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This study examined children’s and adults’ perception and recognition of facial stimuli that were either
systematically exaggerated (caricatures) or de-exaggerated (anticaricatures) relative to a norm face. The
results showed that all age groups perceived caricatures as the most distinctive versions of a face and
anticaricatures as the least distinctive, although the effect was smallest for 6-year-olds. In general,
caricatures were identified as quickly as the veridical faces and faster than the anticaricatures. Across all
age groups, participants’ familiarity with the stimulus faces interacted with degree of caricature to
determine speed of processing as well as choice of best likeness. The results are discussed in relation to
the idea that distinctiveness information in a face is represented in relation to a norm.

A well-known finding in the literature on face recognition is that
faces judged as distinctive are more easily remembered than faces
judged as typical. This recognition advantage is known as a dis-
tinctiveness effect. For adults, the distinctiveness effect has been
found for both unfamiliar faces and familiar faces regardless of
whether the faces are familiar through media exposure or whether
the faces are personally known by the observer (Bartlett, Hurry, &
Thorley, 1984; Going & Read, 1974; Valentine & Bruce, 1986a,
1986b). Moreover, distinctive faces are remembered better after
long delays than are typical faces (Shepherd, Gibling, & Ellis,
1991). To date, only one study that we know of has compared
children’s recognition of distinctive versus typical faces. Johnston
and Ellis (1995) tested children ranging in age from 5 to 13 years
and found that 5-year-olds did not show a recognition advantage
for distinctive faces over typical faces even though accuracy for
both types of faces was well above chance. Instead, the character-
istic advantage for processing distinctive faces began to emerge at
around age 7 and resembled the adult pattern at around age 9.

An influential model to account for distinctiveness effects in
adults proposes that adults’ internal representations are encoded in
a multidimensional “face space” (MDFS; Valentine, 1990, 1991).

According to the model, dimensions of the space correspond to any
features or spatial relationships between features that could help
identify (or distinguish between) different individuals. Although
the model does not specify which dimensions are used in encoding,
several multidimensional scaling studies suggest that spatial rela-
tions between the eyes and eyebrows, the length and color of hair,
and the chin shape may be regarded as likely candidates (e.g.,
Pedelty, Levine, & Shevell, 1985; Rhodes, 1988; Shepherd, Da-
vies, & Ellis, 1981). Other dimensions may include the perceived
age of the face (Johnston & Ellis, 1995), the gender of the face
(Rhodes, Hickford, & Jeffery, 2000), or the race of the face (Byatt
& Rhodes, 1998). The values on the feature dimensions are
deemed to be normally distributed around a central tendency
depending on the population of faces that a person has seen
(Valentine, 1991). Faces that look similar to each other are repre-
sented by points or vectors that are close to each other in face
space. Their actual location in space, however, is determined
relative to the central tendency of the feature dimensions (see
Figure 1). Using the framework of MDFS, Valentine (1991) pro-
posed two models by which faces may be encoded. One is a
norm-based coding model in which faces are represented in the
face space as vectors derived from a norm or prototype face. The
other is an exemplar-based model in which faces are encoded as
discrete points in space. Both models support the notion that there
is an area of central tendency in the face space that represents the
area of highest exemplar density; as distance from the origin
increases, the density decreases.1 In general, the within-category
exemplar density gradients assumed by the MDFS model are
inherent in other models of categorization that attempt to explain

1 The norm- and exemplar-based models are difficult to distinguish
empirically (although see Byatt & Rhodes, 1998, for a recent study). Both
models, however, predict a recognition advantage for distinctive facial
stimuli given the assumption of a differential density gradient in face space.
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the prototype advantage in shape-based classification tasks (e.g.,
Nosofsky, 1991).

One of the main assumptions of the MDFS model is that a
person’s lifetime experience with faces will contribute to the
distribution of facial representations within the space. Typical
faces, by definition, are more commonly encountered and look
more similar to other faces than do distinctive faces. Thus, typical
faces are represented around the origin, where a large number of
close neighbors are clustered nearby. In contrast, distinctive faces
are assumed to differ from the central tendency on at least one
feature dimension and therefore are represented in the periphery of
space, where there are fewer neighbors nearby. Valentine’s (1991)
model accounts for the distinctiveness effect by positing that the
detection of target activity against a background of distractor
activation is more difficult for typical faces than distinctive faces
because typical faces are located in areas of space with a higher
density of distractors. Hence, typical faces may be subject to a
greater degree of interference from activated distractors than are
distinctive faces.

One problem with examining a distinctiveness effect for faces is
that most studies ask participants to recognize a range of different
faces that may indeed vary in distinctiveness. As pointed out by
Rhodes and her colleagues (e.g., Rhodes, Brennan, & Carey, 1987;
Rhodes & Moody, 1990), however, faces that vary in distinctive-
ness may also covary on other dimensions (such as attractiveness,
age, gender, perceived health, and so on). An alternative to pre-
senting a range of distinctive and typical faces is to systematically
vary distinctiveness within the same face in relation to a norm face
(Brennan, 1985). These stimuli are known as caricatures (in which
distinctive facial features are exaggerated) or anticaricatures (in
which distinctive features are reduced). For example, if an indi-

vidual has a narrow face, then in a caricature, the narrowness of the
face is exaggerated in relation to other faces from the same
population. In contrast, for the individual with a narrow face, an
anticaricatured depiction would make the face less narrow, making
it look more like the norm face. Multidimensional scaling analyses
on adults’ similarity ratings for pairs of caricatured and anticari-
catured faces provide support for the idea that caricatures (com-
pared with anticaricatures) are located further from the central
tendency of a set of faces (Lee, Byatt, & Rhodes, 2000).

Using computer-generated images, studies have found that car-
icatures either are recognized as quickly as veridical depictions
(Benson & Perrett, 1994; Calder, Young, Benson, & Perrett, 1996,
Experiment 2; Rhodes & Tremewan, 1994) or are actually recog-
nized faster than veridical depictions (e.g., Benson, 1997; Calder et
al., 1996, Experiment 3; Rhodes et al., 1987). In these studies,
anticaricatures are always recognized more slowly than both car-
icatures and veridical depictions. In addition, caricatures are often
judged as better likenesses of well-known individuals than are
veridical or anticaricatured depictions (Benson & Perrett, 1991a;
Rhodes et al., 1987). In sum, distortions of the face in which
distinctiveness information is exaggerated are recognized at least
as well as undistorted versions of the face.

To date, there has been little systematic research on children’s
recognition of caricatures, except by Ellis (1991), who described
two pilot experiments in an unpublished report. In the first exper-
iment, Ellis found that 4–9-year-olds selected a caricature when
asked to choose the best likeness of a male and a female celebrity.
Indeed, the 4–6-year-olds selected a more extreme caricature than
the one selected by the 7–9-year-olds. In the second experiment,
children 6, 9, or 11 years of age selected a caricature as depicting
the best likeness of an unspecified number of their classmates’
faces. It was not reported in Ellis’s summary, however, whether
the mean caricature level (MCL) of the preferred images was
significantly different from 0%, the value expected from the null
hypothesis that caricaturing has no effect on best likeness judg-
ments. Taken together, the pilot data showing that children as
young as age 4 show caricature effects stand in contrast to results
indicating that distinctiveness effects for faces emerge only at
around age 7 (Johnston & Ellis, 1995).

