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There is growing evidence that face recognition is ‘‘special’’ but less certainty concerning the way
in which it is special. The authors review and compare previous proposals and their own more recent
hypothesis, that faces are recognized ‘‘holistically’” (i.e.. using relatively less part decomposition
than other types of objects ). This hypothesis, which can account for a variety of data from experiments
on face memory, was tested with 4 new experiments on face perception. A selective attention paradigm
and a masking paradigm were used to compare the perception of faces with the perception of inverted
faces, words, and houses. Evidence was found of relatively less part-based shape representation for
faces. The literatures on machine vision and single unit recording in monkey temporal cortex ate
also reviewed for converging evidence on face representation. The neuropsychological literature is
reviewed for evidence on the question of whether face representation differs in degree or kind from

the representation of other types of objects.

Several lines of research have suggested that face recognition
is ‘‘special.’’ Neuropsychological studies have demonstrated
that face recognition can be selectively impaired relative to the
recognition of objects of equivalent difficulty, implying that peo-
ple use different brain areas for face recognition and other types
of cbject recognition (Farah, Klein, & Levinson, 1995), Single
unit recordings in monkeys have revealed a population of cells
in the temporal cortex that respond selectively to faces, in some
cases responding differentially to particular faces, suggesting a
role for these cells in face recognition (e.g., see Desimone,
1991, for a recent review ). Although cells have also been found
that respond to nonface objects, the selectivity and strength of
such responses are weaker (Baylis, Rolls, & Leonard, 1985).
Developmentally, face recognition appears to have an innate
component. At just 30 min of age, infants will track a moving
face farther than other moving patterns of comparable contrast,
complexity, and spatial frequency (Johnson, Dziurawiec, El-
lis, & Morton, 1991). The face inversion effect, discussed in
more detail later, provides another indication that face recogni-
tion is different from other kinds of object recognition. Whereas
most objects are somewhat harder to recognize upside down
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than rightside up, inversion makes faces dramatically harder to
recognize (see Valentine, 1988, for a review).

The question of how face recognition is special has received
less attention. How is shape represented for purposes of face
recognition, and how does this differ from the representations
of shape used for object recognition? Of course, it is possible
that there are no differences and that face recognition is equiva-
lent to other forms of visual pattern recognition in terms of the
underlying visval information processing involved. Neverthe-
less, the differences just reviewed in neural implementation,
developmental course, and sensitivity to orientation make it rea-
sonable to suspect that differences also exist in the way faces
and objects are represented and to inquire into those differences.

Hypotheses About Face Representation

Most hypotheses about face representation highlight the im-
portance of the overall structure or “‘gestalt’”” of faces relative
to other kinds of objects that people recognize. This generai
idea has been subjected to a variety of specific formulations and
operaticnalizations., Here we review a number of these formula-
tions, briefly mentioning the type of experimental paradigm by
which each formulation has been operationalized. We also note
briefly the weaknesses of each approach, which have motivated
continued attempts to frame and test new hypotheses concerning
face perception.

Bradshaw and Wallace (1971 ) formulated the hypothesis that
faces are perceived as gestalts in terms of Sternberg’s (1969)
distinction between parailel and serial processing. They tested
the hypothesis that facial features are perceived simultaneously
or in parallel using an adaptation of the short-term memory
scanning paradigm: Each participant’s task was to compare se-
quentially presented faces and judge them same or different.
Pairs that were different could differ in one or more (up to a
total of seven ) of their features, and the question of interest was
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whether reaction times to these pairs would vary as a result of
the number of features that differed. Bradshaw and Wallace
found that the number and identity of differing features did
affect reaction tirme, consistent with a serial self-ternxjnating
search for differences, and concluded that faces in their experi-
ment were not perceived as unitary gestalts. The Bradshaw and
Wallace experiment was one of several conducted in the 1970s
using speeded *‘same’’ - *‘different’’ paradigms in which it was
assumed that if the features of faces are processed in parallel,
there should be no effect of number of differing features (e.g.,
Matthews, 1978; Smith & Nielsen, 1970). This seems a ques-
tionable assumption, because the greater the number of differing
features, the more dissimilar the two faces will be overall and
the easier it will be to detect the difference, no matter how
they are represented. In addition, Bradshaw and Wallace (1971)
themselves pointed out the possibility that their experimental
task may have induced special strategies {p. 447).

Rhodes (1988) formulated the issue in terms of what she
labeled first versus second order, or configurational, features.
First order features were taken to be the appearance of relatively
discrete facial features labeled with common words such as eye,
nose, chin, and 5o on. Second order features were defined by
Rhodes as having configurational properties, under which she
included spatial relations among first order features and the

position of first order features, along with information about face
* shape. The hypothesis tested by Rhodes was that face perception
involves second order features and is hence at least partly con-
figurational. To determine which types of features predict per-
ceived facial similarity, Rhodes used multidimensional scaling
of similarity ratings among a set of faces and then regressed a
large set of both first and second order features on the scaling
solution. Her results indicated that both first and second order
features were relevant determinants of facial appearance. Al-
though this work represents a milestone in methodological so-
phistication, a drawback is that the concept of configuration
was not explicitly defined. For example, is eye tilt, which was
included in the analysis, a first order shape feature or a second
order position feature? From the point of view of recasting the
intuitive concept of gestalt face processing into more explicit
information-processing terms, the concept of configuration is
not a tremendous improvement. In addition, because Rhodes
did not conduct similar analyses with patterns other than faces,
she did not draw any conclusions about how face perception
differs from the perception of other patterns.

Yet another formulation of the idea that overall structure or
gestalt is important in face perception comes from Sergent
(1984), who applied Garner’s (1974) framework of dependence
versus independence of stimulus feature processing to faces and
suggested that the perception of facial features shows depen-
dency or mutual influence. She analyzed participants’ perfor-
mance in a speeded matching task and a similarity rating task
and found that the effects of combinations of features could not
always be predicted by the effects of the features individually.
Furthermore, this conclusion held only for upright faces. A limi-
tation of these results pointed out by Bruce (1988) is that only
one facial feature displayed this pattern of nonindependence
with the other features, the feature termed ‘‘internal space.”
This refers to how closely grouped the features are toward the
center of the face, which is a more relational property than what

one normally thinks of as an individual feature. Nevertheless,
the finding cannot simply be a trivial consequence of labeling
the relations among a set of features as a feature, because the
same feature did not interact with the others in inverted faces.

Another well-known attempt at formulating what is special
about face perception is in terms of spatial frequency. Harmon
(1973) and Ginsburg (1978) demonstrated that low spatial fre-
guency information may be particularly important in face recog-
nition and that the high spatial frequencies may be of only
marginal additional use. Because low spatial frequencies repre-
sent the large-scale structure of the face, this hypothesis provides
another explicit version of the general idea that faces are repre-
sented as gestalts. Again, Bruce (1988) provided a useful cri-
tigue of this hypothesis, including a review of subsequent empir-
ical work that challenges the special role of low spatial frequen-
cies in face perception using filtered images.

The final hypothesis discussed here is based on an analogy
with the word superiority effect in reading (Reicher, 1969;
Wheeler, 1970, this hypothesis was suggested to us by Don
Hoffman, persenal communication, 1995). Perhaps faces are
represented in terms of parts and wholes to the same degree as
other visual patterns, but the whole-level representations are
particularly important in encoding the part representations.

The foregoing hypotheses are different, but they have in com-
mon an emphasis on the overall structure of the face, above and
beyond its more local featural information. The hypothesis of
Bradshaw and Wallace (1971), that face perception involves
parallel perception of features, captures the idea that all parts
of the face are perceived simultaneously. However, this is a
weaker notion of overall structure or gestalt than the hypothesis
of Sergent (1984), in which the parts are not only perceived
together but influence one another so that, in effect, the *‘whole
is more than the sum of its parts.’ Rhodes’s (1988 concept of
configurational information captures yet ancther way in which
face perception might transcend local feature perception, by
involving nonlocal features consisting of relations among local
features. This is distinct from the parallel processing hypothesis,
which does nat broach the topic of relations among features
being processed in parallel, and is at least formally distinct from
the interdependence hypothesis, which concerns the interactions
among features rather than the features themselves. The spatial
frequency hypothesis describes the difference between lacal fea-
tures and overall structure in terms of the different spatial scales
at which such information is typically available. The facilitation
of part encoding by whole context emphasizes the importance
of overall structure in deriving a part-based representation, The
hypothesis presented shortly is yet another attempt to capture
the notion of gestait face representation in explicit terms from
cognitive psychology. Before presenting our hypothesis, we re-
view one last alternative, one that is quite distinct from the rest
and that has become perhaps the best-known hypothesis about
the distinctive nature of face recognition.

