Experiments 1-3 are not very natural. How
ever, I will also argue that these problems do not mitigate
the specific conclusions drawn from the experiments.

EXPERIMENTAL LOGIC

Previous research on the basic level of categorization
has suggested a number of possible explanations for' 'what
makes basic categories basic. " One suggestion discussed
by Murphy and Brownell (1985) was the following
hypothesis:

HO: Basic categories are categories that are both in
formative and distinctive.
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A category is informative if it is associated with a num
ber of features, so that knowing that something is in the
category communicates a large amount of information
about it. A category is distinctive to the degree it differs
from its contrast categories. If some categories overlap
too much, it is difficult to tell which one an object is in.
This hypothesis is consistent with most of the data on
basic-level categories and was explicitly supported by ex
periments using natural categories in Murphy and
Brownell (1985). Also, similar accounts have been
adopted by other theorists (e.g., Corter, Gluck, & Bower,
1988).

The important findings of Tversky and Hemenway
(1984), however, suggest a different possible explanation.
In this paper, Tversky and Hemenway discovered that
many of the attributes listed for basic categories were
parts: leg, top, seat, wheel, nose, and so forth. These parts
were not generally listed at the superordinate level; here,
primarily functions or behaviors were listed. At the sub
ordinate level, parts were listed, but the parts for con
trast categories were often identical (cf. the distinctive
ness criterion of HO). So, different kinds of tables almost
all have four legs and a top. They differ not in their parts
but in other attributes, such as size, shape, location, or
function. This finding suggests a different explanation for
what makes basic categories basic (though one that Tversky
& Hemenway did not explicitly propose).

HI: Categories that have distinctive parts will be the
basic categories in a hierarchy.

This hypothesis is similar in some ways to Biederman's
(1987) recognition-by-eomponents (RBC) model of ob
ject recognition. This influential model suggests that ob
ject identification proceeds by recognizing the parts ofob
jects, implying that categories with distinctive parts should
be easiest to identify.

A final point about these two hypotheses is that HI
refers to the content of a concept-what type of features
it has. In contrast, HOis a structural hypothesis that refers
to abstract properties regardless of their content.

It is important to understand that Tversky and Hemen
way's (1984) results are primarily correlational. That is,
they correlated different levels of categorization (as de
fined by previous work) with the content of the features
(functions, parts, and perceptual features). Thus, if one
wants to evaluate HI, one cannot stop with their results.
It could be that some other variable is causally responsi
ble for the basic-level advantage, but that it and part con
figuration are themselves correlated. In order to discover
whether parts are in fact causally responsible for the basic
level advantage, it is necessary to directly manipulate them
and observe their effect on category structure.

What "third factor" could possibly be responsible for
the basic-level advantage, if not part configuration? The
obvious possibility is that suggested by HO: Perhaps the
combination of informativeness and distinctiveness is
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causing the basic-level effect, which happens to be cor
related with the presence of parts at that level. And, in
fact, this correlation is probably no coincidence. If parts
are related to an object's function (Tversky & Hemenway,
1984), and if part configuration gives rise to shape, then
having distinctive parts will often produce the situation
described in HO: categories that are informative and dis
tinctive. However, these two hypotheses are not identi
cal. HO says that it is the general properties of informa
tiveness and distinctiveness that cause the basic-level
effects and that the presence of parts is not necessary for
the effects-it just happens that real objects within a cat
egory share parts. In contrast, HI says that it is parts in
particular that are crucial, not overall informativeness and
distinctiveness.

These two hypotheses can be distinguished by two pre-
dictions that HI makes but that HO does not:

Prediction I: To the degree a taxonomy does not have
parts collected at one level, it will not display basic
level phenomena.

Prediction 2: To the degree a taxonomy has parts col
lected at one level, that level will tend to display
basic-level phenomena.

These seem very reasonable implications to draw from
HI, if it is to have any empirical consequences.

