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S. Brennan (1985, Leonardo, 18, 170-178) has developed a computer-imple-
mented caricature generator based on a holistic theory of caricature. A face is
represented by 37 lines, based on a fixed set of 169 points, Caricatures are pro-
duced by exaggerating all metric differences between a face and a norm. Anticar-
icatures can be created by reducing all the differences between a face and a norm.
Caricatures of familiar faces were identified more quickly than veridical line
drawings, which were identified more quickly than anticaricatures. There was no
difference in identification accuracy for the three types of representation. The
best likeness was considered to be a caricature. We discuss the implications of
these results for how faces are mentally represented. The results are consistent
with a holistic theory of encoding in which distinctive aspects of a face are repre-
sented by comparison with a norm. We suggest that this theory may be appro-
priate for classes of visual stimuli, other than faces, whose members share a con-
figuration definable by a fixed set of points. € 1987 Academic Press, Inc.

When a face is represented in memory, its distinctive aspects are likely
to be encoded. This idea is referred to as the distinctiveness hypothesis.
Its distinctive aspects noted, a face can be differentiated from other
faces, and can be identified or recognized when seen again.! There is
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spondence, including reprint requests, should be addressed to Gillian Rhodes, Department
of Psychology, Canterbury University, Private Bag, Christchurch, New Zealand. Inquiries
about the caricature generator should be addressed to Susan Brennan, Department of Psy-
chology, Stanford University, Stanford, CA 94305.

I A face could in principle be encoded in terms of its typical rather than its distinctive
aspects. This is possible because individual faces differ in which aspects are typical.
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evidence that subjects use distinctive information when encoding unfa-
miliar faces. Winograd (1981) has shown that the presence of a distinctive
feature, and instructions drawing attention to that feature, facilitate
memory for photographs of faces. Similarly, atypical or distinctive faces
are remembered better than typical faces (Bartlett, Hurry, & Thorley,
1984; Cohen & Carr, 1975; Going & Read, 1974; Light, Kayra-Stuart, &
Hollander, 1979).2 No doubt this recognition advantage for atypical faces
occurs because such faces are less confusable with other faces than are
typical faces. This interpretation is supported by the results of category
formation studies, which show that typical category members, never pre-
viously seen, are often falsely reported as having been seen before
(Franks & Bransford, 1971; Solso & McCarthy, 1981).

The recognition advantage for distinctive faces provides some evi-
dence for the distinctiveness hypothesis. However, in these studies dis-
tinctiveness is varied across faces, thereby leaving open the possibility
that some other aspects of faces (e.g., attractiveness) might covary with
distinctiveness and mediate recognition performance. A better test of the
distinctiveness hypothesis would be to vary distinctiveness within faces,
which could be done using caricatures.

Caricatures are representations of faces in which distinctive aspects
are exaggerated. The caricaturist Low described caricatures as an art of
‘“‘calculated emphasis,”” an ‘‘evolutionary process of simplification, a
kind of survival-of-the-most-significant.”’ The caricaturist wants to know
“in what particulars a man is like himself and no-one else” (cited by
Gibson, 1969, p. 102). According to the distinctiveness hypothesis, cari-
catures should be good representations of faces, and should be better
than representations in which the distinctive aspects are minimized.

A number of authors have taken the distinctiveness hypothesis a step
further, and suggested that memory representations might be schema-
tized so as to emphasize the distinctive properties of what is being repre-
sented (Bartlett, 1932; Brennan, 1982; Tversky & Baratz, 1985). The idea
that distinctive properties are exaggerated in memory, which we will refer
to as the caricature hypothesis, seems especially attractive in the case of
faces, because caricatures are such effective facial representations. Sev-

2 The idea that distinctive aspects of faces are encoded does not imply that faces are
represented in terms of discrete features, as has been assumed by some authors (e.g., Win-
ograd, 1981). Both continuous dimensions and discrete features can take on distinctive
values. A continuously varying dimension such as the ratio of eye separation to face height
is distinctive to the extent that it takes on an extreme value in the population distribution of
values for that dimension. A feature that can take on one of a given set of discrete values
(including presence or absence), is distinctive to the extent that it takes on a value that
occurs with low frequency in the population.
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eral authors have tried to test the prediction, which follows directly from
the caricature hypothesis, that caricatures are better representations of
individuals than are more veridical representations (Hagen & Perkins,
1983; Tversky & Baratz, 1985).

Both Tversky and Baratz (1985), and Hagen and Perkins (1983) com-
pared old/new recognition performance for caricatures and photographs
and failed to find any recognition advantage for caricatures. Tversky and
Baratz (1985) also failed to find a caricature advantage in a face/name
matching task. However, these results may simply mean that photo-
graphs contain so much more spatial information than hand-drawn cari-
catures that they are more recognizable despite being less distinctive. A
better test would be to vary distinctiveness within a single representa-
tional medium.

Another problem with one of these studies (Hagen & Perkins, 1983) is
the assumption that 3—5 s viewing time for completely unfamiliar faces is
sufficient to allow the kind of encoding that would produce a schematized
or caricatured memory representation. A more realistic approach would
be to use well-known faces, as done by Tversky and Baratz (19853).

Brennan (1982, 1985) has developed a computer-implemented carica-
ture generator that allows the distinctive aspects of line-drawing repre-
sentations of individual faces to be varied continuously. In the present
studies we use the caricature generator to test the distinctiveness and
caricature hypotheses, while avoiding the problems of comparability of

-medium and the use of unfamiliar faces. The caricature generator pro-
duces a caricature in three steps. First, a line-drawing representation is
created based on a digitized photograph of a person. The lines were
chosen with the goal of representing a recognizabie face with as few lines
as possible. The line-drawing representation is essentially a ‘‘traced”
version of the digitized image, in which high spatial frequency informa-
tion (i.e., rapid changes in lightness) is preserved. Second, the line
drawing is compared with a norm (average) face by scaling the two faces
and aligning the pupils. The metric differences between corresponding
points in each face are represented by vectors. Third, all metric differ-
ences between the target and norm faces are exaggerated by an amount
specified by the user, to produce a caricature. Thus distinctive aspects of
a face are made more distinctive, whereas those aspects that are close to
the norm (average face) are changed by only a small amount.

Anticaricatures can also be created, in which distinctive aspects are
de-emphasized, thereby bringing the faces closer to the average or norm
face.