The goal of the present research was to investigate whether or
not distinctiveness was important for children’s representations of
faces. Two experiments were designed to examine caricature ef-
fects in children. In the first experiment, participants were asked to
pick which of three types of depictions of unfamiliar faces—
caricatures, veridical depictions, or anticaricatures—were the most
or least distinctive versions of a face. If the adult space is differ-
entiated (see Figure 1), as has been suggested by some researchers
(e.g., Johnston & Ellis, 1995; Valentine, 1991), then adults should
pick caricatures as the most distinctive versions of an individual’s
face and anticaricatures as the least distinctive versions. By con-
trast, if young children are not sensitive to distinctiveness infor-
mation of faces, then their responses should be random or should
at least show a pattern different from that of older children and
adults.

The second experiment was designed to examine age-related
changes in the participants’ recognition of their classmates’ faces
compared with the faces of age-matched children who attended a
different school but whose faces and names were learned from a
photograph. The advantage of this design is that the same target

Figure 1. A hypothetical representation of face space. Each of the plotted
points represents a previously seen face located in an n-dimensional face
space (only two dimensions are shown here). The axes are not labeled but
represent any feature dimension that could be used to individuate faces.
The origin represents the central tendency of the feature dimensions for a
population of faces (see Valentine, 1991, and Johnston & Ellis, 1995). The
inset shows the relationship in face space between the veridical depiction
and anticaricatured and caricatured versions of a face relative to the central
tendency of the axes. The arrows in the inset show how caricatured and
anticaricatured depictions may be more or less distinctive, respectively, in
relation to a putative norm face or to the central tendency of faces.

1039CHILDREN’S RECOGNITION OF CARICATURES



faces are seen by two groups of participants, one that is familiar
with the faces and one that is not. Thus, only familiarity is varied
across the groups, and the effects of caricature recognition, related
to the face stimuli per se, are mitigated. As described earlier,
Ellis’s (1991) pilot study found that young children showed a
positive MCL (i.e., a caricature) for the preferred image, which is
a result that is similar to that for adults. This ability, however, may
not yet be fully developed. If children use distinctiveness infor-
mation in recognizing faces, then we would expect them to show
caricature effects in recognition performance as well, a finding that
Johnston and Ellis (1995) did not observe in children younger
than 7 years of age. In Experiment 2, two aspects of caricature
recognition were examined. First, in an identification task, children
and adults were asked to name caricatured, veridical, and anticari-
catured faces; naming accuracy and speed were measured for the
three types of depictions. A caricature advantage would be re-
flected by faster response times and more accurate recognition of
caricatures than of veridical and anticaricatured depictions. Sec-
ond, in a best likeness task, participants were asked to judge the
various depictions according to their resemblance to the depicted
individual. If there is a developmental change in the manner in
which distinctiveness in faces is encoded, then caricature effects
that are found in adults may not be found in young children. These
experiments should provide basic information about whether
young children are sensitive to distinctiveness information in faces
and, if so, whether they use this information in performing a
variety of tasks in the same manner as older children and adults.
Obtaining this kind of information is an important first step in
building more formal theories of developmental changes in face
processing.

Experiment 1

It is possible that caricatured depictions of an individual’s face
are regarded as more distinctive versions of the face than are
anticaricatures. To date, only research involving adults who
viewed line drawings (Rhodes & Tremewan, 1996) or photo-
graphic images of faces (Rhodes, Sumich, & Byatt, 1999) has
provided empirical evidence that supports this distinction. The
purpose of Experiment 1 was to investigate whether children
would be sensitive to variations in distinctiveness as the caricature
level of faces was varied.

Method

Participants. A total of 56 primary school children (30 boys and 26
girls) participated in the experiment: 20 children were from Grade 1 (mean
age � 6 years 10 months), 20 from Grade 3 (mean age � 8 years 11
months), and 16 from Grade 5 (mean age � 11 years 0 months). Twenty-
two adult volunteers (mean age � 27 years 6 months) were also tested. All
the participants were Caucasian, and the proportions of males and females
in each age group were approximately equivalent.

Stimuli. Color photographs of 83 children and 26 adults were used to
make the facial stimuli. All the photographic models were Caucasian (and
all were the actual participants in Experiment 2). Photographs were taken
of 27 children from Grade 1, 32 from Grade 3, and 24 from Grade 5.
The 26 adults were graduate students attending the University of Chicago.
Roughly half of the models at each age group were male. All the photo-
graphs were head shots (from the shoulders up) and were taken under
constant background and lighting. The models were asked to look directly
at the camera and to pose with a relaxed, neutral expression. Only adults

who did not wear beards or mustaches served as models. The models who
wore glasses (or other accessories such as earrings, hats, etc.) were asked
to remove them, but none of the individuals depicted in the final stimulus
set wore glasses.

The photographs were digitized (at a resolution of 100 dots per inch) so
that they could be used to make the caricatures. The software used to create
color photographic caricatures and anticaricatures has been described in
detail elsewhere (Benson, 1994; Benson & Perrett 1991a, 1991b, 1992), so
only a brief description is provided here. Caricature generation involved
four steps. First, a fixed set of 208 landmark points was placed manually
around clearly defined internal and external facial features such as the eyes,
nose, mouth, and so on. The points were automatically joined with lines to
produce a veridical tracing of the face. Second, a point-by-point, line-by-
line match was made between a target face and its age- and gender-
appropriate norm.2 The norm faces were created automatically by averag-
ing the coordinates of all the people who were photographed, blocked by
age and gender. Eight norm faces were created: For each of the four age
groups, there was one male norm and one female norm. At least 12 male
and 12 female photographs at each of the four age groups were averaged
to create the eight norm faces.

In the third step, all metric differences between the target face and its
norm were increased to create caricatures or decreased to create anticari-
catures. For example, a 100% caricature is operationally defined as an
image in which the spatial differences between a stimulus face and a norm
face are doubled. Finally, each veridical line drawing was divided into a
lattice of 340 interconnected triangles, using the set of landmark points.
The color pixel values contained in a triangulated veridical image were
then remapped, pixel by pixel, into the corresponding triangles in the
caricatured image, using the reference points of the caricatured image. In
effect, the triangles of the caricatured image were “stretched” or “shrunk”
in relation to the corresponding triangles on the veridical image (Benson &
Perrett, 1991b).

The final stimulus set consisted of 48 faces. There were six male and six
female faces from each of the four age groups (the mean ages of the faces
for the first graders, third graders, fifth graders, and adults were 6 years 11
months, 8 years 9 months, 10 years 9 months, and 28 years 7 months,
respectively). For each stimulus face, five depictions were generated: the
–36% and –18% anticaricatures, the veridical (0%) depiction, and the 18%
and 36% caricatures. These levels are within the range of those that have
been used by other researchers who have found caricature effects in adults
for familiar faces (e.g., Rhodes et al., 1987; Rhodes & Tremewan, 1994).
A sample set of face depictions is shown in Figure 2.