Diamond and Carey (1986) distinguished between what they
termed first order relational information, which is sufficient to
recognize most objects, and second order relational informa-
tion, which is needed for face recognition. They defined these
terms explicitly, and their meanings appear to be quite distinct
from Rhodes’s (1988} similar terminology. First order relational
information consists of the spatial relations of the parts of an
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object with respect to one another. In contrast, second order
relational information exists only for objects whose parts share
a general spatial configuration, and it consists of the spatial
relations of the parts relative to the prototypical arrangement of
the parts. For a face, the first order relational information would
include the spatial relations among the eyes, nose, and mouth,
for example. The second order relational information would
include the spatial locations of these parts relative to the proto-
typical arrangement of eyes, nose, and mouth. Diamond and
Carey also suggested that the use of prototypes and second
order relational information is not unique to face recognition but
underlies all “‘expert’’ recognition of objects with prototypical
spatial configurations. In support of their hypothesis, they dem-
onstrated that dog recognition by dog experts showed an inver-
sion effect comparable in magnitude to the face inversion effect,
whereas nonexperts, who had developed prototypes for human
faces but not for dogs, showed only a face inversion effect.

Although Diamond and Carey’s (1986) results show that
pronounced inversion effects are not necessarily limited to faces.
and that expertise may be an important factor in determining
the mode of encoding, these results do not directly address the
role of first versus second order relational information per se in
face recognition. Diamond and Carey’s data do not reveal the
types of visual information processing that their dog experts
were using when recognizing dogs or the types that all of their
participants were using when recognizing faces.

Tanaka and Farah (1991) conducted a direct test of the hy-
pothesis that second order relational infermation is particularly
sensitive to inversion and that this sensitivity underlies the face
inversion effect. They reasoned that the strongest and most direct
test of such a hypothesis would involve nonface stimuli and
would consist of varying the relative importance of first and
second order relational information for stimulus recognition
while holding other aspects of the stimuli and task constant. To
this end, they taught participants to identify dot patterns that
either shared a common configuration (each pattern having been
generated from a prototype by small changes in dot position)
or did not. In two experiments, they obtained a moderate inver-
sion effect for the dot patterns, but there was no difference
between the two types of patterns. They concluded that relativety
greater reliance on second order relational information does not
necessarily result in greater sensitivity to pattern inversion. The
implication of this finding for the face inversion effect and the
nature of face recognition more generally is that the face inver-
sion effect is probably not caused by reliance on second order
relational information, and therefore the underlying difference
between face and object recognition is probably not the degree
to which they rely on second order relational information.

Holistic Face Representation: Evidence of Minimal Part
Decomposition in Memory Representations of Faces

Our alternative hypothesis about the difference between face
and objéct recognition concerns the degree of part decomposi-
tion wvsed in representing the two types of stimuli. In many
current theories of object recognition, stimulus shape is repre-
-sented in terms of explicitly represented parts, such that parts
are represented as shapes in their own right (e.g., Biederman,
1987; Hoffman & Richards, 1985; Marr, 1982; Palmer, 1975).

Our hypothesis is that face recognition differs from other types
of recognition in that it involves relatively little part decomposi-
tion. For example, according to most theories of vision, recog-
nizing a particular house involves explicitly representing at least
some of the parts of the house, such as the door, window, front
steps, and so forth, whereas, according 1o our hypothesis, recog-
nizing a particular face does not involye (or involves to a lesser
extent) explicit representations of the eyes, nose, and mouth.
Instead, we hypothesize that faces are recognized primarily as
undifferentiated wholes. Note that we do not deny the possibility
of a mixed population of representations, some of which are
holistic and some of which feature explicitly represented parts.
Indeed, people’s ability to recognize and distinguish isolated
parts of faces, even if it is less proficient than their corresponding
ability with whole faces, suggests that they must have access
to explicit representations of facial parts under at least some
circumstances. Such part representations might bear a hierarchi-
cal relation to people’s whole face representations, analogous
to the relation between letter and word representations, or might
simply constitute an independent population of representations.
Our claim is that, to the extent that this is true, face recognition
involves disproportionately more holistic representations than
the recognition of other types of patterns.

We previcusly tested this hypothesis with two types of experi-
ments. The first was based on an approach developed by cogni-
tive psychologists in the 1970s to the question of which portions
of a visual pattern are psychologically real parts and which are
not. Bower and Glass {1976) demonstrated that some portions
of a pattern provided an effective retrieval cue for drawing
the pattern from memory and others did not. This distinction
correspended to whether the portions were ‘‘good’’ paris ac-
cording to Gestalt principles. Reed (1974) found that partici-
pants were more likely to be able to verify that pattern fragments
that were “*good’’ parts were contained in a mentally imaged
pattern. Palmer ( 1977 ) obtained ratings of the goodness or natu-
ralness of different ways of parsing patterns and showed that
participants were better able to recognize that a pattern fragment
came from a previously studied pattern if it was independently
rated a good or natural part.

These studies all demonstrate that when a portion of a pattern
corresponds to a part in the natural parse of the pattern by the
visual system, it will be better remembered. They thus provide
an assay for the degree to which a portion of a pattern is treated
as a psychologically real part by the viewer. In our initial experi-
ments, we relied most directly on Palmer’s (1977) approach,
reasoning that if a portion of a pattern is explicitly represented as
a part in the visual representation of the stimulus that underlies
recognition, then it should be identified more accurately when
presented in isolation from the rest of the pattern than when it
does not have the status of a part in the pattern representation.
In contrast to Palmer’s ( 1977 ) research, which focused on mem-
ory for geometric patterns, ours involved realistic drawings.

Tanaka and Farah (1993 ) taught participants to identify faces
and various contrasting classes of nonface stimuli and then as-
sessed the degree to which the parts of these stimuli were explic-
itly represented in participants’ memories. For example, in one
experiment, participants learned to name a set of faces (e.g.,
Joe or Larry), as well as a set of houses (e.g., Bill’s house or
Tom’s house). They were then given two-alternative forced-
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choice tests of the identity of isolated parts (e.g., *'Which is
Joe's nose?”’ or ““Which is Bill's door?’’) or whole patterns in
which the correct and incorrect choices differed only by a single
part (e.g., ““Which is Joe?'’ [when confronted with Joe and a
version of Joe with the alternative nose from the isolated part
test pair] or ‘*Which is Bill’s house?”’ [when confronted with
Bill’s house and a version of Bill’s house with the alternative
door from the isolated test pair]). It was found that, relative to
their ability to recognize whole faces and houses, subjects were
impaired at recognizing parts of faces as compared with parts

of houses. Could the difference have been caused by the nature

of the parts themselves? No, because the same pattern of results
was obtained when faces were compared with scrambled faces
and inverted faces, whose parts are identical. These results are
consistent with the hypothesis that during the learning and sub-
sequent recognition of the houses, scrambled faces, and inverted
faces, participants explicitly represented their parts, whereas
during the learning and subsequent recognition of the intact
upright faces, they did not, or they did so to a lesser extent.

Tanaka and Sengco (1997) showed that these results should
not be interpreted simply in terms of a part-based representation
in which, for faces, the configuration of parts is particularly
important. If this were the case, changes in configuration would
affect overall face recognition, but so long as individual parts
are explicitly represented, this manipulation should not affect
recognition of the individual parts per se. Testing this prediction
by comparing upright faces with inverted faces and houses, they
again found evidence of holistic coding of upright faces.

This operationalization of holistic representation has also
been used with members of two special populations. Tanaka,
Kay, Grinnel, and Stansfield (in press) have shown that children
as young as 6 years old show a disadvantage for isolated parts
of faces, whether tested for their long-term memory for faces
in the same way as the adult participants described earlier or
tested with an immediate memory paradigm in which a pair of
test faces or face parts is presented immediately after the study
face. Farah, Tanaka, and Drain (unpublished data, described in
Farah, 1996} tested a prosopagnosic participant (i.e., an individ-
ual who has lost the ability to recognize faces) on short-term

- memory for faces presented in a normal format or “*exploded’”
so that the parts of the face were presented separately. Whereas
normal participants performed better with the normal faces,
presumably because they could encode them as wholes, the
prosopagnosic participants performed roughly equivalently
whether given the opportunity to encode the faces as wholes or
forced to encode them as parts. This result.is consistent with
the hypothesis that the face recognition ability that has been
lost in prosopagnosia involves the representation of faces as
wholes.

Recent work by Moscovitch, Winocur, and Behrmann ( 1997)
complements these findings by showing that a patient whose
face recognition was disproportionately spared, relative to ob-
ject recognition, could not recognize photographs of faces that
had been cut into separate parts. The results of this and numerous
other experiments with this patient led the authors to conclude
that face and object recognition differ in their reliance on part
representations, although their operationalization of “‘part’” ap-
pears to include arbitrary fragments as well as structural compo-
nents in a shape hierarchy (e.g., see Experiment 14).