The caricature generator has a number of advantages as a research
tool. It allows continuous parametric variation of the metric properties in
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faces, a facility that far exceeds the control possible in other currently
available methods of facial stimulus construction. The implementation
includes a facility for averaging line-drawing representations of faces.
The technique sidesteps the problem of knowing explicitly in what ways
faces can be distinctive, and it has great flexibility in that the same varia-
tions are not forced onto all faces-—whatever is distinctive about a face is
varied.

Two experiments were carried out to test the distinctiveness and cari-
cature hypotheses. In Experiment 1 we compared identification perfor-
mance and likeness judgments for caricatures, anticaricatures, and veri-
dical line drawings of familiar faces produced by the caricature generator.
For a given degree of exaggeration, the caricature and the anticaricature
differ equally in metric terms from the veridical face, but the caricature is
less like other faces (i.e., it is more individuated) than the anticaricature,
which in turn is more like the average face, and therefore more like other
faces. If distinctive properties of a face are especially likely to be en-
coded and used in identification or recognition (the distinctiveness hy-
pothesis), then the caricatures should be more easily identified and be
considered better likenesses than the anticaricatures. The more inter-
esting comparison, however, is between the caricatures and the veridical
line drawings. Is there some level of exaggeration that is actually more
easily identified or judged to be a better likeness of a person than the
veridical drawing? If so, then this would be consistent with the caricature
hypothesis, which states that distinctive aspects of faces are exaggerated
in memory.

Previous studies (Hagen & Perkins, 1983; Tversky & Baratz, 1985)
have used old/new recognition tasks (although Tversky & Baratz also
included a name/face matching task). We used an identification task,
which requires that semantic information about the face (in particular its
name) is accessed in addition to a simple familiarity decision. Identifica-
tion therefore requires additional processing to a familiarity judgment
(required in an old/new recognition task). An identification task was used
because it is more like what we normally do when we see a face than is an
old/new recognition task. We would not, however, make different predic-
tions for the two types of recognition task.

Typicality ratings were obtained for a large set of faces. These data
were used to get norm faces for the caricature generator. The three most
typical female and the three most typical male faces were averaged to
produce female and male norm faces, respectively.

Experiment 2 was designed to rule out explanations based on biases
that do not depend on familiarity with the faces used and to check that
the veridical drawings were in fact veridical.
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EXPERIMENT 1
Method

Subjects

Twenty graduate students from the Stanford University Psychology Department, who
were familiar with the faces, participated in the identification and likeness rating tasks.
Forty Stanford undergraduates, who were unfamiliar with the faces used, made the typi-
cality judgments.

Stimuli

Typicality ratings. The stimuli were 65 3.5 x 5 in. black and white full-face photographs
of faces. There were 37 male and 28 female faces. All posers displayed a neutral expression
and all were Caucasians (except for one Chicano) between 17 and 32 years of age. The
posers were volunteers from the Stanford Psychology and Computer Science Departments,
and from a Stanford University undergraduate dorm.

Caricature identification and likeness judgments. The stimuli were veridical line
drawings, caricatures and anticaricatures, produced by the caricature generator, based on
photographs of members of the Stanford University Psychology Department (a subset of the
photographs used in the typicality judgments task). There were 8 male and 10 female faces
making a total of 18. All posers were between 22 and 32 years of age. The men were clean-
shaven.

The photographs were digitized, and line drawings were produced from these interac-
tively with a Macintosh computer, by an experienced user of the system (SB). Each drawing
consisted of 37 lines defined by 169 points (see Fig. 1). The points were found by eye,
although this process could in principle be carried out automatically using top-down point-
finding algorithms of the sort developed by Kelly (1970) and Kanade (1973).3 The points on
each line are either points of inflexion, when present, or else are evenly spaced along the
trajectory of the line, and are found in a fixed top-to-bottom, left-to-right order. Some points
of inflexion correspond to precise locations on the face (edge of eye, tip of nose, etc.). The
points in each line were joined automatically by an interpolating spline (smooth) curve.

Each face in the database was congruently represented in that it contained its own version
of every line of the canonical face. If a particular line was partially occluded in the digitized
photograph, which was sometimes the case with ears or hair, an estimate of its potential
location was made. If a line did not exist at all, a location for it was estimated and it was
stored as a virtual (or invisible) line. This strategy enabled us to compare faces that did not
have all the same lines visible.

To produce each caricature the line drawing was compared with a norm face of the same
sex, and all differences between the two were exaggerated by a specified percentage or
proportion. Different norms were used for male and female faces, structurally different
subsets of faces, which we assumed would have different norms. Two different norm faces
were used for each sex. One was the average of (the veridical line drawings of) the three
most typical faces (av3), as determined by subjects’ ratings. The other was the average of all

* A selection process was necessary to define the canonical face and to fit this representa-
tion to the veridical faces. We would, of course, prefer to automate this process. While we
are able to filter photographs to get rough line drawings (which share many of the lines that
we represent schematically), there is still the need to map individual points onto these lines.
We have been unable to automate the entire point-finding process, even using goal-directed
picture processing techniques.
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F1G. 1. The points and lines used to depict a face. The face is represented by 169 points
(darker dots), joined automatically to form 37 lines. Any of the lines can be made invisible.
Invisible lines are stored as virtual lines in the representation, and are used (but not dis-
played) if the face is compared with one that has these lines visible.

the faces of the same sex used in this experiment (avpsych).* It should be noted that the
computational average of any heterogeneous set of faces should produce a reasonably good
‘“average”’ face. The four norm faces used are shown in Fig. 2.

The norm face and the stimulus face were scaled and translated so that their pupils were
aligned. The caricature generator compares the corresponding points in each face and repre-
sents the distance and direction between them as a vector. Caricatures are created by
adding a proportion of the difference between the two vectors to the points for the line
drawing of the stimulus face. An example of the caricatures produced for a famous face
(John F. Kennedy) is given in Figure 3. Anticaricatures are produced by reducing these
distances by the same amount, i.e., by interpolating between the veridical drawing and the
norm face. The drawings were exaggerated and de-exaggerated by the following propor-
tions: .25, .50, and .75. The images were scaled by multiplying the width by 1.06 before
printing, in order to correct for the constant horizontal distortion introduced by the printer.