2 There were pragmatic and theoretical reasons underlying our decision
to caricature individual faces against their age- and gender-appropriate
norms. The decision was pragmatic in the sense that it seems more
reasonable that a male Caucasian 6-year-old’s face be caricatured against
a norm derived from other male Caucasian 6-year-olds, and not a norm
derived from, say, adult faces. The decision was theoretical in the sense
that the primary aim of our study was not to directly examine the effect of
different norms on recognition or likeness judgments (by contrast, see
Perrett et al., 1998, and Rhodes et al., 2000, for evidence that a masculin-
ized or feminized norm may affect attractiveness judgments). As pointed
out by an anonymous reviewer, our procedure to generate caricatures
carries with it the implicit assumption that perceived age, gender, and even
race may be important dimensions of face space. This is a point we readily
endorse, especially given evidence that young children can discriminate
among the faces of young children more readily than among the faces of
older children and adults (George, Hole, & Scaife, 2000) and evidence that
adults may differentially encode faces according to age and gender
(Johnston, Milne, Williams, & Hosie, 1997). As described in the Results
section, however, the factors of age and gender of the facial stimuli were
not significant and did not interact with other factors.
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Apparatus and procedure. For this and the other experiments de-
scribed later, the stimuli were presented in 12-bit color on a 27-cm wide
monitor (with a screen resolution of 832 � 624 kHz and a refresh rate of 75
Hz) controlled by a Power Macintosh 7100 computer. The participant
sat 60 cm away from the monitor, which resulted in each depiction
subtending a horizontal visual angle of about 6.52° and a vertical visual
angle of about 9.0°. Software for conducting psychology experiments
(SuperLab 1.68) was used to store and display the stimuli and record
responses.

Participants were tested individually in a quiet room at their school. On
each trial, a set of five depictions of an individual’s face was presented on
the monitor: As demonstrated in Figure 2, three depictions were shown in
the top row and two in the bottom row. At the beginning of the session,
while the first set of depictions was on the monitor, the following instruc-
tions were read:

I want you to think about all the faces you have ever seen. Now, look
at these pictures on the screen. Which one of these faces do you think
looks most different from (or most like) [emphasis added] the faces
you have seen before? Please point to it.

Occasionally during subsequent trials, the instructions were repeated, along
with a reminder that there were no right or wrong answers and that the
experimenter was simply interested in what participants thought of the
faces. After the participant pointed to one of the depictions, a new set of
five depictions of another individual’s face was then presented. The par-
ticipants proceeded through the trials at their own pace.

A block of trials consisted of the faces of six individuals, blocked by age
and gender of the face. The trials within a block were randomized. Each
participant saw the caricature sets of all 48 individuals twice: once when
they made a “most different” judgment and once when they made a “most
like” judgment. Half the participants made all of their “most different”
judgments first, and half made their “most like” judgments first. Each
session lasted about 40 min and included a break after each block of six
trials.

Results and Discussion

To obtain an estimate of the distinctiveness effects, we calcu-
lated the MCL of participants’ judgments by averaging the cari-
cature level of the depiction chosen as most different from or most
like the faces they had seen before across participants for each age
group. A preliminary analysis of variance (ANOVA) indicated that
there was no difference between the MCL values as a function of
age or gender of the facial stimuli and that these factors did not
interact with any other factors (all Fs � 1); therefore, the MCL
values were combined over these factors in subsequent analyses.
As shown in Figure 3, a positive MCL was obtained for the “most
different” condition for all age groups (6-year-olds, MCL �
4.37%, SE � 0.98%; 8-year-olds, MCL � 22.56%, SE � 1.83%;
10-year-olds, MCL � 27.96%, SE � 1.08%; adults, MCL �
31.64%, SE � 0.60%). By contrast, a negative MCL was obtained
for the “most like” condition for all age groups (6-year-olds,
MCL � –3.58%, SE � 1.14%; 8-year-olds, MCL � –19.44%,
SE � 1.71%; 10-year-olds, MCL � –25.48%, SE � 0.68%; adults,
MCL � –27.14%, SE � 0.68%). This pattern was confirmed by
the results of a two-way ANOVA, with age (6 years, 8 years, 10
years, adult) as a between-subjects factor and instruction condition
(most like or most different) as a repeated within-subject factor.
The main effect of instruction condition was significant, F(1,
74) � 1,738.75, p � .0001 (Ms � –18.78% and 21.56% for the
“most like” and “most different” conditions, respectively). This
effect was moderated by a significant Age � Condition interac-
tion, F(3, 74) � 143.27, p � .0001. Post hoc pairwise comparisons
for the “most like” condition indicated that all adjacent age groups
were significantly different from each other except the 10-year-
olds and adults; for the “most different” condition, all adjacent age
groups were significantly different from each other (Tukey’s hon-

Figure 2. Sample stimulus set including anticaricatures (�36% and �18%), the veridical depiction (0%), and
caricatures (18% and 36%) of an individual’s face. (Note that the stimuli were presented in color.)
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estly significant difference [HSD] tests, ps � .01). The main effect
of age was not significant, F(3, 74) � 1.38, p � .25.

For the sake of clarity, separate ANOVAs on the MCLs were
carried out for each age group to further examine the distinctive-
ness effects. For each age group, the null hypothesis was that the
MCLs for the “most different” and “most like” conditions would
not be different. In addition, a priori t tests were carried out to test
the null hypothesis that varying the distinctiveness of the face
would have no effect on the “most like” or “most different”
judgments. Under this hypothesis, participants’ MCLs would not
be different from an expected MCL of 0%—the value expected
from random responses. The F tests and planned contrasts are
summarized in Table 1, which shows that the main effect of
instruction condition was significant for every age group. In ad-
dition, the planned contrasts indicated that the MCLs for each age
group were significantly different from 0%.

As Rhodes (1996) pointed out, a positive MCL suggests a
preference for a caricatured depiction even though this value may
also reflect either an equal preference for veridical and caricatured
depictions or an outright preference for veridical depictions with

caricatures preferred more than anticaricatures. The same reason-
ing applies to negative values of the MCL. For these reasons, it is
important that the MCL values be considered in conjunction with
the mean frequency with which each caricature level was selected.
The frequency with which each depiction was selected under the
“most like” and “most different” conditions was averaged across
all stimulus faces and over all participants for the four age groups.
These frequencies, expressed as a mean percentage of selection for
each caricature level, are shown in Figure 4. In Figure 4, 20%
represents chance because on any given trial, there is a .20 prob-
ability of randomly selecting a given depiction.

In comparing the selection performance, a justifiable concern is
that the selection functions shown by the 6-year-olds relative to the
older participants may indicate that the youngest participants did
not understand the task instructions. If this was the case, then their
selection performance should be random in at least one condition
or random in both conditions. We suggest that there is evidence
that at least some of the 6-year-olds understood the nature of the
task. First, as described above, the MCLs for the 6-year-olds were
positive under the “most different” condition and negative under
the “most like” condition, just like those of the older participants
in both conditions. Second, the main effect of instruction condition
was significant for all age groups, and crucially, each of the MCLs
was significantly different from zero. Third, an examination of
Figure 4a—the “most different” condition—shows that for all
participants, the 36% caricature was chosen most often, followed
by the 18% caricature, and then by the rest of the depictions.
Hence, the positive MCLs found under the “most different” con-
dition were not the result of an equal preference for the veridical
and the caricatured depictions, nor were they the result of an
outright preference for veridical depictions with caricatures pre-
ferred more than anticaricatures. An examination of Figure 4b—
the “most like” condition—shows that the 6-year-olds selected the
two anticaricatures most often (the –18% depiction followed by
the –36% depiction) followed by the rest of the depictions. The
trend for the 6-year-olds, though not as pronounced, was similar to
the pattern shown by the older participants (who clearly chose the
–36% depiction most often). Hence, the negative MCLs found
under the “most like” condition were not because of an equal
preference for the veridical and the anticaricatures depictions, nor
were they the result of an outright preference for veridical depic-
tions with anticaricatures preferred more than caricatures. We
tentatively suggest that the MCL analyses, coupled with the fact

Figure 3. Mean caricature level (MCL) of distinctiveness judgments as a
function of age in Experiment 1. Error bars depict the standard error of the
MCL. In the graph, an MCL of 0% represents chance selection.