Another way in which we have tested the holistic representa-
tion hypothesis is by determining whether it could explain the
face inversion effect (Farah, Tanaka, & Drain, 1995). If face
recognition differs from other forms of object recognition by
the use of relatively undecomposed or holistic representations,
then perhaps the face inversion effect results from the use of
holistic, or non-part-based, representation. In the first experi-
ment, we taught participants to identify random dot patterns and
later tested their recognition of the patterns either upright or
inverted. Half of the patterns learned by participants were pre-
sented in a way that encouraged parsing the pattern into parts:
Each portion of the pattern corresponding to a part was made
from a distinctive color, so grouping by color defined parts. The
other half of the patterns learned were presented in ali black,
and the test stimuli for all patterns were presented in black.
‘When participants had been induced to see the patterns in terms
of parts during learning, their later performance in identifying
the patterns showed no effect of crientation. In contrast, when
they were not induced to encode the patterns in terms of parts,
they showed an inversion effect in later recognition. In a second
experiment, we manipulated participants’ encoding of faces and
then tested their ability to recognize the faces upright and in-
verted. They were induced to learn half of the faces in a partwise
manner (in the ‘‘exploded’’ format described earlier), whereas
the other half of the faces to be learned were presented in a
normal format. All faces were tested in a normal format. For
the faces that were initially encoded in terms of parts, there was
no inversion effect. In contrast, faces encoded normally showed
a normal inversion effect. These results suggest that what is
special about face recognition, by virtue of which it is so sensi-
tive to orientation, is that it involves representations with rela-
tively little or no part decomposition.

Are Perceptual Representations of Faces Holistic?

Each of these earlier lines of research was relevant to testing
the hypothesis that faces are stored in a relatively holistic form
in memory. Strictly speaking, they do not address the question
of whether faces are perceived holistically. This question is of
interest because some of the evidence reviewed earlier suggests
that the *‘special’” status of faces extends to the visual represen-
tations that are initially constructed during perception. For ex-
ample, patients who are impaired at face recognition appear to
perceive faces abnormally (Farah, 1990). In addition, the face
inversion effect can be obtained in tasks that are free of any
long-term memory component (e.g., matching of sequentially
presented faces; Valentine, 1988). These considerations suggest
that the memory representations of faces, studied in our previous
research, are holistic because faces are initially encoded holisti-
cally during perception. However, the hypothesis that faces are
perceived holistically has not been tested directly. That was the
goal of the present experiments.

In these experiments, we assessed the degree of part decom-
position on-line, during the perception of faces, using two types
of experimental paradigms. In the first, we measured the relative
availability of part and whole representations by requiring parti-
cipants to compare single features of simultaneously presented
pairs of faces and observed the influence of irrelevant features
on their ability to judge the similarity or difference of the probed
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featre. For example, they might be asked whether two faces
have the same or different noses. To the extent that participants
have explicit representations of the separate features of a face,
they shouid be able to compare them with one ancther. To the
extent that they do not have explicit representations of these
features, but rather, only a holistic representation of the entire
face, they should suffer cross talk from irrelevant features when
judging the probed feature. The amount of cross talk with up-
right faces can be compared with that with inverted faces to
measure the relative availability of parts and wholes in the repre-
sentations of the two kinds of stimuli. In the subsequent three
experiments, we explored the effect on face perception of masks
composed of face parts or whole faces. As Johnston and McClel-
land (1980) reasoned in their experiments on word perception,
1o the extent that masks contain shape elements similar to those
used in representing the stimulus, the mask will interfere with
perception of the stimulus. The effects of part and whole masks
on the perception of upright faces were compared with their
effects on the perception of words, inverted faces, and houses.

Experiment 1

The degree to which people explicitly represent the parts of
faces during face perception was investigated with a same—
different matching paradigm in which particular parts of the
face were to be compared. On each trial, a pair of faces was
briefly presented, one beside the other, followed immediately
by the name of a facial part. Participants were to decide whether
the two faces shared the same exemplar of the named part (e.g.,
the same nose). To the extent that the parts of the face are
explicitly represented in immediate visual memory as units of
shape in their own right, participants should be able to compare
them with one another independently of the other separately
represented face parts. To the extent that participants have only
a unitary, undecomposed representation of each face, they
should be able to judge only the overall similarity or difference
between the faces, and their judgment of the similarity of any
individual part will be contaminated by the amount of similarity
between the other parts. .

Of course, face representations are unlikely to be either pure
holistic representations with no explicit part-level representa-
tions (especially in the context of the present task’s demands)
or pure collections of parts with no explicit whole-level repre-
sentation. The present experiment was therefore designed io
compare the relative contributions of part and whole representa-
tions with the perception of upright and inverted faces. That is,
the prediction was neither that faces are perceived only as
wholes nor that nonfaces are perceived only as parts; rather, a
differential weighting of parts and wholes for faces relative
to nonfaces was predicted. Because the hypothesis that face
perception is holistic pertains only to the perception of upright
faces, inverted faces provide control stimuli that are geometri-
cally identical to upright faces (except for orientation), and
therefore have the same partwise and holistic similarity rela-
tions, but are predicted to have less holistic perceptual
representations.

Method

Participants. Twenty-four undergraduate students at Carnegie Mel-
lon University participated in exchange for course credit. All participants
had normal or corrected-to-normal vision.

Materials. Six faces were created with the Mac-A-Mug (Macintosh)
program. All of the internal features of the faces (eyes, nose, and mouth)
were distinctive, and all of the external features (facial outline, chin,
ears, and hair} were the same. Each of these faces was presented side
by side with an identical copy of itself and with copies in which one or
more features differed. Specifically, each face was paired with a face
differing in eyes only, nose only, mouth only, eyes and nose, eyes and
mouth, nose and mouth, and eyes, nose, and mouth. For each of the six
original faces, there were 8 face pairs, 1 composed of an identical pair
and 7 composed of pairs with one or more features changed as just
described. This resulted in 48 different face pairs. Three of the original
six faces appeared to the left of their different versions, and three ap-
peared to the right. Each face measured 10.5 % 14.5 cm and subtended
abont 12° X 16.5° at the average participant viewing distance.

Procedure.  Stimuli were presented, and responses collected, on a
Macintosh II computer. On each trial, after the offset of a central fixation
dot, a pair of faces was presented for 1 s, followed immediately by one
of the words eyes, nose, mouth, or all. Participants were instructed to
judge whether or not the named parts of the two faces were identical
or, if probed with afl, to judge whether the two faces were identical.
Although we have no theoretically motivated predictions for the results
of the all probe condition, we included it to weaken the implicit task
demand to view the faces as collections of unrelated distinct parts (a
task demand that might increase the likelihcod of an artifactual null
result). Participants responded using the computer keyboard, pressing
““z” for same and **/*" for different. Response latencies were not re-
corded. Approximately 12-16 practice trials were given.

The part probes followed face pairs that were either identical or dif-
fered by either just the named part or all parts. This resulted in equal
numbers of trials on which the correct answer was same and different
for each part probe, along with 72 trials with part probes. The afl probe
followed all pairs, resulting in fewer same than different trials by a 1.7
ratio, along with 48 trials with 4/l probes. The combined 120 trials were
presented once with the faces upright and once with the faces inverted;
half of the participants performed the task with the upright faces first,
and half performed it with the inverted faces first. There was 3 5-min
break berween the two blocks of trials.

Results and Discussion

The results of the part probe conditions are of primary inter-
est, because they are relevant to confirming or disconfirming
the holistic perception hypothesis. Thus, they are discussed first.
As can be seen in Table 1, the compatibility of the probed and
irrelevant parts had an effect on response accuracy, and the
effect was larger for upright faces than for inverted faces. For
upright faces, when the irrelevant parts were compatible with
the probed part (i.e., the probed part was the same and the
irrelevant features were also the same, or the probed part was
different and the irrelevant features were also different), partici-
panis achieved an average rate of 74.6% correct; when the irrele-
vant parts were not compatible with the probed part (i.e., the
probed part was the same and irrelevant parts were different,
or the probed part was different and the irrelevant parts were
the same ), participants achieved only 61.8% correct. The cofre-
sponding means for the inverted faces were 66.6% and 62.2%
correct. This patiern of results was predicted by the hypothesis
that face perception is holistic. Figure 1 shows the means of the
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Table &

Percentage Correct Facial Matching in Experiment 1 for Upright and Inverted Faces:
Same or Different Probed Parts and Compatible or Incompatible Nonprobed Parts

Upright Invertad
Irrelevam features Irrelevant features Irrelevant features Trrelevant features
Probed feature compatible incompatible compatible incompatible
Same 91.5 86.6 74.7
Different 57.6 46.5 49.6

compatible and incompatible conditions for upright and inverted
faces. Figure 2 shows the effect of compatibility for upright
and inverted faces.