These six images, together with the veridical line drawing, constituted the pictures of
each person used as stimuli. An example of such a set is shown in Fig. 4. A photograph of
the person depicted is shown in Fig. 5. It should be noted that for each degree of exaggera-
tion, the caricature and anticaricature differ equally in their metric properties from the veri-
dical line drawing. For each face there were two groups of seven pictures, one group for
each norm face used. These groups were randomly assigned to two stimulus sets, A and B,

4 In our model, a norm provides a comparative basis for the mental encoding of faces. Itis
possible that the basis of comparison could be composed of a metric average of all the faces
ever seen, or of a single typical face, or of an average of typical faces, or even some cultural
norm (such as a classical ideal of beauty). The two norms we used differ in the following
way: av3 is the average of the three (same sex) faces judged most typical, and avpsych is the
average of all the (same sex) faces in the stimulus set. We used both sorts of norm in order
to explore the possibility that one sort would more closely resemble our internal norms than
the other.
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F1G. 2. The female (top) and male (bottom) norm faces used. The two norms on the left
were created by averaging the three most typical faces of the appropriate sex (av3 norms).
The two norms on the right were created by averaging all the psychology faces of the
appropriate sex (10 female and 8 male faces).

so that all faces appeared in each set, but half the drawings in each set were based on av3
norms and half on the avpsych norms.

Procedure

Typicality ratings. Subjects who were unfamiliar with the faces were asked to rate the
typicality of each face on a 7-point rating scale. Examples were given of what was meant by
typicality, e.g., a robin is a typical bird, whereas a penguin is an atypical or unusual bird.
Subjects were instructed to judge typicality in relation to all (Caucasian) faces (of the same
sex), not just in relation to the ones shown. They were told that for each face they should
think about whether it looked like most other faces, or whether it was unusual or atypical.

<> = N o

F1G6. 3. An example of caricatures produced by the caricature generator: John F. Ken-
nedy: (a) = 0 exaggeration, (b) = .50 (50%) exaggeration, (c) = 1.00 (100%) exaggeration.
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F1G. 4. An example of the stimulus set for a face.

They were also told to base their judgments on permanent aspects of the faces, and not on
things like hairstyle that could be easily changed.

Male and female faces were presented in separate sets. Half the subjects rated female
faces first and half rated male faces first. The faces in each set were presented in one
random order to half the subjects and in the reverse order to the other haif of the subjects.
This was counterbalanced with the order in which the male and female faces were rated.

After the faces in each set were rated, subjects selected the three most typical and the
three least typical faces in the set, which they then ranked for typicality. They were also
asked to indicate whether they had seen any of the faces before. Subjects who knew more
than seven of the faces were replaced, because it seemed likely that familiar faces would be
judged differently than would unfamiliar faces. For example, personality and other informa-
tion about the person might affect the typicality judgments for familiar faces.

After both sets had been rated, subjects were asked to rate the difficulty of making the
typicality judgments on a 7-point scale (1 indicated no difficulty and 7 indicated extreme
difficulty).

Identification. Subjects who knew the people depicted were told that they would be
shown some pictures of people in the psychology department (mostly of graduate students.
with some of staff and faculty), and that they should try to identify them. For a given face,
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FIG. 5. A photograph of the person depicted in Fig. 4.

one-third of the subjects saw the veridical line drawing (0 exaggeration), one-third saw the
.50 caricature, and the remaining third saw the —.50 anticaricature. Each subject saw six
faces at each level of exaggeration. Thus degree of exaggeration was both a within-subject
and a within-face factor. This factor was crossed with the type of norm used (av3 or
avpsych).

Each picture was placed beneath a sheet of cardboard. At a signal from the experimenter,
the subject lifted the cardboard to view the picture. More than one attempt at identification
was allowed, but there was a maximum viewing time of 60 s. The dependent variables were
accuracy and identification time, which was measured using a stop watch.’

Likeness judgments. The likeness judgments were made after the recognition test. The
seven drawings of each face were placed in random order in a row in front of the subject.
Subjects were instructed to arrange the pictures in order of how good a likeness of the
person each was. ““Goodness of likeness’ was explained as meaning recognizability. Sub-
jects also rated how good a likeness each picture was on a 7-point scale, where 1 was poor
and 7 was great. Half the subjects saw set A faces and half saw set B faces. The order in
which each set of faces was seen was reversed for half the subjects.

Subjects also rated how familiar they were with each face on a 7-point scale, so that
unknown faces could be excluded from the analysis. It also seemed likely that a caricature
advantage would be stronger for highly familiar than for less familiar faces in the likeness
judgments (there were too few faces at each familiarity level to include familiarity as a factor
in the identification analyses). After the likeness judgments had been made for the
drawings, subjects made likeness judgments for the photographs on which the drawings
were based. They were instructed to rate how good a likeness of the person each photo-
graph was, as far as photographs go. These judgments were obtained so that the efficacy of
the computer-generated images could be assessed in relation to the quality of the initial
photographs. At the end of the session the subjects were asked whether they knew how the
pictures had been produced, and what the hypothesis of the study was.

5 This measurement technique is not sensitive to small time differences and probably does
not accurately measure times less than 1 s. This level of accuracy was, however, appro-
priate for the identification latencies in the present experiment.
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Results and Discussion
Typicality Ratings

Four subjects were replaced because they recognized more than seven
of the faces. Kendall’s coefficient of concordance, W, which assesses the
degree of consistency among a set of judges, was used to assess intersub-
ject reliability.® There was significant intersubject agreement on typicality
ratings. For male faces, W = .26, x*(36) = 376.99, p < .001. For female
faces, W = .35, x3(27) = 378.49, p < .001. Selection of the three most
typical and the three least typical male and female faces was consistent
with the rating data.

Typicality ratings for 36 of the 37 male faces in this study were also
obtained (from different subjects) in Experiment 2. Therefore a measure
of intersubject reliability, the correlation coefficient for the two sets of
ratings, could be examined. This correlation was moderate and signifi-
cant, r(33) = .54, p < .01, indicating that the typicality ratings could be
made reliably. Subjects’ ratings indicated that the task was difficult, M =
4.7, SD = 1.3.