It is just these two empirical predictions that I intended
to refer to when asking whether parts are "necessary"
(Prediction 1) or "sufficient" (Prediction 2) to generate
basic-level structure. This high-blown language may have
given the impression that I was making an ontological
claim about categories. T&H object that "It is puzzling
to pursue questions of necessity and sufficiency in
categorization, given that they are most likely unanswer
able" (p. 441). However, no such ontological claim was
intended. Of course, it is unlikely that a single variable
will explain this phenomenon; more likely, a complicated
causal analysis will be necessary. I suspect that this is part
of T&H's point, and I concur.

Others have independently suggested the same test of
HI. Markman (1989, p. 68), reflecting on the associa
tion of parts and basic categories, proposed that "What
we really would like to know, however, is this: if we were
to find or create categories that shared many nonpart fea
tures, would they serve just as well as categories even
at the basic level? To my knowledge, this study has not
been done, nor is it an easy one to design ." Experiments
1-3 of Murphy (1991) take just this approach to under
standing the connection between parts and basic levels.

EXPERIMENTAL STIMULI

To put it mildly, T&H are not happy with the stimuli
used in the first three experiments of Murphy (1991).
Their objections include the following: (1) the stimuli re
semble postage stamps, (2) they are perceptually defined
at all levels ofabstraction, (3) they have no functions, and
(4) they share the same general shape. Perhaps the best

stimuli to test the predictions of H1 would be stimuli that
are just like regular objects, except that they have very
few parts. However, any stimulus with very few parts
looks quite different from most objects. The actual stimuli
used in Experiments 1-3 give the impression of being
visual patterns rather than solid objects. This is an ad
vantage from the point of view of eliminating parts from
the stimuli but a disadvantage from the point of view of
simulating natural objects.

However, there is another side to this issue, namely that
lack of naturalness is primarily a problem when different
results are found than what are normally achieved with
natural objects. T&H's objections, which are discussed
in more detail below, ignore one major aspect of the
stimuli-that they in fact generated statistically reliable
basic-level effects using a number of different measures.
In feature listings (Experiment IA), in similarity ratings
(Experiment 2), and in identification times (Experi
ment 3), the normal basic-level advantage was found at
the expected level. This is strong evidence that the stimuli
were natural enough in relevant respects. That is, although
they differed from familiar objects in many ways, they
were similar enough in some respects to yield the stan
dard basic-level effects. Exactly what these "respects"
are provides important information about the causes of
basic-level structure. Since it was apparently not part
structure (see below), it may well be that it was the in
formativeness and distinctiveness of the stimuli.

In short, the very artificialness of the stimuli places
strong constraints on any account of basic-level effects.
That is, no account of basic-level structure can depend
on category members being just like natural objects if it
is to explain these results. Analogously, Posner and
Keele's (1968) and Rosch and Mervis's (1975) experi
ments with very artificial stimuli showed that prototype
effects do not depend on stimulus naturalness.

One possibility T&H might be concerned about is that
such artificial stimuli could engender specific strategies
that are very different from those used with normal ob
jects. Of course, it would be a surprising coincidence that
these unusual strategies engender the expected basic-level
results for three different dependent measures. However,
to rule out this possibility conclusively, one could attempt
to replicate Experiments 1-3 with other, perhaps more
naturalistic, stimuli.

T&H list a number of quite specific complaints about
the stimuli of Experiments 1-3. Some of these are details
of the ways in which the objects do not resemble natural
objects, as just discussed (e.g., their postage-stamp ap
pearance). However, some of their objections appear to
be prejudging the very debate that the experiments were
designed to investigate. That is, they object that the stimuli
lack some attribute X (which normal objects have), when
it is exactly the importance of X that is being questioned.
For example, they object that the stimuli "violate the qual
itative pattern of features in natural categories, in which
for superordinate categories, functional features out
number perceptual ones" (p. 440). Since my stimuli did
not use functional features, they obviously violate this
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pattern. More generally, they argue that' 'artificial stimuli
must adequately model the structure and features of
natural categories and taxonomies" (p. 440).