A planned comparison was carried out to test the prediction
that compatible irrelevant parts will facilitate performance rela-
tive to incompatible parts and that this effect will be greater for
the upright faces than for the inverted faces. The corresponding
weights for the upright and inverted faces with compatible and
incompatible irrelevant parls were set at .67, —.67, .33, and
—.33, respectively, vielding a value of F(1, 23) = 35.10, p <
.0001.

A repeated measures analysis of variance was performed on
participants’ percentage correct rates in each of the part probe
conditions of interest; the following crossed variables were used:
probed part {same or different), irrelevant part {compatibie or
incompatible with probed feature), and orientation (upright or
inverted ). The hypothesis that face perception is relatively holis-
tic predicts that the compatibility of the irrelevant parts will
have a larger effect on judgments about upright faces than on
judgments about inverted faces. The correspending interaction,
between compatibility and orientation, was significant, F{ 1, 23)
= 6.85, p < .02. In addition, there were three significant main
effects and one other significant interaction. Same responses
were more accurate than different responses (81.1% vs. 514%

100 ] Irrelevant Feature:
90 - M Compatible
50 1 [ Incompatible
70
60 1
50 1

% Correct

40 1
30

10

Upright Toverted

Orientation

Figure 1. Percentage correct facial part matching in Experiment § for
upright and inverted faces as a function of the compatibility between
the probed parts and the nonprobed, or irrelevant, parts.

carrect), F(1, 23) = 106.94, p < .001; performance was more
accurate with compatible than incompatible irrelevant parts
{70.6% vs. 62% correct), F(1,23) = 20.80, p < .001; upright
faces were compared more accurately than inverted faces
{68.2% vs. 64.4% correct), F(1, 23) = 4.23, p < .05; and the
effect of compatibility was greater for same trials than for differ-
enr trials (89.1% and 73.2% correct for compatible and incom-
patible same trials and 52.1% and 50.8% correct for compatible
and incompatible differens trials), F{1, 23} = 29.05, p < .001.
No other effects were significant {ps > .1 in all cases}. Separate
analyses of variance testing the simple effects of compatibility
on upright and inverted faces revealed a significant effect for
the upnight faces, F{1,23) = 31.92, p < .0001, and a borderline
significant effect for inverted faces, F{1, 23} = 3.79, p = .064.

Examination of the means in Table 1 suggests that participants
were more likely to respond “‘same’’ than *‘different’” in this
experiment, and indeed accuracy on different trials was at
chance. We therefore repeated the critical planned comparison
with only the data from same trials and confirmed that the
predicted pattern of results was obtained with this subset of the
data, F(1, 23) = 52.88, p < .0001.

In the all probe condition, participants were to respond
“same’”’ only if all of the parts of the faces matched. Mean
percentage correct rates for the conditions of interest are shown
in Table 2. The only significant effect was that of response, with
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Figure 2. Effect of compatibility for upright and ioverted faces in
Experiment 1.
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Table 2
Percemage Correct Whole Face Matching in Experiment |
Jor Upright and Inverted Faces: Same or Different Faces

Whole face Upright Inverted
Same 80.6 82.6
Different 69.1 62.8

same Tesponses more accurale than different responses (81.6%
vs. 66.0% correct), F(1, 23) = 15.04, p < .001. No other
effects were significant (ps > .1). :

The prediction of the holistic face perception hypothesis was
bore cut by the results of this experiment. We reasoned that if
perceived faces were represented as undifferentiated whole
shapes, without explicitly represented parts, then it would be
difficult for participants to compare paris independent of the
whole. We found that this was indeed the case when the diffi-
culty of comparing parts of upright faces was compared with
the difficulty of comparing the same parts of the same faces
inverted, which do not engage face-specific representations (or
do s0 to a lesser extent) . Of course, this result is susceptible o
the alternative explanation that both upright and inverted faces
are represented to the same degree in terms of parts but that,
for some reason, the individuai parts are less accessible when
faces are upright. However, in the absence of an independent
reason to believe that there is differential part accessibility,
rather than differential representation of parts, with upright
faces, the holistic perception hypothesis provides the most
straightforward account of these data.

This experiment tested the holistic perception hypothesis with
the representations of faces in immediate visual memory. Partici-
pants could begin their comparisons of the faces as soon as they
read the probe words, which appeared at the same instant that
the faces disappeared. In Experiment 2, we manipulated percep-

tual encoding per se using different kinds of pattern masks,’

thereby studying the roles of part and whole representations in
the initial construction of face representations during percep-
tion. This increases the number of qualitatively different experi-
mental paradigms that have been used to test the hypothesis of
holistic face representation and, in particular, helps to rule out
the alternative hypothesis that parts are represented but merely
less available for access during explicit comparisens. It alse
provides the most direct test of the holistic representation hy-
pothesis as applied to perception.

Experiment 2

One way of stating the holistic representation hypothesis is
that, in the course of constructing a perceptual representation
of a face, it is not necessary (o construct explicit representations
of its parts. This formulation of the issue highlights its similarity
to an issue addressed by Johnston and McClelland (1980) in
their research on word recognition. They hypothesized that word
recognition involves a hierarchical recognition process in which
letters are explicitly recognized before words. They tested this
hypothesis by assessing the relative effects of different kinds of
masks on word perception. Although they interpreted their re-

sults using a detailed quantitative model, the qualitative gist of
their reasoning was as follows: If the explicit representation of
letters is a necessary stage leading up to word recognition, then
masks made up of letters should have a more detrimental effect
on word recognition than masks made up of letter fragments.
Their results supported this prediction.

We used a simple version of the Johnston and McClelland
paradigm to address the question of whether face recognition
requires explicit representation of facial parts. If faces are recog-
nized as a whole and part representation plays a relatively small
role in face recognition, then a mask made of face parts should
be less detrimental than a mask consisting of a whole face. In
this experiment, we used words as the contrasting nonface stim-
ulus set, because Johnston and McClelland's earlier work had
suggested that they are recognized via part representations.

Participants performed a sequential same—different matching
task in which a stimulus was presented briefly, followed by a
mask, a blank interstimulus interval, and a second stimulus. By
varying the nature of the mask, we could assess the effects of
interfering with part and whole representations on the guality
of perception of the first stimulus. Part and whole word masks
consisted of nonwords and words, respectively, as in the original
experiments of Johnston and McClelland. These masks were
composed of letters not present in the word stimuli, and nonword
masks were scrambled versions of the word masks. Examples
are shown in the Appendix. By analogy, part and whole face
masks were composed of facial parts not used in the stimulus
faces, and part face masks were scrambled versions of whole
face masks, as shown in Figure 3. The question of whether the
part face masks are eguivalent to the part word masks for pur-
poses of this experiment is discussed in the Results and Discus-
sion section. )

Method

Participants.  Sixteen students from Camegie Melion University and
the University of Pennsylvania were paid for their participation in this
study. All participants had nermal or corrected-to-normal vision. Five
were replaced becaunse their performance in one or more conditions was
below 55% correct or above 93% correct.

Materials. We created a set of 36 four-letter words using 14 1arget
letters (¢, d. e, . b j. L m o0, p, 5 1 u and z) in 18-point Courier font.
These words were 3 cm long and subtended an angle of abour 3.5° at
the average participant viewing distance. Each of the words was paired
with a copy of itself and with another word. The other word differed
by a single lstter {e.g., most was changed o must}, thus producing 36
same-word pairs and 36 difterent-word pairs, The changed letter oc-
curred equally often in each of the four letter positions. Nine 4-letter
word masks, or whole masks, were created from 11 mask letters (a. b,
2 |k onopwow x and ¥). As in Johnston and McClelland (1980), ¢
was not used in any of the target or mask words. Part masks were
created by scrambling the positions of the letters within each of the whole
masks, resulting in nine whole masks and nine part masks. Examples are
shown in the Appendix.

A set of 36 faces was created with the Mac-A-Mug software. The
faces measured 10.5 % 14.5 cm and subtended about 12° X 16.5° at the
average participant viewing distance. Each of these faces was paired
with a copy of itself and with a similar-appearing but different face to
create 36 same-face and 36 different-face pairs. As in the previons
experiment, faces shared the same facial outline (hair, ears, chin, and
shoulders): only the internat features {eyes, nose, and mouth) differed
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~Figure 3. Examples of whole and part masks for face stimuli.

between faces. Whereas different word pairs differed by only cne part,
different Tace pairs differed by all three internal parts so as to be roughly
equivalent in difficulty. Subsequent experiments provide evidence that
the nature of differenr pair construction is not responsible for the results
1o be reported. Nine additional faces, different from those used in the
stimuli pairs, were used as whole masks. As with the word masks, part
masks for faces were created by scrambling the positions of the parts
within the face (e.g.. placing the mouth in the normal position of the
nose, the eyes in the normal position of the mouth, and the nose in the
normal position of the eyes). An example is shown in Figure 3.