Table 1
Main Effect of Instruction Condition on Mean Caricature Levels (MCLs) by Age Group

Age

ANOVA statistics Planned contrastsa

df F p df

Most like Most different

t p t p

6 years 1, 19 29.18 �.001 19 �3.14 �.01 4.46 �.001
8 years 1, 19 189.50 �.001 19 �11.36 �.001 12.31 �.001
10 years 1, 15 1700.45 �.001 15 �37.29 �.001 25.99 �.001
Adult 1, 21 2580.12 �.001 21 �51.36 �.001 53.07 �.001

a A priori t statistic (according to two-tailed tests) for testing the significance of the MCL difference from zero
(see description in text).
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that the 6-year-olds showed the same trends as the older partici-
pants in both conditions, indicate that at least some of the 6-year-
olds understood the nature of the task and showed sensitivity to
distinctiveness in faces. Clearly, however, the effect is not as
strong as the effect in older participants.

The results are also consistent with Rhodes and Tremewan’s
(1996) findings that distinctiveness ratings for line drawings are
positively correlated with degree of caricature. Along with find-
ings from Rhodes et al. (1999), the present results confirm that this
relationship holds for photographic images and serve as a manip-
ulation check for the caricature sets in terms of perceived
distinctiveness.

Experiment 2

As suggested by the results of Experiment 1, a set of depictions
that varies in caricature level also seems to vary in perceived
distinctiveness. The purpose of Experiment 2 was to investigate
age-related changes in children’s recognition of caricatures using
depictions of familiar and initially unfamiliar faces. Two measures
of recognition performance for faces were examined: which type
of depiction (caricature, veridical, or anticaricature) would be
identified faster and/or more accurately and which type of depic-
tion would be judged as the best likeness of an individual’s face.

Previous developmental work suggests that young children do not
show a recognition advantage for distinctive over typical faces, as
is usually found for adults (Johnston & Ellis, 1995). Thus, one
prediction that follows is that older children and adults, but not
younger children, will show caricature effects in recognizing faces.
If this is the case, then an interaction between age and caricature
level should emerge.

When familiar faces were used as stimuli, caricature effects
were found in several studies. The results, however, were not as
clear when the faces used were initially unfamiliar. Some studies
reported that for unfamiliar faces, veridical depictions were rec-
ognized faster than caricatured depictions (Rhodes & Moody,
1990) and were judged as better likenesses than were caricatures
(Rhodes et al., 1987) even though a caricature advantage was
found for familiar faces. These results were initially interpreted as
evidence that representations for familiar faces are caricatured in
memory (termed a caricature-trace model by Rhodes, 1996). By
this account, caricatured depictions may be easier to recognize and
may be judged as better likenesses because they match the stored
(caricatured) representation available in memory more closely than
do veridical or anticaricatured depictions. It seems reasonable to
assume that familiarity established through one’s daily interactions
with people results in different face representations than familiar-
ity acquired during an experiment (see Newcombe & Lie, 1995,
for further discussion of this point). Thus, caricature effects
through exposure to a photograph may be restricted to relatively
familiar faces.

In contrast, other studies have reported caricature effects for
initially unfamiliar faces. Rhodes and Tremewan (1994) found that
enhanced line drawing caricatures were recognized more accu-
rately than veridical depictions both by classmates of the people
who were depicted and by another class who had only seen the
faces as photographic images. Stevenage (1995), using artist-
drawn images, found that the names for a set of unfamiliar faces
were learned more quickly when the faces were presented as
caricatures than when they were presented as veridical drawings.
These results suggest that facial representations need not be rep-
resented as exaggerations in long-term memory for caricatured
stimuli to be effective. In Experiment 2, the effects of familiarity
were examined. Familiarity was manipulated by comparing rec-
ognition performance for photographs of participants’ classmates
with recognition performance for photographs of age-matched
peers who were not seen prior to the experiment. If a caricature-
trace account is correct, then caricature effects should be restricted
to highly familiar faces.

Method

Participants. There were 123 participants, 109 of whom were photo-
graphed in the manner described in Experiment 1. (Note that only 48 of
these faces composed the stimulus set.) There were 87 primary school
children (46 boys and 41 girls) who were recruited from two Chicago area
schools. The children were drawn from a total of six classrooms, one at
each grade level at each school. Across the two schools, there were two
first-grade classes (29 participants; mean age � 6 years 10 months), two
third-grade classes (32 participants; mean age � 8 years 10 months), and
two fifth-grade classes (26 participants; mean age � 10 years 9 months).
In addition, 36 undergraduate and graduate students (mean age � 27
years 2 months) were tested: 24 were from the Department of Psychology,
and 12 were from the Divinity School. As before, all the participants were

Figure 4. Mean selection frequency (expressed as a percentage) as a
function of the caricature level for “most different” and “most like”
judgments in Experiment 1. In the graphs, a 20% selection frequency
represents chance selection.
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Caucasian, and the proportions of males and females in each age group
were approximately equivalent.

Stimuli and apparatus. The stimuli comprising –36%, –18%, 0%,
18%, and 36% depictions of individuals’ faces were generated in the
manner described in Experiment 1. In each session, a participant learned
the names of 18 faces, 6 of which were classmate faces and 12 of which
had never been seen before. Half the stimulus faces were male and half
were female. The faces were presented in six blocks, with the participant
learning the names of three faces per block. For the children, six of the
unfamiliar faces were same-age peers from another school, and six were
adults (psychology graduate students). For the adults, the unfamiliar face
stimuli were six graduate students from a different program and six
unfamiliar children; equivalent numbers of adults viewed children’s faces
from each of the three age groups.

The computer, monitor, and software used to present the faces and
record responses were identical to those used in Experiment 1 with the
following exception: In the identification task, voice-activated response
times (RTs) were recorded by a small microphone placed 15 cm in front of
the participant.

Procedure. Each participant completed three tasks. First, participants
learned the names of the three faces in a block in the training phase. (Only
three faces were used in each block to try and ensure that a block of trials
did not take too long to complete in order to possibly avoid frustrating the
youngest participants.) Second, speeded identification performance for
these three faces was tested. Third, immediately after the identification
trials, participants made best likeness judgments for these three faces. This
cycle was repeated until all six blocks of faces were tested. Each session
lasted about 45 min; participants were tested individually in a quiet room
at their school.

Part 1: Training phase. Digitized photographs of each face in a smil-
ing pose (taken during the same photographic session) were used in the
training phase. The aim of the training phase was for participants to learn
the actual name of each of the faces. Although training on classmates’ faces
was probably unnecessary, the same training procedure was carried out for
all of the faces to keep the procedures consistent. Familiar or unfamiliar
faces were presented to each participant in blocks of three male or three
female faces at a time, with the blocks presented according to 1 of 12 fixed
random orders. The orders were counterbalanced across participants.

Throughout this study, the participant was seated at a table, 60 cm from
the monitor. The following instructions were read:

Now, I’m going to show you some faces. Some of the faces you have
seen before, and some you haven’t seen before. I’m going to tell you
the names of the faces, and I want you to try and remember the name
of each face. Then, I am going to show you the faces again and I want
you to tell me the name of each face.