But violating "natural" properties of taxonomies was
not an error: The whole point of this series of experiments
was to discover which aspects of natural categories are
responsible for basic-level structure. This investigation
requires the separation of different potential causes, there
by disrupting the natural co-occurrence of these causes.
Thus, it is no mistake that these particular aspects of the
stimuli are not "natural." T&H are making assumptions
about which aspects of real-world categories are relevant,
when these assumptions are the very subject of the inves
tigation. For example, HOdoes not say that superordinates
must be defined by functions. If it is a correct explana
tion of basic-level structure, then the presence of functions
or parts at one level is not essential.

Measuring Part Structure
T&H complain that Experiment 1B used an "unusual"

procedure in deriving the number of parts in the stimuli.
However, it is not clear that there is a "usual" proce
dure for part counting, and they only cite one paper that
counted parts (Tversky & Hemenway, 1984). In particu
lar, they are concerned about the use of one group of sub
jects to supply the attributes in general and another group
to list the parts. Since "parts are, after all, a subset of
attributes" (p. 440), they would have preferred the part
listing to be derived from the attribute listing.

This issue is an interesting methodological point, and
there are actually data that can help adjudicate it. In a study
of event categories, Michael Morris and I (Morris &
Murphy, 1990) asked subjects to list the parts of events
(i.e., actions). We used the categories of Rifkin (1985),
who asked subjects to list the attributes of events. Rifkin
reported that 34 of the features in his taxonomy were parts
(counted before any judge amending). However, our sub
jects who were instructed to list only parts produced 338
entries for the same taxonomy. 1 Unsurprisingly, asking
subjects to focus on parts alone directed their attention
more towards parts. Thus, it seems very unlikely that
using different subjects to list "attributes" and "parts"
in Experiments lA and IB reduced the number of parts
produced. If anything, the opposite may be true.

In a more theoretical vein, I should note that it is ques
tionable whether college students' pretheoretical notion of
parts is necessarily the correct notion for a scientific under
standing ofcategorization. For example, few, if any, sub
jects could articulate the notion of a part as defined in the
object-recognition literature (see Biederman, 1987; Hoff
man & Richards, 1985; Marr, 1982; Schyns & Murphy,
1991). The fact that some subjects say that a leopard's
spots are parts (as pointed out by T&H) is good evidence
that the technical concept of a part is not exactly the same
as the naive notion. 2 Nonetheless, the judges in my study
generally agreed that there were few parts in the stimuli
and that they were not clustered at anyone level.

To conclude this section, I believe that the stimuli used
in Experiments 1-3 indeed lacked something in naturalism.
However, I have argued that the specific problems listed
by T&H do not mitigate the conclusions drawn. The fact
that a basic-level advantage was actually obtained in three
different dependent measures casts doubt on the argument
that the stimuli were too unnatural to reveal anything about
category structure. And others of their objections seem
to prejudge the very question of what determines category
structure. Nonetheless, I agree it would be worthwhile
to attempt a replication of the experiment with more
naturalistic stimuli, if they can be constructed.

RESULTS

T&H did not object as strenuously to the stimuli of the
last two experiments, but they did argue that their results
did not reflect changes in the basic level. This raises the
important issue of how to measure basic-level structure.
Thus, I will discuss statistical comparisons of category
levels in some detail.

Experiment 4 compared "simple" stimuli (black-and
white drawings of artificial tools) with "enhanced" stimuli
(colored drawings of the same tools, with size and tex
ture variations). The enhancement was such that it added
features at the proposed basic level without adding parts,
thereby testing whether nonpart features have an effect,
as HOpredicts they should. This manipulation made sub
ordinates less distinctive (and superordinates slightly more
distinctive) than in the simple condition. And the results
showed that subordinate categories become reliably slower
in the enhanced condition. thereby increasing the basic
level advantage.

As Murphy (1991) described explicitly, the measure of
basic-level structure used was the reaction-time (RT)
difference between basic categorizations and the other
levels. T&H do not provide an explicit argument against
this measure, nor do they suggest another measure of basic
structure, but they make other comparisons that they argue
show little difference in category structure. They point
out that "There were no differences between the simple
and enhanced conditions in reaction times to the middle
[basic] levels or in the difference between the middle and
highest levels. From this pattern of data, increased label
ing time at the lowest level, one cannot infer, as Murphy
did, that the 'basic' level has been enhanced. Onecan only
infer that the lowest level has been made more difficult,
and that is readily explained by decreased discriminabil
ity" (p. 441).