For each set of stimuli, words and faces, the 36 basic items were
repeated four times, twice paired with their corresponding different ver-
sion and twice paired with themselves for same trials. This resulted in
144 word trials and 144 face trials, which were blocked. Whole and
part masks were randomly assigned to trials. Trial order was randomized
with the restriction that no more than three consecutive trials could
include the same type of mask or require the same response.

Procedure. A Macintosh 1T computer was used to present stimuli
and record responses. The contrast on the Macintosh’s monitor was set
to approximately one half full brightuess and two thirds full contrast.
All trials began with the presentation of a fixation dot for 500 ms,
followed by the first stimulus of a pair. After an interstimulus interval
of 100 ms, a mask was exposed for 300 ms. After a 2-s delay, the second
stimulus of the pair was presented. In setting exposure durations for the
two types of stimuli, we were farced to choose between equating accu-
racy and equating exposure duration, Because sensitivity to manipula-
tions of perceptual difficulty is known to depend on overall performance
levels {with the greatest sensitivity at levels of performance that are
intermediate between poor and excellent}, we chose to equate sccuracy
at the expense of equating exposure duration. (Note that both accuracy
and exposure duration were equated for upright and inverted faces in
subsequent experiments.) The exposure duration for the first and second
word stimuli was |7 ms, and the duration for first and second face
stimuli was 200 ms. Participants responded nsing the computer keyboard,
pressing *‘2'7 for same and **/°7 for different. Both responses and re-
sponse latencies were recorded. After each response, a “‘Ready?”’
prompt appeared, and participants, when ready, initiated the next trial
by pushing the space bar. Twelve practice trials, with equal numbers of
same, different, part, and whole mask trials, were included, and feedback

concerning accuracy was given. Half of the participants performed the
block of face trials first, and the other half performed the block of word
trials first. There was a S-min rest break between blocks.

Results and Discussion

We focus our attention on the analysis of accuracy, because
error rales are high for conventional reaction time analysis. We
therefore begin our discussion of the results with the accuracy
measures. As can be seen in Table 3 and Figure 4, whole masks
interfered more with perception of faces than part masks (73.1%
vs. 77.6% correct), but there was litle difference apparent in
word perception {77.0% vs. 77.8% correct for the corresponding
conditions ). Figure 3 shows the effect for type of mask on word
and face matching accuracy.

A planned comparison was carried out to test the prediction
that whole masks would be more disruptive than part masks and
that this difference would be greater for face perception than
word perception. The corresponding weights for the whole and

Tabie 3
Fuace and Word Marching in Experiment 2 With Part or
Whole Masks: Same or Different Stimuli

Faces Words
Mask type Same Different Same Different

Percentage cortect

Part 80.7 74.5 757 79.9

Whole 77.6 68.6 74.5 79.5
Response time (ms)

Part 1.123.6 1,100.5 10114 1,228.0

Whole 1,184.0 1,146.1 1,042.5 1,225.4
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Figure 4. Percentage correct face and word matching in Experiment
2 with whole and part masks.

part face mask and whole and part word masks were set at
—~.67, .67, —.33, and .33, respectively, yielding a value of F(1,
15} = 11.58, p < .005.

A repeated measures analysis of variance was conducted on
participants’ number correct performance in each of the condi-
tions of interest, and the following crossed variables were used:
stimulus type {word or face), mask type (part or whole), and
response type {same or different). There was a significant inter-
action between stimulus type and response, with higher accuracy
for different than for same word pairs and the opposite trend
with faces, F(1, 15) = 6.31, p < .05. Participants achieved
average rates of 75.1% and 79.7% correct for same and different
word pairs and 79.2% and 71.5% correct for the corresponding
face pairs. The interaction between stimulus type and mask type
narrowly missed the .05 significance level, F(1, 15) = 4.20,
p = .058. Finally, the effect of mask type was of borderline
significance, with whole masks being more detrimental to per-
formance, (1, 15) = 3.94, p = .066. No other effects were
significant (ps > .1 in all cases). Separate analyses of variance
were carried out to test the simple effects of mask type on
face and word matching, The effect on face perception was
significant, F(1, 15) = 6.58, p < .05, and the effect on word
perception was not, F(1, 15) = 0.29, p > .1.

Response times were also analyzed after removal of response
times from incorrect trials and those that were more than 3
standard deviations above the mean of other reaction times in
the same cell for the participant. The same planned comparison
was performed on the response time data, and a significant result
was obtained, F(1, 15) = 5.89, p < .05. With part and whole
face masks, participants responded in an average of 1,112 and
1,165 ms; with part and whole word masks, the corresponding
means were 1,120 and 1,134 ms. In a repeated measures analysis
of variance with the same variables used in the analysis of
accuracy data, only the interaction between stimulus type and
response was significant; participants responded to same and
different word pairs in 1,027 and 1,227 ms and to same and
different face pairs in 1,154 and 1,123 ms, F(1, 15) = 11.26,
p < .005. No other effects were significant (ps > .1 in all

cases ). As with the accuracy data, separate analyses of variance
were performed on the reaction time data for the word and face
conditions to assess the simple effects of mask type on each
type of stimulus. Neither effect was significant (ps > .1 in both
cases).

Although there was a trend for the perception of both types
of stimuli to be more impaired by whole masks than by part
masks, this trend was much more pronounced for faces than for
words. This is consistent with the hypothesis that there is less
need for the parts of the face to be explicitly represented during
face perception than there is for the parts of words to be repre-
sented during word perception. We now consider some alterna-
tive explanations for this result.

The face and word stimuli differed from one another in a
variely of ways other than their identities as faces and words.
For example, the words were smaller than the faces. As noted
in the Materials section, the way in which differenr stimuli were
derived from same stimuli differed. To obtain comparable levels
of accuracy for faces and words, we used different exposure
durations. Perhaps the greater susceptibility of faces to whole
masking results not from a basic difference in the nature of face
and word representation but, rather, from their larger size, more
distributed differences, or longer exposures. Other differences
between the two sets of stimuli in the present experiment pertain
to the nature of their part masks. Whereas the parts of the word
part masks were perfectly superimposed on the parts of the
word they masked, the parts of the face part masks were not.
For example, even when a mouth is centered on a nose, some
of the nose is left unmasked. Also, whereas each of the letters
in the word part masks occurs in a realistic position (e.g., there
are fourletter words that begin with the letter a, as shown in
the first part word mask in the Appendix), the eyes, noses, and
mouths of the face part masks occur in unrealistic positions.
Perhaps the relatively greater effect of whole masks for faces is
due to the incomplete masking of the face part masks or their
more artificial nature relative to the word part masks.

7 B Mask Effect
8 -

% Correct

Words
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Figure 5. Effect of part versns whole masking on accuracy of matching
faces and words in Experiment 2.
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Upright Face, Inverted Face, and Word Matching in Experiment 3 With Part

or Whole Masks: Same or Different Stimuli

Upright faces Inverted faces Words

Mask type Same Different Same Different Same Different
Percentage correct

Part 79.0 80.3 78.4 72.1 728 882

Whole 734 71.8 80.5 68.4 71.2 89.0
Response time (ms)

Part 1,054.5 1,029.2 1,094.6 1,022.1 932.0 1,084,7

Whole 1,066.6 1,060.0- 1,080.2 1,10L.1 952.2 11326

These possibilities can all be addressed by comparing the
effects of part and whole masks on the perception of upright
and inverted faces. Inverted faces are equivalent to upright faces
in their size, in the nature of their *‘different’’ stimuli, and in
their exposure duration. They are also subject to the same
amount of overlap with inverted part masks as upright faces are
with upright part masks, and the inverted part face masks are
similarly unrealistic.

Experiment 3

In this experiment, we replicated Experiment 2 with words
and upright faces and also included inverted faces. If the differ-
ences between the effects of part and whole masks on face and
word perception are due to the kinds of low-level differences
between the face and word stimuli discussed earlier, then the
effects of masking inverted faces should be similar to the effects
of masking upright faces. In contast, if the greater effect of
whole masking on upright faces is due to face-specific percep-
tual representations, then inverted faces should not be dispropor-
tionately sensitive to whole masks.

Method

Participams,  Twenty-four new participants were recruited for this
study. All were undergraduate students from the University of Pennsyl-
vania who were paid for their participation. Participants had normal or
corrected-to-normal vision. Seven were replaced because their perfor-
mangce in one or more conditions was either below 55% correct or above
95% correct.

Materials. The materials were the same as in the previous experi-
ment, with the exception of a new block of trials created by inverting
the same face stimuli and masks used in the upright face condition.