Identification

Accuracy. A two-way repeated measures analysis of variance was car-
ried out on the mean proportion of correctly identified, known faces, with
norm (av3, avpsych) and exaggeration level (—.50, 0, .50) as within-sub-
ject factors. The data were first scaled using the transformation, y =
X961 to remove a linear relationship between log(M) and log(SD).” In this
and all subsequent analyses missing data were replaced by the mean for
the appropriate cell of the design. There was no main effect of norm,
F(1,19) < 1, or exaggeration, F(2,38) = 2.06, ns., nor any interaction
between norm and exaggeration level, F(2,38) = 2.15, ns. Because the
mean in each cell of the design was based on only three faces, and be-
cause there was no effect of norm, or any interaction of this factor, the
data were collapsed across the two norm conditions, and scaled using the
transformation y = x~43, to remove a linear relationship between log(M)
and log(SD). These data were analyzed using a one-way repeated mea-
sures analysis of variance. The mean proportion (untransformed) of faces
correctly identified was .38 for the veridical drawings, .33 for the .50 cari-

6 Kendall's coefficient of concordance, W, tests the null hypothesis that there is no
agreement among subjects in the rank order of the rated items. W is distributed as x2 with NV
— 1 degrees of freedom, where N is the number of items to be judged. W, which ranges
from 0 to 1, is closely related to the average Spearman rank correlation among the judges’
ranks (Hays, 1981).

7If log(SD) = a + b log (M), then Dixon (1985) recommends the transformation y =
x(-8, This formula was used whenever transformations were required.
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catures, and .27 for the — .50 anticaricatures. However, there was no
effect of exaggeration level on the proportion of faces recognized, F(2,38)
< 1. Therefore, the hypotheses that the caricatures would be at least as
identifiable as the veridical drawings, and that both would be more iden-
tifiable than the anticaricatures, was not supported by the accuracy data.

Subjects found many of the drawings difficult to recognize. This was
not due to lack of familiarity with the faces used (see later). Rather, the
drawings themselves, even the veridical ones which were essentially
tracings of the photographs, were not easily identified. This may have
been due to the schematic nature of the drawings. Information about hair
color and texture, both of which are normally important cues to identity,
was absent. Nor did the drawings contain shading, an important depth
cue, although facial lines provided some depth information. One subject
did extremely well on the recognition test, identifying 100% of the carica-
tures, 83% of the veridical drawings, and 50% of the anticaricatures. This
subject was an amateur artist who draws faces frequently. He may there-
fore have been particularly familiar with how lines can be used to depict
faces, and so have had less difficulty interpreting the drawings than the
other subjects. Alternatively, he may have had especially good visual
memory for faces.

Reaction times. A two-way repeated measures analysis of variance
was carried out on the median reaction times (seconds) for correctly
identified faces. Norm (av3, avpsych) and exaggeration level (—.50, 0,
.50) were within-subject factors. The data were first scaled using the
transformation y = x%17 to remove a linear relationship between log(M)
and log(SD). There was a significant main effect of exaggeration level,
F(2,38) = 28.87, p < .0001. There was no effect of norm, F(1,19) < 1, nor
any interaction between norm and exaggeration level, F(2,38) < 1. The
means of the median reaction times (untransformed) for each exaggera-
tion level are shown in Table 1. The .50 caricatures were identified most

TABLE 1
Mean Median Reaction Times (Seconds) to ldentify Drawings at Different Levels
of Exaggeration

Exaggeration
-.50 .00 +.50
Norm Mean SE Mean SE Mean SE
Av3 8.9 1.2 6.3 1.8 3.2 0.7
Avpsych 12.5 2.5 6.0 1.5 3.4 0.7
Pooled across norms 12.3 2.3 6.4 1.3 3.2 0.4

Note. SE = standard error. The nonlinear relationship between the individual and pooled
norms occurs because these data are the means of median reaction times.
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quickly, followed by the veridical drawings, and the —.50 anticarica-
tures, which were identified very slowly.

Planned comparisons were carried out to test the hypotheses that the
caricatures would be identified more quickly than the veridical drawings,
and that both would be identified more quickly than the anticaricatures.
These tests were carried out on the pooled data from the two norm con-
ditions, which gave mean reaction times of 3.2 s (§D = 1.75s), 6.4 s (SD
= 6.0 s), and 12.3 (SD = 10.4 s), for the caricatures, veridical drawings,
and anticaricatures, respectively. The data were first scaled using the
transformation y = x~-36 to remove a linear relationship between log(M)
and log(SD). Caricatures were recognized more quickly than veridical
line drawings, #(19) = 2.18, p < .025, one tailed, and veridical drawings
were recognized more quickly than anticaricatures, #(19) = 3.48, p <
.0035, one tailed.

In summary, although caricatures were not identified more accurately
than veridical drawings, they were identified more quickly. Veridical
drawings in turn were identified more quickly, but not more accurately
than anticaricatures. These results support the caricature and distinctive-
ness hypotheses, respectively. The large difference in reaction times be-
tween the caricatures (M = 3.2 s) and the anticaricatures (M = 12.3 s)
suggests that different identification strategies were used. Long reaction
times for the anticaricatures may indicate that a serial search in memory
of all possible faces in the set was used, whereas the shorter reaction
times for the caricatures may indicate that these drawings were identified
spontaneously. However, there was no difference in the number of iden-
tification attempts for the three types of drawing (M = 1.2, anticarica-
tures; M = 1.1, veridical drawings; M = 1.2, caricatures), F(2,38) < 1.
[The data were first scaled using the transformation y = x~! to remove a
linear relationship between log(M) and log(SD)]. The relatively long reac-
tion times for the veridical drawings (M = 6.4 s) confirm the identifica-
tion difficulty indicated by the accuracy data. There was no evidence that
the type of norm affected identifiability of the caricatures.

Likeness Judgments

Best drawing. The mean exaggeration level of the drawing chosen as
the best likeness was +.16 for the av3-norm-based faces, and + .15 for
the avpsych-norm-based faces. Both values were significantly greater
than zero, #(19) = 6.48, p <€ .001 (av3) and #(19) = 4.23, p < .001 (avp-
sych). Thus, the best likeness was not a veridical drawing, but rather was
a drawing in which the distinctive aspects had been exaggerated by ap-
proximately 16%. It should be noted, however, that this is an interpolated
value, and that such a drawing was never shown to the subjects.

In this and all subsequent analyses faces rated as 1 on the familiarity
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scale (i.e., never seen) were excluded. By this criterion 0.9 faces per
subject were excluded (SD = 1.5). Faces for which all drawings were
rated 1 (very poor) on the goodness of likeness scale were also excluded.
This led to the exclusion of 0.7 faces per subject (§D = 1.3).