After the instructions were read, training proceeded as follows. For each of
the three faces in a block, photographs with smiling poses were shown in
the center of the monitor, one at a time, for 3 s each, with the experimenter
saying the name for the first two training cycles. The faces were then
presented again in a random order, and the participant was instructed to
name each face. The experimenter provided the name when necessary. The
training cycle was repeated until all three faces in a block were named
correctly two times in a row.

Part 2: Identification task. The identification task was carried out
immediately after the participant learned the names of the three faces in a
block. At the beginning of the identification trials, the experimenter read
the following instructions:

Now, I want to show you some of the faces you just saw [in the
training phase]. Look at the screen and let me know when you are
ready to begin. Then, get ready, because a face will appear in the
middle of the screen. Say the person’s name out loud. Please try to say
the right name as quickly as you can, without saying “umm” or “uhh”

before the name. You will see each person’s face a few times. The
faces will be shown in a mixed-up order. Do you understand what you
are supposed to do?

The correct procedure for making a vocal response was then demonstrated.
The experimenter initiated the beginning of a block of trials with a
keyboard press. Two seconds later, a single face depiction from the
stimulus set was presented in the center of the monitor and remained on the
screen until the participant said the name. The recording of the voice-
activated RTs began as soon as the stimulus was presented and ended when
a vocal response was recorded. Another face was presented 2 s after a
response. There were 30 trials per block, consisting of two presentations of
each of the five caricature levels for the three faces in a block. Trials within
a block were randomized.

Part 3: Best likeness task. Immediately after the identification task, we
asked participants to choose the best likeness for each face. Each trial
consisted of a set of five face depictions presented on the screen in the
arrangement shown in Figure 2. To guide participants’ likeness judgments,
we read the following instructions:

Now, I’ve put some pictures of [John] on the screen. Which one of
these pictures do you think looks most [emphasis added] like [John]?
Please point to it.

Occasionally during the trials, the instructions were repeated, along with a
reminder that there were no right or wrong answers and that the experi-
menter was simply interested in what they thought of the faces. After the
participant responded by pointing to one of the depictions, a set of five
depictions of another person’s face was presented. Participants were al-
lowed to proceed through the trials at their own pace. The depictions in the
array were arranged according to 1 of 24 fixed random orders such that
each depiction appeared at least four times in each position within the
array. The order in which the faces were judged was random.

Results

The results of each task are presented in the order in which they
were carried out: training, face identification, and best likeness
judgments.

Training. For the familiar faces, none of the participants
needed more than two training blocks to reach the criterion (i.e.,
correctly naming the three faces twice in a row). For the unfamiliar
faces, an ANOVA was carried out on the mean number of training
blocks needed to reach the criterion of naming all the faces, with
age (6 years, 8 years, 10 years, adult) as a between-subjects factor.
The ANOVA revealed a main effect of age, F(3, 119) � 36.64,
p � .001; the 6-year-olds required more training blocks on average
(M � 2.6) than did the 8- and 10-year-olds and the adults
(Ms � 2.05, 2.06, and 2.02, respectively). Tukey’s post hoc tests
revealed significant differences between the 6-year-olds and the
other age groups ( ps � .01); none of the other age groups differed
significantly from each other.

Identification accuracy. The overall error rate was less
than 1.6% for all age groups. On trials in which an error was
recorded, virtually all of them (91.2%) occurred when the vocal
response did not trigger the microphone. Because there were so
few misidentifications, no further analyses of identification accu-
racy are reported here.

Identification speed. A preliminary ANOVA was conducted
on the mean correct RTs to examine the effects of age and gender
of the facial stimuli (within-subject factors) and the participant’s
gender (between-subjects factor). None of these factors reached
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significance (Fs � 1), nor did these factors interact. Hence, the
correct RTs were combined over these factors in subsequent
analyses.

The mean correct RTs of each participant were computed for
each caricature level as a function of familiarity.3 The mean RTs
averaged over participants are presented in Figure 5. The RTs were
analyzed in a three-way ANOVA, with age (6 years, 8 years, 10
years, adult) as a between-subjects factor and caricature level
(–36%, –18%, 0%, 18%, 36%) and familiarity (familiar or unfa-
miliar) as within-subject factors.

The main effect of age was significant, F(3, 119) � 58.23, p �
.0001. Pairwise comparisons showed that the 6-year-olds were
slower than all other age groups (M � 918 ms) and that the adults
(M � 704 ms) were significantly faster than the 8-year-olds (M �
765 ms) but not the 10-year-olds (M � 734 ms), Tukey’s HSD
tests, ps � .05. None of the other differences between the age
groups were significant. The main effect of familiarity was also
significant, F(1, 119) � 387.78, p � .0001, indicating that familiar
faces were named faster than unfamiliar faces (716 ms vs. 837 ms).

Finally, the main effect of caricature level was significant, F(4,
476) � 35.58, p � .0001. Pairwise comparisons showed that the
36% caricature was named significantly faster than the 0%, –18%,
and –36% depictions; that the 18% caricature was named faster
than the –18% and –36% anticaricatures; and that the 0% depiction
was recognized faster than the –36% anticaricature (Tukey’s HSD
tests, ps � .05). None of the other depictions differed significantly
from each other.

The main question asked in this experiment was whether or not
children, like adults, would show caricature effects in recognition,
so the interactions that address this question are described first.
The analysis indicated that neither the Age � Caricature Level
interaction, F(12, 476) � 1.24, p � .3, nor the Age � Caricature
Level � Familiarity interaction, F � 1, was significant. The
absence of interactions involving both age and caricature level
provides no evidence that caricature level affected some age
groups differently than others.

The only interaction that was significant was the Age � Famil-
iarity interaction, F(3, 119) � 18.22, p � .0001. These data are
presented in Table 2. Post hoc pairwise comparisons for the
familiar faces indicated that the 6-year-olds were significantly
different from the other age groups; for the unfamiliar faces, all of
the age groups were significantly different from each other except
for the 8-year-olds and the 10-year-olds (Tukey’s HSD tests, all
ps � .01). None of the other age groups differed significantly from
each other. As shown in Table 2, the difference between naming
familiar and unfamiliar faces decreased with increasing age; this
difference was largest for the 6-year-olds (192 ms), followed by
the 8-year-olds (124 ms), the 10-year-olds (114 ms), and the adults
(65 ms). As shown in Table 2, however, this decrease was due
mainly to a marked improvement in naming speed for unfamiliar
faces with age.

Best likeness judgments. The frequency with which each car-
icature level was selected as the best likeness was averaged across
all stimulus faces and over all participants for the four age groups
as a function of familiarity. These frequencies, expressed as mean
percentages of selection for each caricature level, are presented in
Figure 6.