Procedure. The procedure was the same as that used in the first
experiment, with the addition of a third block of trials for the inverted
face condition. The order of blocks was coumterbalanced over partici-
pants so that each block occurred equally often in each ordinal position.
In addition, participants completed 20 practice trials for each block, and
we used their performance during practice to adjust the brightness of
the monitor so as to equate as much as possible the difficulty of the
three blocks.

Results and Discussion

Table 4 and Figure 6 show the mean accuracy of participants
in the conditions of interest. As in the previous experiment,

whole masks interfered more with perception of faces than part
masks (75.6% vs. 79.7% correct), but there was again little
difference apparent in word perception (80.1% and 80.5% cor-
rect for the corresponding conditions). In addition, inverted
faces failed to show a large difference between whole and part
masks {74.3% and 75.3% correct, respectively ). This is consis-
tent with the hypothesis that the difference observed with upright
faces is indicative of a form of face-specific representation.
Although vpright and inverted faces share low-level perceptual
features, inverted faces do not engage specialized face percep-
tion mechanisms or do so to a lesser extent than upright faces.
Figure 7 shows the effects of mask type in the three conditions
of interest.

A planned comparison was carried out to test the prediction
that whole masks are more disruptive than part masks and that
this difference will be greater for upright face percepticn than
for inverted face or word perception. The corresponding weights
for the whole and part upright face masks, whole and part in-
verted face masks, and whole and part word masks, derived
from the ratios of the means of Experiment 2, were —.74, .74,
—.13, .13, —.13, and .13, respectively, yielding a value of F(2,
46) = 9.21, p < .005.
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Figure 6. Percentage correct npright face, inverted face, and word
maiching in Experiment 3 with whole and part masks.
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Figure 7. Effect of part versus whole masking on accuracy of matching
faces, words, and inverted faces in Experiment 3.

A repeated measures analysis of variance was conducted on
participants’ number correct performance in each of the condi-
tions of interest; the following crossed variables were used:
stimnlus type (word, inverted face, or upright face), mask type
(part or whole}, and response type (same or different). There
was again a significant interaction between stimulus type and
response, although the form of the interaction differed from that
observed in Experiment 2, with lower accuracy for same than
different word pairs (72.0% vs. 88.6% correct) and faces
(76.1% vs. 79.0% correct) and inverted faces showing a pattern
of higher accuracy for same than different pairs (79.5% vs.
73.0% correct), F(1, 15) = 32.34, p < .001. We cannot offer
any hypotheses to explain this pattern or the difference between
the present outcome and the outcome of Experiment 2. However,
note that the response times showed a different pattemn (de-
scribed subsequently ). Mask type had a significant effect, with
higher accuracy for part than whole masks (78.5% vs. 76.7%),
F(1,23) =895, p < .01, Finally, two effects were of borderline
significance: Different responses were more accurate than same
responses, F(1, 23) = 3.16, .05 < p < .1, and there was a
trend toward a three-way interaction among stimulus type, mask
type, and response type, F(2, 46) = 2,63, .05 < p < .1. No
other effects, including the overall interaction between mask
type and stimulus type, were significant (ps > .1 in all cases).
Separate analyses of variance were carried out to assess the
simple effects of mask type on each of the stimulus types. Mask
type had a significant effect on face matching accuracy, F(1,
23) = 7.04, p < .02, but not on word matching or inverted face
matching (ps > .1 in both cases).

Response times were analyzed as before. Initially, a planned
comparison on the six relevant means was carried out, as with
the accuracy data from this experiment, but this failed to pro-
duce significant results, F(2, 46) = 241, p > .1. A repeated
measures analysis of variance was also carried out, with the
same variables used in the analysis of accuracy data. Participants
were faster with part than with whole masks (1,036 vs. 1,072
ms), F(1. 23) = 440, p < .05. Also, there was an interaction

between stimulus type and response type, with same words
being particularly fast (1,061 and 1,045 ms for same and differ-
ent faces, 1,087 and 1,062 ms for same and different inverted
faces, and 962 and 1,109 ms for same and different words),
F(1, 23) = 1045, p < .001. There was a trend of borderline
significance for faster responses to same than to different trials,
F(1, 23) = 3,65, .05 < p < .1, which was opposite to the
borderline significant trend in accuracy for better performance
on different trials. No other effects were significant (ps > .1 in
all cases). Separate analyses of variance on matching reaction
time for faces, words, and inverted faces failed to reveal any
significant effects (ps > .1 in all cases).

In sum, the predicted pattern of results was obtained in the
accuracy data of this experiment. Specifically, the perception of
upright faces was more disrupted by the use of a whole mask
than by the use of a part mask. In contrast, neither words nor
inverted faces showed this pattern. The difference in efficacy of
part and whole masking for upright and inverted faces rules out
the alternative hypothesis that part face masks are ineffective
because of imperfect superposition of patterned regions in the
mask and stimulus.

Experiment 4

The previcus two experiments used the relative effects of part
and whole masks to measure the degree of holistic representation
in face perception and compare it with the degree of holistic
representation in the perception of words and inverted faces.
The goal of Experiment 4 was to extend this contrast to a kind
of concrete object viewed in a normal orientation. We chose
houses as our contrast objects.

On the basis of neuropsychological dissociations among dis-
orders of face, word, and object recognition, we have previously
hypothesized that objects are intermediate between faces and
words in their reliance on holistic representations ( Farah, 1991).
In the present experiment, we therefore predicted that the differ-
ence in efficacy between part and whole masks would be larger
for faces than for houses and larger for houses than for words.

Method

Participants. To resolve the smaller differences predicted to be
found between faces and houses than between faces and words or faces
and inverted faces, we increased by 50% the number of participants
included in this study. Thirty-six undergraduate students from the Uni-
versity of Pennsylvania were paid for their participation. Participants
had normal or corrected-to-narmal vision. Six were replaced because
their performance in one or more conditions fell below 55% correct or
above 95% correct.

Materials. The word and face materials from Experiment 2 were
used again. In addition, a set of 36 houses was crealed with architectural
design software for Macintosh, Each of these houses was paired with a
copy of itself and with a similar-appearing but different house to create
36 same and 36 differens pairs. All houses shared the same external
frame, but the internal features {door, bay window, and second story
windows) differed between houses. Nine additional houses, different
from those used in the stimulus pairs, were used as whole masks. As a
means of creating part masks, the locations of the windows and deor
were scrambled, with each part in another part’s position. This procedure
is exactly analogous to the procedure for making part masks for the
faces. Figure 8 shows typical whole house and part house masks.
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Figure 8. Examples of whole and part masks for house stimnli.

Procedure. The procedure was the same as that used in Experiment
3, with houses replacing inverted faces.

Results and Discussion

Table 5 and Figure ¢ show the mean accuracy of participants
in the conditions of interest. As in the previous experiments,
whole masks interfered more with perception of faces than part
masks (75% vs. 78.5% correct), and there was again little dif-
ference apparent in word perception (79.2% and 78.0% correct
for the corresponding conditions ). In addition, houses showed
an intermediate-sized difference between whole and part masks
(83.2% vs. 85% correct). This is consistent with the hypothesis
that face perception is more holistic than house perception and
house perception is more holistic than word perception. Figure
10 shows the mask effect for the three types of stimuli.

A planned comparison was carried out to test the prediction
that whole masks are more disruptive than part masks and that
this difference will be greatest for face perception, intermediate
for house perception, and smallest for word perception. The
corresponding weights for the whole and part upright face
masks, whole and part house masks, and whole and part word
masks, derived from the mean ratios of Experiment 2 with the

Table 5

assumption that houses would be intermediate hetween faces
and words, were —.567, .567, —.333, 333, —.100, and .100,
respectively, yielding a value of F(1, 70) = 15.82, p < .0005.

A repeated measures analysis of variance was conducted on
participants’ namber correct performance in each of the condi-
tions of interest, and the following crossed variables were used:
stimulus type (word, house, or face ), mask type (part or whole),
and response type (same or different). There was a significant
effect of stimulus type, with highest accuracy for houses
(84.1%), followed by words { 78.6% ) and faces (76.7%), F(2,
35) = 13.29, p < .0001. There was also a significant effect of
mask type, with slightly better performance with part masks
than whole masks (80.5% vs. 79.1% correct), F(1, 353) = 7.10,
p < .02. Overall, performance on different paits was more accu-
rate than performance on same pairs (81.5% vs. 78.1% correct),
F(1,35) = 532, p < .05. The interaction of interest, between
stimulus type and mask type, was significant, F(2, 70} = 6.77,
p < .005. There was also a significant interaction between stimu-
lus type and response type, with same trials less accurate than
different trials for words (70.3% vs. 86.9% correct) and same
trials more accurate for both houses (86.9% vs. 81.3% correct)
and faces (77.2% vs. 76.3% correct), F(2, 70) = 33.10, p <

Face, House, and Word Matching in Experiment 4 With Part or

Whole Masks: Same or Different Stimuli

Faces Houses Words
Mask type Same Different Same Different Same Different
Percentage correct
Part 78.5 78.6 87.4 825 70.2 85.7
Whole 75.9 74.0 86.3 80.1 704 38.1
Response time {ms)
Part 1,207.0 1,106.8 1,187.9 1,092.4 1,105.0 1,199.9
Whole 1,190.7 1,155.3 1,208.5 1,1033 1,173.4 1,245.7
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Figure 9. Percentage correct face, house, and word matching in Experi-
ment 4 with whole and part masks.