Ratings. A three-way repeated measures analysis of variance was car-
ried out on the mean ratings assigned to the drawings. An identical anal-
ysis on mean ranks gave the same pattern of results and these are not
reported here. Familiarity (low or high), norm (av3 or avpsych), and de-
gree of exaggeration (—.75, —.50, —.25, 0, .25, .50, .75) were within-
subject factors. There was no significant main effect of familiarity, nor
were there any significant interactions involving this factor. Therefore,
mean ratings were recalculated from the raw data collapsing across famil-
iarity levels, and a two-way repeated measures analysis of variance was
carried out with norm and exaggeration as within-subject factors. There
was a significant main effect of exaggeration, F(6,114) = 80.20, p <
.0001, and a significant interaction of norm and exaggeration, F(6,114) =
3.98, p < .001. There was no main effect of norm, F(1,19) < 1. Figure 6
shows the mean ratings for each exaggeration level for each norm sepa-
rately. Examination of Fig. 6 shows that the interaction resulted from
higher ratings for the av3 than the avpsych norm faces at the 0 and .25
levels of exaggeration, and vice versa for all other exaggeration levels.
This has little substantive significance, especially in view of the fact that
the 0 exaggeration (veridical) drawings are identical in the av3 and
avpsych norm conditions.

From Fig. 6 it can be seen that the 0 and .25 exaggeration levels ob-
tained the highest ratings. Thus the veridical and .25 caricatures were
considered the best likenesses, although both received ratings that were
only moderately good. A planned comparison was carried out to compare
the performance of the best caricature (.25) with the equivalent anticari-
cature (—.25) and the veridical line drawing. It was hypothesized that the
caricature would be rated as high or higher than the veridical line
drawing, and be rated higher than the anticaricature. The contrasts 0, 0,
=2, +1, +1, 0, 0 (applied to the —.75, —.50, —.25, 0, .25, .50, and .75
drawings, respectively) were used to test the hypothesis that the .25 cari-
cature and the veridical line drawing were considered better likenesses
than the — .25 anticaricature.® These comparisons were carried out sepa-
rately for the av3 and avpsych norm faces, because of the interaction
between norm and exaggeration level. The .25 caricature and the veri-

8 The contrasts were used to obtain a single number for each subject, according to the
formula X = X ¢;x;, where c; are the contrasts, and x; are the mean reaction times for each
exaggeration fevel. A repeated measures ¢ test was then carried out on these numbers.
Other comparisons using contrasts, discussed below, were carried out in the same manner.
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FIG. 6. Likeness judgments: Mean rating versus exaggeration level for each type of norm
face.

dical line drawing were rated significantly higher than the —.25 anticari-
cature, both when the av3 norm was used, #(19) = 7.60, p < .001, and
when the avpsych norm was used, #{(19) = 5.98, p < .001. After the .25
caricature and the veridical drawing, the next most highly rated drawings
were the .50 caricatures. For the avpsych faces there was no significant
difference between the ratings for the .50 caricatures and the veridical
line drawings, 1(19) = 1.91, ns. However, for the av3 norm condition the
.50 caricatures were rated significantly lower than the veridical line
drawings (and hence the .25 caricatures, which were rated slightly higher
than veridical drawings), #(19) = 5.03, p < .001. In the avpsych, but not
the av3 norm conditions, the .50 caricatures were rated higher than the
—.25 anticaricatures, #(19) = 2.63, p < .02. In sum, for one of the norms
used the .50 (as well as the .25) caricatures were considered as good
likenesses as the veridical line drawings. These results provide no evi-
dence for a clear superiority of one type of norm over the other.

Only a third of the faces were actually identified, and this was indepen-
dent of the caricature level at which they were shown. If one considers
likeness ratings for only those faces that were correctly identified, then
.50 caricatures were rated as good likenesses as veridical drawings. Mean
likeness ratings were 5.1 (SD = 1.3), 5.2(SD = 1.1), and 2.1 (§D = 1.2)
for the caricatures, veridical drawings, and anticaricatures, respectively.

It is interesting to note that the ratings given to the veridical drawings
and the .25 caricatures are higher than might be expected given the initial
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identification difficulties. This result partly reflects the fact that faces for
which all the representations were rated 1 (poor) were excluded from this
analysis. More significantly, once subjects were told who a drawing rep-
resented, they almost always saw the resemblance. This knowledge, and
perhaps also the greater familiarity with the medium by this stage in the
study, may account for the moderately good likeness ratings.

It seemed possible that the initial distinctiveness of a face might influ-
ence the effect of caricaturing it. However, there was only a limited range
of distinctiveness in these faces. The mean typicality rating on a 7-point
scale for the five most distinctive faces was 3.3 (SD = 0.4), and for the
five least distinctive faces was 4.8 (SD = 0.3). We found no difference in
the effect of caricature level for these two sets of faces.

The mean goodness of likeness rating for the photographs was 5.1 (SD
= 0.6), indicating that the photographs were quite good likenesses of the
people. However, some subjects commented that the posers (all of whom
had neutral expressions) did not display characteristic expressions. More
identifiable drawings would be expected to result if the original photo-
graphs displayed characteristic expressions.

Ten of the 20 subjects knew or guessed that the stimuli were varied
with respect to distinctiveness. However, only two subjects knew or
guessed the hypotheses of the experiment, so the subjects may be re-
garded as substantially naive. Exclusion of the data from these two sub-
jects did not affect any of the major results.

To summarize, both the distinctiveness and the caricature hypotheses
were supported by the identification response time results. Caricatures
(.50) were identified more quickly than veridical drawings, which were in
turn identified more quickly than anticaricatures (—.50). Moreover, the
mean exaggeration level of the drawing chosen as the best likeness was
.16, which was a significant exaggeration relative to the veridical
drawing. Although the best likeness was significantly exaggerated rela-
tive to the veridical drawing, this optimal level of exaggeration (.16) was
not in fact included in the set of drawings shown to subjects. The closest
drawings presented were the .25 caricatures and the veridical drawings.
The veridical drawings and the .25 caricatures (and the .50 caricatures
based on the avpsych norms) were considered to be the best, and equally
good, likenesses of the faces of familiar people. These were followed by
the .50 caricatures (based on av3 norms) and the — .25 anticaricatures.