However, there is a problem with the comparisons that
T&H make here. An example may help explain it. Imag
ine that you wanted to decide whether the concept piano
was a basic concept. Suppose further that you knew that
the average categorization time for identifying pianos was
700 msec. Now, you could not compare this time to other
basic categories to find out whether pianowas basic. That
is, you could not say that this is about the same speed
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as categorizing into dog, chair, or car, and so it is basic.
Equally, you could not say that because it is slower than
these times, it must not be basic. Rather, piano is only
a basic category if it is the preferred category within its
taxonomy. That is, piano must be compared with musi
cal instrument and grandpianoor playerpiano. In fact,
the very notion of a basic level as described by Rosch,
Mervis, Gray, Johnson, and Boyes-Braem (1976) is a rela
tive one-the level of categorization that is better than
lower or higher levels.

The comparison between pianoand chair, say, would
be inappropriate because of the many confounding fac
tors that might contribute to making one faster than the
other: size, familiarity, perceptual properties, linguistic
codability, and so forth. But comparisons within a hier
archy would be appropriate because the same stimulus
item can be used for all three levels. That is, the identi
cal picture of a grand piano could be categorized as a
grand piano, piano, and musical instrument.

The comparison made in Experiment 4 was of the latter
sort, namely the relative speed of the basic level and the
other levels within a condition. As HO predicted, the
basic-subordinate difference decreased, but the basic
superordinate difference increased slightly (nonsignifi
cantly). T&H dismiss the first effect as being "readily
explained by decreased discrirninability" (p. 441), but it
should be pointed out that this is exactly my explanation,
as stated in HO(that basic structure is caused by informa
tiveness and distinctiveness-i.e., discrirninability).

The comparison T&H make of the enhanced and simple
stimuli at the basic level has the same problems as com
paring piano with chair. The enhanced and the simple
stimuli differ in a number of perceptual variables that
might slow or speed up their overall RT. For example,
the enhanced stimuli were drawn in colored ink, whereas
the simple stimuli were black and white. If the contrast
of the two inks differed, this could create an RT differ
ence between the two that has nothing to do with category
level. Another confound is that some enhanced stimuli
were smaller than the simple stimuli. Furthermore, there
could be cognitive differences between the conditions as
well: The enhanced items had many more features overall,
and this might have influenced their identification times.

Thus, it is inappropriate to compare the enhanced and
simple stimuli at a single level of categorization, since
this comparison includes the confounds just mentioned.
What is appropriate is to compare differences between
levels in each condition (i.e., an interaction of condition
and level), since these will be unconfounded by main ef
fects due to item differences. The reliable interaction in
the results shows that nonpart features did influence the
preferred level of categorization, indicatingthat the relative
speed of categorization is not dependent solely on parts.

T&H also object to the methods and results of Experi
ment 5. They argue that "adding a large number of visual
features to the highest level again violates the structure
of natural category taxonomies" (p. 441) (since natural
superordinates have primarily functional features). How-

ever, this is another case of prejudging the question, as
described above. If HI is correct, and parts determine
basic category structure, then adding nonpart features
should not influence it, even if natural categories do not
have such a pattern.

As to the results of Experiment 5, T&H argue that the
speedup in the highest level does not represent a change
in basic-level structure: "'no difference' is not the same
as eliminating a basic level" (p. 441). But if we define
the basic-level advantage as the preference for one level
relative to the others (as just argued), then such an effect
is perforce changing the basic-level advantage. Perhaps
T&H are simply reminding us that the null hypothesis can
not be proved. However, it is important to keep in mind
that in two previous experiments (Murphy & Smith, 1982,
and Experiment 4 of Murphy, 1991) using the simple ver
sions of the same stimuli, the highest level was slowest
(for true responses). In this context, a manipulation that
makes the highest level the fastest seems quite dramatic.