We calculated the MCLs of the depictions chosen as the best
likeness by each age group. A preliminary ANOVA indicated that
there was no difference between the MCL values as a function of
age or gender of the facial stimuli and that these factors did not
interact with any other factors (all Fs � 1); therefore, the MCL
values were combined over these factors in subsequent analyses.
The MCLs for the best likeness task are shown in Figure 7. For the
children, a positive MCL was obtained for the familiar faces
(6-year-olds, MCL � 3.41%, SE � 2.06%; 8-year-olds,
MCL � 15.66%, SE � 0.99%; 10-year-olds, MCL � 8.89%,
SE � 1.26%). For familiar faces, the adults showed a negative
MCL value (adults, MCL � –2.83%, SE � 1.36%). By contrast, a
negative MCL was found for unfamiliar faces for all age groups
(6-year-olds, MCL � –3.27%, SE � 1.71%; 8-year-olds, MCL �
– 8.47%, SE � 1.94%; 10-year-olds, MCL � –9.62%,
SE � 1.47%; adults, MCL � –3.31%, SE � 1.58%). The MCLs
were analyzed in a three-way ANOVA, with age (6 years, 8
years, 10 years, adult) as a between-subjects factor and caricature
level (–36%, –18%, 0%, 18%, 36%) and familiarity (familiar or
unfamiliar) as repeated within-subject factors. The main effect of
age was significant, F(3, 119) � 5.33, p � .01 (the MCLs of the
8-year-olds were significantly larger than those of the adults ac-
cording to Tukey’s pairwise comparisons, p � .05; none of the
other groups differed significantly from each other). The main

3 The same pattern of significant results reported in this section was also
obtained when the median scores and a log transform of the median scores
were used.

Figure 5. Mean correct response times as a function of familiarity and
caricature level for the 6-, 8-, and 10-year-olds and the adults in Experi-
ment 2.
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effect of familiarity was also significant, F(1, 119) � 156.18, p �
.0001, suggesting that a caricature was preferred for familiar faces
(M � 5.93%), whereas an anticaricature was preferred for unfa-
miliar faces (M � –6.0%).4 Finally, the Age � Familiarity inter-
action was significant, F(3, 119) � 31.61, p � .0001.

For the sake of clarity, separate ANOVAs on the MCLs of each
age group were carried out to further examine the Age � Famil-
iarity interaction. For each age group, the null hypothesis was that
the MCLs for familiar faces would not be different from the MCLs
for unfamiliar faces. In addition, a priori t tests were carried out to
test the null hypothesis that varying the distinctiveness of the face
would have no effect on best likeness judgments of the face. Under
this hypothesis, participants’ MCLs would not be different from an
expected MCL of 0%; that is, there would be no difference from
the veridical.

For the children, the main effect of familiarity was significant:
6-year-olds, F(1, 28) � 9.53, p � .01; 8-year-olds, F(1, 31) �
119.35, p � .0001; 10-year-olds, F(1, 25) � 74.59, p � .0001. As
suggested by the selection frequency data in Figure 6, the positive
MCL values for the familiar faces seem to be due to an overall
preference for the caricatures; conversely, the negative MCL val-
ues for the unfamiliar faces seem to be due to an overall preference
for the anticaricatures. The planned contrasts indicated that the
MCLs were significantly different from zero for the older children:
8-year-olds, t(31) � 15.85, p � .001 for familiar faces and t(31) �
–4.37, p � .001 for unfamiliar faces; 10-year-olds, t(25) � 7.04,
p � .001 for familiar faces and t(25) � –6.54, p � .001 for
unfamiliar faces (all are according to two-tailed tests). For the
6-year-olds, the MCLs were in the same direction as those for the
older children, but they were not significantly different from zero:
t(28) � 1.7, p � .1 for familiar faces, and t(28) � –1.92, p � .1
for unfamiliar faces.

For the adults, the main effect of familiarity was not significant,
F(1, 35) � 4.01, p � .1. Moreover, the planned contrasts indicated
that the adult MCLs were marginally significantly different from
0%: t(35) � –2.08, .05 � p � .1 for familiar faces, and t(35) �
–2.1, .05 � p � .1 for unfamiliar faces (all are according to
two-tailed tests). For the adults, as suggested by the mean selection
frequency data in Figure 6, the slightly negative MCLs for familiar
and unfamiliar faces were due to an outright preference for the
veridical depiction, combined with a preference for the –18%
anticaricature over the 18% caricature.

4 These overall MCLs included data from the adult participants. To
anticipate Experiment 3, the strategy used by the adults to select best
likeness may have underestimated these values. When the adult data were
excluded, the MCLs for the children alone were 9.55% and –7.08% for the
familiar and unfamiliar faces, respectively.

Table 2
Means and Standard Errors of Correct Response Times
(in Milliseconds) for Familiar and Unfamiliar Faces

Age Familiar faces Unfamiliar faces Difference

6 years
M 822 1,014 192
SE 8.40 8.59

8 years
M 703 827 124
SE 5.50 6.82

10 years
M 677 791 114
SE 6.27 8.61

Adults
M 672 737 65
SE 5.92 5.85

Figure 6. Mean selection frequency (expressed as a percentage) as a
function of age and familiarity for best likeness judgments in Experiment 2.
Error bars depict the standard error of the mean. In the graphs, a 20%
selection frequency represents chance selection.

Figure 7. Mean caricature level (MCL) of best likeness judgment as a
function of age and familiarity in Experiment 2. Error bars depict the
standard error of the MCL. In the graph, an MCL of 0% represents chance
selection.
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Discussion

The results of the identification task indicated a caricature
advantage (one of the pairwise comparisons showed that the 36%
caricature was recognized significantly faster than the veridical
depiction) as well as an anticaricature disadvantage (one of the
pairwise comparisons showed that the –36% anticaricature was
recognized significantly more slowly than the veridical depiction).
Thus, the manipulation of caricature level affected naming speed:
Increasing the distinctiveness of a face increased naming speed,
whereas reducing the distinctiveness of a face (i.e., making it more
similar to the central tendency of faces) made face recognition
slower.5

The best likeness task also provided evidence of the superiority
of caricatures. For the children, the MCL of the image chosen as
the best likeness for familiar faces was a positive value. Further-
more, the 8- and 10-year-olds (but not the 6-year-olds) showed a
caricature advantage for best likeness judgments in which the
positive MCL was significantly different from 0%. These results
show the same trend as the pilot results involving children’s best
likeness judgments that were reported in Ellis’s (1991) summary.
For the children in the present study, the MCL of the image chosen
as the best likeness for unfamiliar faces was a negative value. Only
the 8- and 10-year-olds (but not the 6-year-olds), however, showed
an anticaricature preference for unfamiliar faces in which the
negative MCL was significantly different from 0%. (These data
and possible explanations for the effect are discussed later.) Fi-
nally, it should be noted that for the 6-year-olds, the best likeness
data (see Figure 6) show a different pattern of selection compared
with the data from the distinctiveness task (Experiment 1; see
Figure 4) even though we used similar procedures, but entirely
different instructions, for the two tasks. This finding suggests that
during the two tasks, the 6-year-olds were neither simply respond-
ing randomly nor showing a bias to respond in a certain way
regardless of the instructions.

In contrast to the children, adults showed a preference for the
veridical depictions as the best likeness for both familiar and
unfamiliar faces. Our next experiment, motivated partly by our
adult participants’ feedback, explored whether the presentation of
the depictions in an array played a role in this discrepancy. Several
adult participants told the experimenter that they selected the best
likeness through a process of elimination. They first scanned the
set of five depictions and eliminated the two extremes (the 36%
and –36% depictions). They then eliminated the next two extremes
(the 18% and –18% depictions), which allowed them to effectively
target the veridical depiction. As previously noted, the findings
from Experiment 1 indicated that the adults and the older children
could easily pick the extreme depictions when selecting the “most
like” or “most different” depictions even when they had never seen
the faces before. Perhaps, then, we should not be surprised that an
elimination strategy may have been used to select the best likeness.
It should be pointed out that there is no evidence that this elimi-
nation strategy was used by the children given that they showed an
opposite pattern of bias in selecting caricatures and anticaricatures
for familiar and unfamiliar faces, respectively. Thus, in the next
experiment, only adults were tested.