In likeness judgments veridicality or realism constraints may be oper-
ating in opposition to the recognizability criterion. Caricatured drawings
look less like real faces than do veridical drawings and anticaricatures.
This is because the exaggeration used to produce the caricatures is un-
constrained, so that the relationship between lines may be reversed (parts
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of the bottom lip may rise above the top lip, an eye may rise above an
eyebrow, etc.). Even when lines do not cross each other in impossible
ways, parts of the face may be exaggerated beyond normal limits, partic-
ularly the lines affecting hairstyle. Nevertheless, for all exaggeration
levels, the caricatures were considered better likenesses than the corre-
sponding anticaricatures. The likeness results clearly support the distinc-
tiveness hypothesis and offer some support for the caricature hypothesis.

EXPERIMENT 2

It could be argued that the composition of the stimulus sets in Experi-
ment 1 (a progression of exaggeration levels from —.75 to +.75) biased
judgments against the anticaricatures. Anticaricatures, which are similar
to the norm face, look similar for the different faces, and this may be
expected to bias choices against them. However, there are also factors
that might be expected to bias choices against the caricatures. For ex-
ample, as noted above, the caricatures may look less like real faces than
the anticaricatures.

Experiment 2 was designed to determine whether biases, such as those
described above, were operating in Experiment 1. These biases should be
independent of familiarity with the faces. Therefore subjects who were
unfamiliar with the faces used in Experiment 1 were asked to make like-
ness judgments in the presence of photographs of the people.

An immediate memory condition was also included to obtain prelimi-
nary data about whether a caricature advantage would occur for a newly
encoded face or whether, as seemed more likely, such an advantage
would require greater familiarity with a face. This experiment also pro-
vided a check that the veridical drawings were in fact veridical, and
would be judged as the best likenesses in the presence of the photo-
graphs.

The caricatures and anticaricatures are equally similar to the veridical
drawing metrically, but it is important to ensure that they would be per-
ceived as being equally similar to it when the face is unfamiliar. This was
tested by having subjects judge the similarity of the .25 caricatures and
— .25 anticaricatures to the veridical line drawings.

Experiment 2 should also provide preliminary data about how much
information about a face is necessary to obtain a caricature advantage.
Likeness judgments were compared after experience with a single full-
face photograph and with five views (left and right profiles, left and right
three-quarter views, and the full-face view), which provide more infor-
mation about the face. We predicted that any caricature advantage would
be more likely to occur in the multiple view condition, which provided
more information about the three-dimensional structure of the faces.
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Method
Subjects

Twenty Stanford undergraduates (different from those who participated in Experiment 1),
who were unfamiliar with the faces, participated in this experiment.

Stimuli

The .25 caricatures, the —.25 anticaricatures, and veridical line drawings from Experi-
ment 1 were used. For 8 of these faces, 1 x 1 in. photographs showing the left and right
profile and left and right three-quarter views, and a different (but highly similar) full-face
view than the one used to make the drawings, were available. This set of photographs was
intended to provide more information about the person’s appearance than a single full-face
view. For the remaining 10 faces only the full-face photographs, from which the line
drawings were made, were available. These photographs were shown for those faces. The
number of views shown (one or five) was confounded with the identify of the face, and with
the size of the photograph(s) (the multiple views were 1 X 1 in., whereas the single, full-face
photographs were 3.5 X 5in.).

Procedure

Likeness judgments from direct comparison and immediate memory. Undergraduates,
who were unfamiliar with the faces, ranked and rated the veridical line drawing, the .25
caricature, and the —.25 anticaricature for each face in terms of how good a likeness each
was. The judgments were made by comparing the line drawings with the photograph(s) of
the person depicted. Half the subjects made the likeness judgments in the presence of the
photograph(s) (direct comparison condition), and half viewed the photograph(s) for 60 s,
and then made the judgments from immediate memory (memory condition). Half the sub-
jects judged set A faces and half judged set B faces (see Experiment 1). This was counter-
balanced with judgment condition (perception/memory). The order in which the faces in
each set were viewed was reversed for half the subjects.

Similarity judgments. For each triple of drawings, subjects judged whether the — .25 anti-
caricature and the veridical line drawing, or the .25 caricature and the veridical line
drawing, were more similar. The three drawings were arranged from left to right. The veri-
dical drawing always appeared in the center, with the .25 caricature on the left half of the
time and on the right half of the time. The left—right arrangement of the caricature and the
anticaricature was counterbalanced with the norm face used.

Half the subjects did the similarity judgments before the likeness judgments, and half did
the likeness judgments first. Two subjects were tested at the same time. They worked inde-
pendently. One did the likeness judgments first, and the other did the similarity judgments
first. One had the perception condition and the other had the memory condition. Half the
subjects had set A faces for the likeness judgments and set B faces for the similarity judg-
ments. Half the subjects had the reverse arrangement. Thus identical pictures were not used
for the two tasks. The assignment of face sets to the two tasks was counterbalanced with the
order of the tasks. (Assignment of face sets could not be counterbalanced with both order of
tasks and perception/memory condition, because N was not a multiple of 8. However, there
were equal numbers of each assignment condition in the memory and perception condi-
tions.) The order in which the faces in each set were viewed was reversed for half the
subjects. This was counterbalanced with the order of the likeness and similarity judgments,
and the assignment of face sets to these tasks.
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Results and Discussion
Likeness Judgments from Direct Comparison and Immediate Memory

Ratings. A four-way analysis of variance was carried out on the mean
ratings, with judgment condition (direct comparison or immediate
memory) as a between-subjects factor, and norm, number of photographs
given (one or five), and exaggeration level (—.25, 0, .25) as within-subject
factors. An identical analysis on the rank data gave the same pattern of
results, and these are not reported here. There was a significant main
effect of exaggeration, as predicted, F(2,36) = 16.59, p < .0001. The
veridical drawings received the highest ratings (M = 4.12), followed by
the —.25 anticaricatures (M = 3.75), and .25 caricatures (M = 3.29),
Planned comparisons show that the veridical drawings were rated signifi-
cantly higher than both the caricatures, #(38) = 2.69, p < .02, and the
anticaricatures, t(38) = 5.76, p < .001. This result validates the assump-
tion that the veridical drawings were in fact veridical. The veridical
drawings, which received the highest ratings, were rated as only moder-
ately good. There was no significant difference between the caricatures
and the anticaricatures, according to a Scheffé post hoc comparison, #(38)
= 3.07, ns. These comparisons were based on the mean ratings obtained
by collapsing across all levels of the other factors, none of which inter-
acted with exaggeration level. There was a significant main effect of
judgment condition, F(1,18) = 5.17, p < .04, with the drawings rated as
better likenesses when compared directly with the photographs (M =
4.08) than when judged from immediate memory (M = 3.36). There was
also a significant main effect of number of photographs, F(1,18) = 6.63, p
< .02. The mean rating when a single, large, full-face photograph was
seen was higher (M = 4.19) than when multiple small views, with a dif-
ferent full-face view than used to generate the drawings, were seen (M =
3.97). All but three subjects reported that they looked mostly or entirely
at the full-face photograph when multiple views were given, because this
was the view depicted in the drawings. Therefore, the attempt to manipu-
late the degree of information subjects had about the three-dimensional
structure of the face was unsuccessful.