CONCLUSION

T&H have made a number of important comments on
the design and results of the experiments in Murphy
(1991). I have argued that their criticisms of the results
and the logic of the experiments do not require any change
in the conclusions of the study. Their comments on the
necessity and sufficiency of parts seems to be simply a
misunderstanding of my intentions, probably caused by
lack of detail in the writing of my original paper. The
controversy over the results may be because of bona fide
disagreement over how to measure the basic-level advan
tage. However, I have argued that the comparisons that
T&H make contain possible item confounds, whereas the
comparisons made in the original paper do not.

The problems with the stimuli are not so easily dis
missed. Whereas some ofT&H's objections seem to pre
judge the question of what determines basic-levelstructure,
their more general concerns that the stimulido not resemble
natural objects should be taken seriously. Although I be
lieve that it is unlikely that stimulus-specific strategies
would just happen to produce the predicted basic-level
phenomena, this matter could be resolved by testing very
different, preferably more naturalistic stimuli. In spite of
this limitation, as the first study that attempted to manipu
late parts and observe the effects on levels of categoriza
tion, the experiments in Murphy (1991) provide a first
step in understanding the causal connection of parts and
basic-level structure.
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NOTES

1. Afterjudgeamending,the figurewas476 parts. These figures cannot
be derived from the results in Morris and Murphy (1990), because there
we augmentedRifkin's taxonomyto increase the number of subordinate
categories.The figures listedhere includeonly the categories that Rifkin
sampled and bothare from the unamended tallies, so that they arecom
parable. It is also interesting to note that our subjects and RitDn's listed
similar numbers of (unamended) features as a whole: 290 in his study
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and 338 in ours. It is just that most of Rifkin's features were not parts,
since his subjects were not instructed to concentrate on them. Thus,
studies of parts might be well advised to get listings of parts alone.

2. Although it is conceivablethat the set of zebra's stripes as a whole
or the set of leopard's spots as a wholeserves as a part, it is not correct
to suggest that anyone stripe or spot is a part associated with an object
concept. There are three reasons for this. First, such elements of a pat
tern are not perceived as individualfeatures. Althoughthe elementscan
be perceptually distinguished, the Gestalt laws of similarity and com
mon fate result in their being perceived as an entire pattern rather than
100 individualspots or 12 individualstripes. For mostobjects, one does
not identify and remember individual elements of this kind. I have a
white shirt with blue and red vertical stripes, but I do not know how
many stripes it has, nor have I encoded any individual stripes into
memory, even though I am quite familiar with this shirt. Second. such
elements are not constant across members of the category. Leopards
do not all have the same spots in the same locations. If they did, then
the concept leopardcould be associated with each individual spot. But
becauseof variation in their location, size, and shape. no individualspot
is associated with the concept as a whole. Even worse, the llUlllber of
these elements is not constant across category members. If one leopard
has 100 spots and another has 120 spots, then it will be very difficult
to assess which elements they have in common, since there is no one
to-one correspondence. (In contrast, because almost all leopards have
four legs, which can be individuated by their locations, each leg could
be encoded as a part.) Third, Winston, Chaffin. and Herrmann (\987)
have pointed out that object componentsare in principle separable from
the rest of the object. I would argue that these elements (and the stripes
on my shirt) cannot be removedfrom the object withoutremovingpieces
of other, more coherent parts (e.g., skin or the shirt collar).

Notethat the first two pointsapplyto the textureelementsin the stimuli
of Experiments 1-3 of Murphy(1991). therebyarguingagainst any claim
that they are individual parts. The speed of the identification times in
Experiment 3 argues strongly that subjects were not counting or even
identifying individual dots or stripes in the stimuli. The judges agreed
that these elements were not parts, though they judged that the entire
pattern formed a single part. I do not think that this is completely COf

rect, either (the pattern is a surface property rather than a component).
but it is their opinion that is reflected in the published part count. Even
this liberal (by my standards) count did not create a cluster of parts at
the middle level.

(Manuscript received May 28, 1991;
revision accepted for publication May 29, 1991.)