Experiment 3

The purpose of this experiment was to examine adults’ best
likeness judgments under a different procedure; we specifically
tried to eliminate the conditions under which participants could use
a process of elimination to select the best likeness of an individ-
ual’s face. In this experiment, we asked adults who participated in
Experiment 2 to rate likeness on a 1–7 Likert-type scale when the
face depictions were presented one at a time on the computer
monitor.

Method

Participants. Twenty-five adults from the Department of Psychology
(mean age � 28 years 1 month) were tested; 21 had participated in
Experiment 2 about 11 weeks earlier. As before, all the participants were
Caucasian, and the proportions of men and women were approximately
equivalent.

Apparatus and procedure. The computer, monitor, software, and facial
stimuli were identical to those described previously.

At the beginning of a session, participants learned the actual names of
three faces in a block, according to the training procedure described in
Experiment 2. Immediately after learning the three names in a block,
participants made likeness ratings for a single face depiction as it was
shown on the monitor.

To guide participants’ likeness ratings, we read the following instruc-
tions:

Now, I’m going to put up some pictures of [John] on the screen, one
at a time. If you think that the picture is a good likeness of [John], then
you should make a mark near these numbers here [experimenter
pointed to the top]. If you think that the picture is a poor likeness of
[John], then you should make a mark near these numbers here [ex-
perimenter pointed to the bottom]. Please try to use the whole scale,
including the numbers in the middle, to tell me how good each picture
is of [John].

Occasionally during the trials, the instructions were repeated, along with a
reminder that there were no right or wrong answers and that the experi-
menter was simply interested in what participants thought of the faces. A
response to each face depiction was made on a 7-point scale in which 1
represented a poor likeness and 7 represented a good likeness. After a
response, another depiction was presented on the screen. The five depic-
tions of an individual were presented in a random order. Each set of
depictions of an individual’s face was presented twice before another
person’s face was presented. This was done to try and mitigate the
possibility that participants could keep track of which face depiction was
shown on any given trial. Participants were allowed to proceed through the
trials at their own pace.

Results and Discussion

No participant needed more than two training blocks to reach
the criterion (i.e., correctly naming the three faces twice in a row).
The mean likeness ratings averaged over participants as a function
of caricature level and familiarity are presented in Figure 8.

A three-way repeated measures ANOVA was carried out on the
mean ratings, with caricature level (–36%, –18%, 0%, 18%, 36%),

5 As Rhodes and Tremewan (1994) pointed out, “The stipulation that
caricatures and veridicals should both be better than anticaricatures ensures
that the equivalence of caricatures and veridicals is non-trivial (e.g., not
due to their being perceptually indistinguishable)” (p. 278).
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familiarity (familiar or unfamiliar), and presentation order (first or
second) as within-subject factors. The main effect of familiarity
was significant, F(1, 24) � 9.41, p � .01, indicating that familiar
faces received lower ratings than unfamiliar faces (3.96 vs. 4.23).
The main effect of presentation order was significant, F(1,
24) � 26.17, p � .0001, indicating that the ratings were higher on
the second presentation than the first (4.26 vs. 3.93). Finally, the
main effect of caricature level was also significant, F(4,
96) � 20.62, p � .0001. As can be seen in Figure 8, this was
entirely due to the low ratings for the –36% and 36% depictions.

The only interaction between the factors that was significant
was the Caricature Level � Familiarity interaction, F(4,
96) � 3.17, p � .05. For the familiar faces, Figure 8 shows that the
0% and 18% depictions received the highest ratings. Post hoc
pairwise comparisons indicated that the 36% caricature received
the lowest ratings and the –36% anticaricature received the next
lowest ratings, with each differing significantly from all other
caricature levels; the –18% depiction was rated lower than the 0%
and 18% depictions (ts ranged from –9.9 to 12.79, ps � .05; all are
according to two-tailed tests). The difference between the 0% and
18% depictions was not significant. In addition, a planned contrast
that was carried out to test the hypothesis that the caricatures
would be rated higher than the anticaricatures did not reach sig-
nificance (F � 1).

For the unfamiliar faces, Figure 8 shows that the 0% and –18%
depictions received the highest ratings. Post hoc pairwise compar-
isons indicated that the 36% caricature received the lowest ratings
and the –36% anticaricature received the next lowest ratings, with
each differing significantly from all other caricature levels; the
rating for the –18% anticaricature was not significantly different
from the ratings for the 18% or 0% depictions, but the 0%
depiction was rated higher than the 18% caricature (ts ranged from
–7.37 to 10.38, ps � .001; all are according to two-tailed tests).
Recall that an unexpected finding from the best likeness task of
Experiment 2 was that adult participants (and the other age groups)
selected an anticaricature (rather than a caricature) as the best
likeness of an unfamiliar face. This result was confirmed in Ex-
periment 3 by a planned contrast which showed that the anticari-

catures were rated higher than the caricatures, F(1, 96) � 10.42,
p � .01.

The present results do not provide support for the caricature-
trace hypothesis (the idea that face representations are caricatured
in long-term memory) because the veridical depictions for both
familiar and unfamiliar faces were given the highest ratings when
the best likeness of a face was assessed. Moreover, these results
are consistent with the interpretation that adult participants in
Experiment 2 used a process of elimination that allowed them to
target the veridical depiction. When the conditions for applying
this strategy were removed, an interaction between caricature level
and familiarity was found, similar to the pattern shown by the
children in Experiment 2.

General Discussion

In Experiment 1, participants selected anticaricatures when
asked to choose the face most like the ones they had seen before
and caricatures when asked to choose the face most different from
the ones they had seen before. These distinctiveness effects were
observed in participants of four age groups, but the size of the
effects varied with age: The youngest participants showed the
smallest distinctiveness effects, and the oldest participants showed
the largest effects.

The results of the identification task (Experiment 2) indicate that
all of the age groups recognized caricatures at least as quickly as
veridical depictions, and both of these were recognized faster than
anticaricatures. This result was found regardless of whether the
faces were personally familiar or newly learned. The results of the
best likeness task (which was also included in Experiment 2)
indicate that the 6-, 8-, and 10-year-olds, but not the adults,
preferred a caricature when the face was familiar and an anticari-
cature when the face was unfamiliar. Adults tended to pick the
veridical depiction as the best likeness regardless of familiarity.
The preference for the veridical depiction was confirmed when
adults were asked to rate the depictions for best likeness one at a
time (Experiment 3). Under these conditions, however, there was
evidence of a preference for caricatures over anticaricatures for
familiar faces (the 18% caricature was rated higher than the –18%
anticaricature), whereas for unfamiliar faces, there was evidence of
a preference for anticaricatures over caricatures (the overall ratings
for the anticaricatures were higher than the ratings for the
caricatures).