The rating results rule out the possibility that the likeness judgment
results in Experiment 1 were due to a bias against the anticaricatures.
There was no significant difference in the ratings given to the .25 carica-
tures and — .25 anticaricatures, according to the post hoc test used. Had
we used a less conservative test (¢.g., the usual significance level), the
bias would have favored the anticaricatures, not the caricatures.

The absence of a caricature advantage in the immediate memory con-
dition (with either single or multiple views of faces) suggests that for rela-
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tively unfamiliar faces there is no caricatured information in memory
competing against veridicality considerations when judging goodness of
likeness. For familiar faces, however, caricatured information appears to
compete with veridicality considerations resulting in the .25 caricatures
and the veridical drawings being judged equally good likenesses (Experi-
ment 1). The effectiveness of caricatures as representations appears to
require some minimal level of familiarity with the face, not attained with
60-s exposure to photographs. Unfamiliar faces may be inappropriate for
testing the caricature hypothesis, because the advantage of caricatures
over anticaricatures and veridical line drawings appears to depend on
properties of the long-term memory representation not shared by a per-
ceptual or short-term memory representation.

Similarity Judgments

Subjects judged which of two pairs of drawings were most similar, the
—.25 anticaricature and the veridical drawing, or the .25 caricature and
the veridical drawing. The mean number of choices in favor of the latter
pair was 8.4 (SD = 3.6), out of a total of 18. This did not differ signifi-
cantly from 9.0, which was the expected mean if the veridical drawings
were equally similar to both the anticaricature and caricatures, 1(19) < 1.
Thus the caricatures and anticaricatures did not differ in perceived simi-
larity to the veridical drawings. This result shows that the metric equiva-
lence of caricatures and anticaricatures to the veridical drawings results
in perceived equivalence of similarity of the caricatures and anticarica-
tures to the veridical drawings, at least when the faces are unfamiliar.

GENERAL DISCUSSION

Identification of the veridical drawings was much less accurate and
slower than would be expected for photographs. Photographs contain
more information, especially three-dimensional information provided by
shading, than do line drawings. Even line drawings differ in detail.
Davies, Ellis, and Shepherd (1978) showed that photographs of famous
people were better recognized (90% accuracy) than were detailed line
drawings (47%), which in turn supported recognition better than did line
outlines (23%). Our veridical line drawings contained about as much de-
tail as their line outlines. In addition, the definition of each face in terms
of the same 169 points and 37 lines led to a sameness of the drawings.
Nevertheless, once subjects knew who a drawing represented, they gen-
erally saw the resemblance, and made meaningful ratings of goodness of
likeness.
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Distinctiveness Hypothesis

When the faces were familiar, caricatures of every degree were judged
better likenesses of the person depicted than were anticaricatures of the
same degree. The .50 caricatures were identified four times more quickly
than the —.50 anticaricatures. These results show that exaggerating dis-
tinctive aspects of a face produces a better likeness than decreasing dis-
tinctiveness by an equal amount. The distinctiveness hypothesis has re-
ceived previous support when distinctiveness was varied across faces
(e.g., Light et al., 1979), but has not before been demonstrated for dis-
tinctiveness varied within individual faces.

Caricature Hypothesis

When the faces were familiar, .50 caricatures were identified twice as
quickly as the veridical line drawings. Further, .25 caricatures (and .50
caricatures for one norm) were considered to be as good likenesses as the
veridical drawings, with the interpolated best representation a .16 carica-
ture. Others have been unable to demonstrate such an effect (Hagen &
Perkins, 1983; Tversky & Baratz, 1985). As we argued above, our suc-
cess was most likely due to the use of familiar faces and comparable rep-
resentational media for the veridical and caricatured images. It also ap-
pears that a reaction time measure is more sensitive than an accuracy
measure, at least in an identification task. Considerations of veridicality
or accuracy of depiction are likely to influence likeness judgments.
Therefore, equivalent ratings for caricatures and veridical drawings sug-
gests that there is some caricature advantage competing with the veridi-
cality considerations.

Interpretation of a Caricature Advantage

There are two possible models that could account for the caricature
advantage. One is that long-term memory representations are schema-
tized and exaggerated like caricatures (Model 1). The other is that the
memory representations are veridical, but that exaggerated representa-
tions are more effective at accessing those representations (Model 2).
Perhaps the distinctive aspects of a face are simply made more salient in a
caricature. In this case caricatures would be recognized better than anti-
caricatures, but it is not clear that they would be recognized better than
veridical drawings, because there would be a mismatch on the distinctive
aspects. However, if identification occurs when the relative level of acti-
vation of a face within a set exceeds some criterion, then a caricature
might be identified better than a veridical image. This is because a carica-
ture, which is more individuated, and therefore less similar to other
faces, might produce a higher relative activation level for the target face



CARICATURES 493

than would a veridical image, even when the memory representation is
veridical. This advantage for the caricature would occur if there was a
monotonically increasing function relating activation to similarity, so that
the drop-off in activation for nontarget faces would be greater than that for
the target face. In this case caricatures could be more easily identified
than veridical images, even though the memory representations them-
selves were ‘‘veridical’’ (although it is not clear why identification time
and accuracy should behave differently). Similarly, atypical faces, for
which there are few similar faces in memory, would be more recognizable
than typical faces, because activation of the memory representations of
such faces will be high relative to that of other (similar) faces in memory.