0001. No other effects were significant (ps > .1 in all cases).
As usual, separate analyses of variance were performed to assess
the simple effects of mask type on each type of stimulus. Both
face and house perception were significantly affected by mask
type, F(1,35) = 12.11, p < .002, and F(1, 35) = 4.56, p <
.05, respectively, but word perception was not (p > .1).

The data from just the house and face conditions were also
analyzed separately to allow a direct comparison between the
effects of part and whole masking on faces and on another type
of concrete object in a normal orientation. A planned compari-
son was carried out with the following weights for part and
whole masked faces and houses, respectively: .67, —.67, .33,
and —.33. This yielded F(1, 35) = 29.83, p < .0001. A repeated
measures analysis of variance was also catried out, revealing
significant effects of stimulus type, F(1, 35) = 34.76, p <
.0001, and mask type, £(1, 35) = 11.86, = p = .002. There
was a borderline significant effect of response type, F(1, 35)
= 3.29, p = .08. Finally, the interaction between stimuius type
and mask was also of borderline significance, F(2, 35) = 3.15,
p = .08. No other effects were significant (ps > .1 in all cases).

Response times were analyzed as before. Initially, a planned
comparison on the six relevant means was carried out, as with
the accuracy data from this experiment, F(2, 70) = 2.30,p >
.1. A repeated measures analysis of variance was also carried
out, with the same variables used in the analysis of accuracy
data. There was a significant effect of mask type, part masks
allowing faster responses than whole masks (1,150 vs. 1,179
ms), F(1, 353) = 5.15, p <« .05. There was also a significant
interaction between stimulus type and response type, with same
responses faster than different responses for words (1,139 vs.
1,223 ms) and the opposite for both faces (1,199 vs. 1,131 ms)
and houses (1,198 vs. 1,098 ms), F(2, 70} = 11.02, p < .0001.
No other effects were significant (ps > .1 in all cases). Separate
analyses of variance revealed no significant effects of mask type
for face and house perception (ps > .1 in both cases) and a
borderline significant effect of mask type for word perception,
F(1,35) =371, p= 06

General Discussion

The present experiments add to a growing body of evidence
in cognitive psychology suggesting that faces are represented
holistically (i.e., with little or no part decomposition) relative
to objects and patterns other than faces. Previous research has
compared face representation with the representation of scram-
bled faces, inverted faces, and houses and assessed the role of
parts versus holistic representation in both long-term and short-
term memory for faces. It has also tested the generality of holis-
tic face representation across developmental stages and showed
that an individual with a neurological impairment in terms of
face recognition did not benefit from the opportunity to repre-
sent faces holistically. Finally, previous research has also ob-
tained an inversion effect with dot patterns, but only if they
were initially encoded holistically, and shown that the face inver-
sion effect can be eliminated for face stirmuli if the faces were
initially encoded in terms of separate parts. In sum, memory
for faces has been shown to be holistic in the context of a
number of different experimental paradigms and relative to a
number of different comparison stirnnli.

In the present studies, we showed that faces are represented
more holistically than aother stirnuli in immediate perceptual
memory and during perception. Comparison stimuli included
inverted faces, words, and houses. In the remainder of this arti-
cle, we discuss the relation of our hypothesis to previous claims
about face representation and to perspectives on face representa-
tion derived from neurophysiology and computational vision.
Also, we consider the question of how uniquely *‘special’” is
face representation.

Holistic Face Representation and Earlier Claims

As we noted earlier, our hypothesis has much in common with
earlier ones about face representation, in that it gives special
importance to the overall structure or gestalt of the face relative
to local features. However, each of the hypotheses is reasonably
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Figure 10. Effect of part versus whole masking on accuracy of match-
ing faces, houses, and words in Experiment 4.
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distinct in terms of the way in which information about overall
structure is represented. In the case of our hypothesis, faces are
represented holistically, which we define as meaning without
explicitly representing (or relying to a lesser degree on explicit
representions of ) the local features themselves. In the framework
of structural descriptions, we hypothesize that there is relatively
little part decomposition for faces relative to other objects or
patterns.

An undecomposed representation is essentially a ternplate. In
measuring the fit of a stimulus to a template representation, it
is the overall best fit that is important rather than some summa-
tion of the fits of particular regions of the input pattern with
explicitly defined parts of the internal represemtation. This is
not to say that different regions of the template might not be
differentially weighted in computing fit; rather, their heavier
contribution to the fit equation is not a function of part identity
per se but spatial location within the overali pattern. Consistent
with this, Tanaka and Farah (1993) found that the eye region
was more heavily weighted than others in people’s judgments
of facial identity only when the face was upright and intact and
that eyes per se showed no special weighting in the inverted
and scrambled faces conditions.

How does this hypothesis differ from earlier claims, and how
well does it account for the data marshalled in support of earlier
claims? The contrast between the idea of holistic face represen-
tation and the parallel processing hypothesis of the 1970s resides
in the role of part-based representation: Whereas part-based
representation is relegated to a lesser or possibly even nonexis-
tent role according to the holistic face perception hypothesis,
the parallel processing hypothesis maintains that the representa-
tion of faces is as part based as the representation of other
objects but that these psychologically real parts are processed
in parailel rather than serially. As for the evidence showing serial
processing of parts, it is possible that this results from a strategy
specific to the experimental task, as Bradshaw and Wallace
{1971) themselves suggested.

The claim put forth by Rhodes {1988), that configurational
features are important in face representation, differs more subtly
from our hypothesis. Representations that inciude configura-
tional features such as distances between first order features
will behave in many ways like holistic face representations, in
that a holistic representation of a face with particular features
in a particular spatial arrangement will contain the information
coded in the configurational feature for that spatial arrangement.
However, the difference is that the features, first order and con-
figurational, are psychologically real or explicit according to
Rhodes’s hypothesis, whereas in ours they are not. One could,
of course, extract such features from a holistic representation,
and in this sense holistic representations implicitly contain both
first order and conﬁgurational features. To make an analogy with
early vision, the retinal image implicitly contains information
about edges without explicitly representing them. The finding
that shared first and second order features are predictive of
participants’ similarity ratings does not imply that participants
explicitly represent them. To continue the analogy, similarity, as
measured by overiap of retinal images, will be predicted by
similar edge maps. Therefore, the resuits of Rhodes (1988) are
net inconsistent with holistic face representation.

Sergent’s (1984) claim that the features of faces are not

processed independently is essentially a claim about the stimulus
properties of faces that are predictive of human sorting and
similarity-rating behavior, following Garner’s (1974 ) taxonomy
of stimulus properties. Her conclusion puts constraints on possi-
ble psychological representations but is not itself a specific claim
about representation. As with the Rhodes (1988) findings, the
holistic representation hypothesis accommodates these findings
naturally, because facial features are not hypothesized to be
independent umits of representation and would therefore not be
expected to combine independently.

Like the holistic representation hypothesis, the spatial fre-
quency hypothesis is an explicit claim about the representations
underlying face recognition. The two hypotheses are also similar
in that the spatial frequency spectrum of a pattern is not decom-
posed in terms of the spatially delimited parts of the pattern
{e.g.. eyes and nose) but is matched with other candidate pat-
terns holistically. However, the hypotheses differ in that the spa-
tial frequency hypothesis, as put forth by Harmon (1973) and
Ginsburg (1978), emphasizes the contributions of low spatial
frequencies to face perception, whereas the holistic representa-
tion hypothesis makes no distinction between different fre-
quency bands in face recognition. The latter hypothesis is there-
fore able to accommodate {although it does not predict) the
finding that disconfirmed the spatial frequency hypothesis, that
different ranges of spatial frequency are critical to face percep-
tion in differgnt task contexts,

The idea that face representation involves parts but that the
derivation of part-based representations is sensitive to top-down
support from whole representations, as in the word superiority
effect, is similar to the holistic representation hypothesis in
its emphasis on the whole-level representation. One point of
difference from our hypothesis is the assumption that part-level
representations are necessarily computed during face perception
and recognition. A more critical difference is that word superior-
ity and face superiority effects are limited to threshold viewing
conditions (Homa, Haver, & Schwartz, 1976; Mermelstein,
Banks, & Prinzmetal, 1979} and do not manifest themselves in
the full range of tasks in which holistic face representation has
been found.