Is it possible to distinguish between these two models? The fact that
caricatures were not considered as good likenesses as veridical drawings
for unfamiliar faces seems more consistent with Model 1 than Model 2.°
According to Model 2, caricatures should access the veridical representa-
tions more effectively than veridical images, irrespective of the famil-
iarity of the face, and therefore be considered better likenesses (a good
likeness was defined as being recognizable). However, the veridical
drawings were considered the best likenesses. This means that either the
process by which memory representations are accessed must change as
faces become more familiar, or the memory representations themselves
must change. There is no evidence that the access process changes with
familiarity of the stimulus. However, there is evidence that the memory
representations of faces change with increasing familiarity. Ellis, Shep-
herd, and Davies (1979) found that famous people were identified more
accurately from internal features than from the external face and hair
outline, whereas relatively unfamiliar faces were recognized equally well
from either internal or external features. People can also discriminate be-
tween normal and mirror-reversed images of faces better for more fa-
miliar faces than for less familiar faces, suggesting that subtle configural
information about the left—right organization of a face is represented
better for more familiar faces (Rhodes, 1986). Thus there appears to be
more evidence in favor of the hypothesis that memory representations
change as faces become more familiar than that the representations are
accessed differently.

A further test of the hypothesis that memory representations are cari-
catured would be to get artists to draw faces from memory, as veridically
as possible. Their drawings could then be compared with veridical and
caricatured drawings produced by the caricature generator (based on

? A recognition test would provide stronger evidence. However, Experiment 2 was not
designed to differentiate these two interpretations of the caricature advantage, and did not
include a recognition test.
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photographs). The comparison could be made by computing the average
distance between corresponding fiducial points in the artists’ drawings
and in the veridical drawings and caricatures.

Ratings Versus Reaction Times for Identification

Taking reaction times for identification as an indicator of ‘‘goodness of
likeness,’’ the .50 caricatures are better likenesses than are the veridical
line drawings. A different pattern emerged when ratings of goodness of
likeness were analyzed. Here, caricatures merely equaled veridical line
drawings, and for one norm it was only the .25 caricatures (not the .50
caricatures) that did so. These differences suggest that different pro-
cesses underly identification and ratings. This suggestion is supported by
another aspect of our data. Neither the distinctiveness nor the caricature
hypothesis was supported when subjects made likeness judgments of un-
familiar faces (Experiment 2). However, recognition studies with unfa-
miliar faces provide ample support for the distinctiveness hypothesis (see
introduction). Subjects apparently have veridical information about faces
that they can use to judge how realistic a face is (i.e., whether it conforms
to the usual metric proportions), but that they do not use in on-line iden-
tification or recognition.

Norm-Based Representations of Distinctive Information

The idea that distinctive aspects of a face are noted or even exagger-
ated in the memory representation requires knowledge about what is typ-
ical in a population. This knowledge may be represented as a norm face,
like the norm face in the caricature generator, against which distinctive-
ness is assessed. One might think that an explicit measure of variability
would be necessary for assessing distinctiveness. However, the compu-
tational theory on which the caricature generator is based indicates that
an explicit representation of population variability information is unnec-
essary. Distinctiveness may simply be assessed in relation to the norm
face, as it is in the caricature generator. Those aspects that are most dif-
ferent from the norm face are most distinctive, and may receive differen-
tial emphasis in the representation, or be most easily accessed in recogni-
tion.

Knowledge about typicality appears to be population based. People
recognize faces of their own racial group better than faces in other racial
groups (see Shepherd, 1981, for a review), presumably because for an
unfamiliar population they have inadequate knowledge about what is typ-
ical and atypical, or even about what aspects of faces show variation
across individuals. With more experience or training, recognition of unfa-
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miliar race faces improves (Elliott, Wills, & Goldstein, 1973). It therefore
seems likely that people have several norms, one for each category of
faces that has unique individuating properties. Obvious examples are dif-
ferent sex, age, and racial groups. We plan to use the caricature generator
to test the hypothesis that there are different norms for different catego-
ries of faces. If the hypothesis is true, then the use of an inappropriate
norm should produce poorer caricatures than use of the correct norm.

A Holistic Model of Encoding and/or Recognition

A major question about how faces are mentally represented is whether
they are represented holistically or as sets of piecemeal features or di-
mension values. A related question is whether faces are recognized or
identified by holistic comparisons with memory representations, or by
feature analytic comparisons. These questions have not proved easy to
deal with, at least in part because of lack of clear definitions of terms like
holistic. The caricature generator provides an explicit statement of what
is meant by a holistic comparison. It is one in which corresponding points
can be found and simultaneously compared on two representations.!® The
caricature generator works by holistically comparing a face with a norm
face, and exaggerating all metric differences between the two without any
explicit analysis of distinctive features. We call this model ‘‘holistic”’
rather then ‘‘featural’ because it does not constrain and manipulate a
face in a piecemeal fashion. The encoding preserves the continuously
varying, analog terrain of the face. All points on a veridical face are
treated alike with respect to a norm; the whole representation is exagger-
ated in parallel, within a many-dimensional space. An individual face can
be considered to occupy a unique location in this many-dimensional
space, where the dimensionality is equal to the total number of points in
the representation x 2 (because x and y coordinates are given for each
point).

The points in the representation could be called features, but their
exact nature is somewhat arbitrary. In principle, any set of lines or points
sufficient to be identified as a face could be used to define the initial
representation. What is critical is that this set be congruent across all the
faces in the data base. The fact that the caricatures were more identifiable
than the veridical drawings suggests that an analysis of a face into dis-
crete “‘features’ may not, in principle, be necessary for representation.
Faces could be encoded by holistic comparison with a norm face, just as

10 7t should be noted that this description is at the level of a computational theory. The
comparisons need not be carried out simultaneously in the nervous system, just as they are
not carried out simultaneously in the computer implementation.
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in the caricature generation algorithm. In this sense, they may be consid-
ered to be encoded holistically. Recognition might also be based on a
holistic comparison of a face to faces in memory, similar to that used by
the caricature generator.

Norm-Based Object Categorization

The caricature generator may provide a theory of categorization for
objects other than faces that can also be defined in terms of a fixed set of
points that are common to all objects in the class to which they belong.
For example, different types of dogs or birds could be encoded by shape
profiles, which represent the distinctive aspects of the kind of dog or bird
relative to a dog or bird norm (based on the average of all the dog or bird
profiles). This hypothesis is consistent with the important role of shape
information in basic level categorization. Rosch, Mervis, Gray, Johnson,
and Boyes-Braem (1976) have shown that basic level objects can be iden-
tified from averaged shapes of members of that class. Here, we are sug-
gesting that subordinate level classification could be made on the basis of
deviations from the basic level norm (averaged) shape. Although discrete
features are clearly used in object recognition, our theory relates to the
way in which information provided by configural shape may be used.
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