In sum, although there is considerable similarity and overlap
between the predictions of earlier hypotheses and the holistic
face representation hypothesis, the hypotheses themselves are
distinct. The holistic face pérception hypothesis is consistent
with the findings of carlier research and, in addition, has gener-
ated a number of new predictions about memory for faces and
perception of faces that have been confirmed in experiments
reviewed and reported here.

Can the results of our experiments be accounted for by the
earlier hypotheses? Given that most of the hypotheses include
explicit, psychologically real representations of parts (parallel
processing, first order and configurational features, nonindepen-
dently processed features, and even the second order relational
hypothesis of Diamond & Carey, 1986, for which no indepen-
dent empirical support exisis), they cannot eesily account for
the findings reported here: specifically, participants' dispropor-
tionately poor ability to compare parts within whole faces in
immediate visual memory and their disproportionately good
ability to perceive a face that has been masked by face parts. The
spatial frequency hypothesis, which doss not include explicit
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representations of parts, can account for these findings. How-
ever, as noted earlier, it has suffered direct disconfirmation in
research using filtered face images.

Face Recognition by Monkeys and Machines:
Converging Evidence

A relatively new source of evidence on face representation is
single cell recordings in monkey temporal cortex (see Desi-
mone, 1991, for a review ). Some neurons im this area respond
selectively to faces, relative to other patterns, and some even
respond differentially to different faces. Moreover, this selectiv-
ity in responding is maintained over changes in size, position,
and contrast, consistent with a primary role for these cells in
face recognition. A discrepant finding concerns the effect of
lesions to the superior temporal suicus, which did not abolish
the ability of monkeys to recognize faces despite the high con-
centration of face-selective cells in this area (Heywood & Co-
wey, 1993). However, the face-selective cells in this particular
region of temporal cortex are tuned more sharply to emotional
expression than facial identity, whereas the cells in more inferior
areas of temporal cortex are tuned more sharply for identity than
expression {Hasselmo, Rolls, & Baylis, 1989). It is therefore
reasonable to suppose that the inferior temporal cortex is indeed
the locus of face recognition in monkeys. Given the high degree
of similarity between the human and monkey visual systems,
the so-called ‘‘face cells’” of monkeys may provide additional
clues to the nature of human face recognition. :

The holistic face representation hypothesis predicls that face
cells should function essentiaily as templates relative to a nor-
malized stimulus pattern. That is, scrambling the features of a
face should not just reduce a cell’s response but should abolish
it, even though there remains partial similarity between the intact
and the scrambled face at the level of features. In contrast,
deleting a feature should not have a dramatic effect on the
cell’s response, because only one region of the pattern has been
changed. Both of these predictions are borne out by recordings
from face cells (Desimone, Albright, Gross, & Bruce, [984).

Evidence concerning a role for part representations in the
face perception of monkeys has been discussed by Perrett, Mist-
lin, and Chitty (1987), who pointed cul that the temporal cortex
contains cells responsive to eyes and mouths as well as faces.
They suggested that these facial feature cells may provide the
input to face cells, so that face representations are built up from
representations of face parts. Although it is indeed tempting to
conjecture that the part cells provide input to the face cells, two
considerations weigh in favor of caution before accepting this
interpretation of the part cells. First, Desimone (1991) has
pointed out that the selectivity of the part cells for face parts
per se has been less well established than the selectivity of face
cells for faces. That is, the possibility remains that these cells
may represent more elementary visual altributes such as dark
spots surrounded by bits of white rather than eyes. Second, only
eye and mouth cells have been reported, and these parts of
the face convey expressions that are important social cues for
primates. In the absence of nose cells, chin cells, and so forth,
it seems more likely that the eye and mouth cells form part of
a system for nonverbal communication rather than facial identity
recognition. The hypothesis that the part cells are the input to

the face cells could be tested by analysis of response latencies.
Although the finding that the earliest part responses occurred
earlier than the earliest face responses would be ambiguous,
the reverse finding would decisively rule out the hierarchical
hypothesis.

Several computer systems have been developed for face rec-
ognition, and the types of representations they use may provide
insights into the computational pressures toward different ways
of representing faces. Although early systems used representa-
tions in which facial features were explicitly represented for
recognition (e.g., Goldstein, Harmon, & Lesk, 1972; Kanade,
1977), Yuille (1991) pointed out that such representations are
extremely difficult to extract from a gray scale image of a face.
His ‘‘deformable template’” approach uses facial features only
as anchor points at which the image and stored template are
brought into register; the overall fit is what determines
recognition.

Tark and Pentland (1991) sought an efficient representation
for faces on which to base an automatic face recognition system.
Using principal-components analysis of gray scale images of
faces, they found that a population code of whole faces, rather
than facial features, best captured the differences among faces
in a concise format. In their system of ‘‘eigenfaces,” a given
Tace is represented by weights denoting the overall similarity
of the face to an ensemble of other whole faces. A related way
of identifying efficient codes for representing patterns is by
forcing an artificial neural network to represent patterns using
limited numbers of neuronlike units and analyzing what the
individual units come to represent. Such networks have been
trained to classity gray scale images of faces by identity and
expression {Fleming & Cottrell, 1990) as well as by sex (Go-
lomb, Lawrence, & Sejnowski, 1991). In all of these cases, the
units in the networks’ hidden layer, which represent the face in
a compressed form, generally correspond to whole faces rather
than facial features.

In sum, recent work in computational vision has favored
holistic representations of faces. It would be of great interest to
compare the performance of a given system with faces and with
some large and relatively homogeneous-appearing set of nonface
objects. Would *‘eigenchair’’ representations be more efficient
than representations based on a set of ‘‘eigenseats,’ ‘“‘eigen-
legs,” and so on? Such a comparison could potentially illumi-
nate the computational basis for holistic face representations.

Holistic Representation: Unique to Faces?

We began this article with the assertion that face recognition
is *‘special’’ and went on to pose the question of how it is
special, in terms of the shape representations used in recogni-
tion. There are two possible interpketations of the word special
in this context. Faces could be special in degree or special in
kind. In closing, we attempt to address the question of whether
face recognition is the extreme end of a continuum of part-
based to more holistic representation or whether holistic repre-
sentation is confined, categorically, to faces. The evidence cur-
rently at hand does not aliow a decisive answer to this question.
Nevertheless, some clues are available.

The comparison among faces, houses, and words in Experi-
ment 4 suggests that houses are intermediate between faces
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and words in their susceptibility 1o part masks. This finding is
consistent with the idea of a continuum of representation, with
faces the most holistic, words the most part based, and objects
such as houses intermediate. We predicted this pattern of results
on the basis of previously observed patterns of association and
dissociation among visnal recognition impairments after brain
damage. Whereas face, object, and word recognition are all
pairwise doubly dissociable after brain damage (ie., for any
two of these abilities, patients exist for whom one is impaired
and the other preserved), it is unclear whether all three-way
cembinations of ability and deficit can occur. in a 1991 review
of 99 published cases, Farah found no unambiguous cases of
intact object recognition with impaired face and word recogni-
tion or of impaired object recognition with intact face and word
recognition (see Rumiati, Humphreys, Riddoch, & Bateman,
1994, and Farah, 1997, for an updated discussion}. What type
of underlying organization would impose these constraints
on patterns of co-occurrence among visual recognition
impairments?

The simplest solution involves two underlying representa-
tional abilities, one that is essential for face recegnition, useful
for object recognition, and not used for word recognition and
another that is essential for word recognition, useful for object
recognition, and not used for face recognition. The work of
Johnston and McClelland ( 1980 ) with normal participants, dis-
cussed earlier, suggests that word recognition requires the con-
struction of a part-based {specifically, letter-based) representa-
tion. Work with an alexic patient suggests that a problem under-
lying selective impairments in visual word recognition is an
impairment in representing multiple parts, be they letters in a
word or complex nonorthographic stimuli (Farah & Wallace,
1991}, Taking these findings together with the evidence of holis-
tic face representation, a plausible inference is that the two
representational abilities uncovered in the analysis of co-occur-
rence correspond to holistic and part-based representation. More
specifically, the ability to represent complex wholes with little
or no part decomposition may be the ability required for face
recognition, useful for object recognition, and not needed for
word recognition, and the ability to represent a number of dis-
tinct parts may be the ability required for word recognition,
useful for object recognition, and not needed for face recogni-
tion. This interpretation of the data suggests that faces are spe-
cial in degree, not in kind. Specifically, it suggests that they
constitute an extreme case of stimuli that rely on holistic shape
representation but are not necessarily discontmmucus from other
types of objects in their reliance on holistic representation.
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Appendix

Examples of Whole and Part Masks for Word Stimuli

Whole masks

Part masks

brag
rank
baby
king
bark
gang
ring

wing
wink

arbg
nkar
abyb
nikg
abkr
ngag
gori

nigw
wkni
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