The present results may now be considered together with the
aim of arriving at the most parsimonious face-space model that
accounts for both the younger and older participants’ data. We
suggest that a model of face space in which the density of space
decreases as distance from the origin increases (Valentine, 1991)
can account for the present results. The model assumes that in a
recognition task, the observer is trying to access the target repre-
sentation among distractors in memory. According to this model,
the proximity of neighboring representations may determine the
efficiency of recognition. Thus, the presentation of anticaricatures
may result in high levels of distractor activation (due to anticari-
catures’ similarity to a large group of faces), which consequently
increases the likelihood of interference during speeded recogni-
tion. Conversely, accessing the target representation may be rela-
tively more efficient when the overall level of distractor activation
is low (there may be fewer neighbors in close proximity), which

Figure 8. Mean best likeness ratings as a function of caricature level in
Experiment 3. Error bars depict the standard error of the mean.
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may be the case when the stimulus (i.e., the veridical and carica-
tured depictions) is more distinctive than the anticaricature.

We favor a model of children’s face space that resembles the
adult space in organization but has fewer total exemplars in space,
reflecting the fact that children have seen a fewer number of faces
than have adults. This interpretation is supported by the two main
results of the present experiments. First, 6-year-old children
showed the same pattern of distinctiveness judgments as the older
age groups (in Experiment 1, the MCLs for most like and most
different judgments were significantly different from 0%). Second,
all of the age groups recognized caricatures at least as quickly as
veridical depictions, and caricature level did not interact with the
factors of age or familiarity.

Caricature effects are generally taken to indicate that distinc-
tiveness information in faces is encoded relative to a norm or
central tendency of faces. If there was a developmental change in
the processing of distinctiveness information when recognizing
familiar but not unfamiliar faces, then an interaction among age,
caricature level, and familiarity (Experiment 2) should have been
evident. This interaction was not significant (nor was the interac-
tion between age and caricature level). If we assume that the
presence of caricature effects may be an indicator of the use of
distinctive information in faces, then children as young as 6 years
of age seem to be able to code whatever is distinctive about a face,
though not to the same extent as older children and adults. Similar
conclusions have been reached by other researchers, who have
suggested that age-related differences in face recognition are due
to older participants being able to simultaneously encode more
features than young children (e.g., Pedelty et al., 1985; Winograd,
1981) or to the fact that older participants can encode a greater
amount of facial information in a shorter amount of time than can
younger children (e.g., Ellis & Flin, 1990).

The idea that an internal norm is constructed and plays a role in
recognition is certainly not novel and is supported by the results of
numerous category formation studies using both abstract stimuli,
such as well-learned dot patterns (Posner & Keele, 1968), and
schematic faces in research on adults (Reed, 1972; Solso & Mc-
Carthy, 1981) and on 10-month-old infants (Strauss, 1979). There
is evidence that children as young as age 6 may be able to abstract
a prototype from the configuration of well-learned dot patterns and
to classify novel dot patterns in relation to the prototypical pattern
(Diamond & Carey, 1990). With regard to facial stimuli, Walton
and Bower (1993) found, using a preferential operant-sucking
procedure, that newborns 8 to 72 hours old preferred to look at a
composite (prototype) of previously seen faces rather than at a
composite of unseen faces. Taken together, these results provide
evidence that a general ability to encode patterns of a shared
configuration is already present in early childhood.

By considering the role of a norm or central tendency of faces
in the face space, we may be able to provide some account for the
unexpected finding of an anticaricature preference for best likeness
judgments when faces were unfamiliar (data from 8- and 10-year-
olds in Experiment 2; moreover, the 6-year-olds also showed a
trend in this direction). Compared with how one learns faces in
everyday life, our training procedure may be adequate for the
purposes of speeded identification, but it clearly does not provide
the same level of experience for all of the possible variations (i.e.,
in expression, pose, hairstyle, etc.) that a face might have when
seen in everyday life. We suggest that an anticaricature preference

may represent a regression to the norm, and in this context, such
biases may be interpreted by appealing to general models of
categorization. A model by Huttenlocher, Hedges, and Duncan
(1991) proposes that category information affects reports of par-
ticular experiences in adults and in young children (Huttenlocher,
Newcombe, & Sandberg, 1994). The model assumes that memory
is hierarchically organized and that information is stored at two
levels of detail: One is at a specific level that captures fine-grain
detail (e.g., distinctive properties of a single pose), and the other is
at a category level that contains global information about the
category (e.g., a norm or information about the central tendency of
faces). In addition, the model makes the reasonable assumption
that people’s memory for fine-grain values may be inexact. In the
present training procedure, learning a name from a single pose is
likely to engender a large degree of uncertainty about the face even
though the face can be accurately identified. At the heart of
Huttenlocher et al.’s (1991) model is the assumption that people
will use information about the category—in particular, knowledge
about the central or prototypical value of the category—when they
are asked to reconstruct a particular instance from memory. Thus,
even if memory itself is unbiased, people’s reports of the fine-grain
value may be systematically biased toward the central tendency of
the category. In this context, one speculation is that if the distinc-
tive properties of faces have to be encoded from a single pose, as
was the case in the present study, then participants may be more
likely to report as the best likeness a depiction that is closer to the
norm face (an anticaricature) than the veridical depiction. Adults,
in contrast to the younger participants, may have less uncertainty
at the specific level of representation for a newly encoded face and
thus may rely less on category information.

Research that has compared the attractiveness of averaged ver-
sus nonaveraged faces is also consistent with the idea of a regres-
sion to the norm. When a composite face is created by photograph-
ically averaging a set of individual faces, the composite is
generally regarded as being more attractive than the component
faces that make up the average. This result holds for adults
(Langlois & Roggman, 1990; Rubenstein, Langlois, Kalakanis, &
Larson, 1996) and is reflected by longer looking times for infants
as young as 6 months (Rubenstein, Kalakanis, & Langlois, 1999).
There also appears to be a negative correlation between caricature
level and perceived attractiveness regardless of whether the faces
are line drawn (Rhodes & Tremewan, 1996) or photographic
images (Rhodes et al., 1999). Thus, it may be that if the distinctive
properties of a face are encoded from a single pose, then partici-
pants’ judgments of best likeness may be disproportionately influ-
enced by the inherent (but artificial) attractiveness of anticarica-
tures. In contrast, if the face is familiar and the representation
contains more stable or more complete information about the
distinctive properties of faces, or if the representation is exagger-
ated in memory (e.g., the caricature-trace model proposed by
Rhodes, 1996), then participants may be better able to ignore the
influence of attractiveness and focus on the distinctive properties
of the image.

We interpret the present results as evidence that faces are
encoded in relation to a norm or central tendency of faces. It seems
that 6-year-olds may be able to use this type of information,
although they may not be as proficient at using it as older partic-
ipants. Within the MDFS framework, we speculate that as children
grow, there may be an increasing ability to extract a norm from a
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range of experienced exemplars, in particular, a norm based on
more information from a range of different faces. Perhaps this
point may be exemplified in the recognition of unfamiliar faces of
another race (although it should also apply to other classes of
homogeneous stimuli with which we are less familiar). Even adults
perform more poorly at recognizing unfamiliar other-race faces
than same-race faces (e.g., Valentine & Endo, 1992). This may be
because they have not yet fully acquired the specific information
about patterns of facial variations in other-race faces or perhaps
because a highly detailed norm has not been fully fleshed out.
Young children may perform more poorly on same-race recogni-
tion tasks for similar reasons.

The interpretation of child face space offered here is that face
recognition develops quantitatively in the sense that the number of
faces in face space increases as children experience more faces.
This view differs slightly from an influential theory of how face
recognition develops in young children that is known as the
“encoding shift” theory (Carey, 1982). According to this theory,
children go through a qualitative transition between the ages of 6
and 10 years, from encoding featural information (i.e., local ele-
ments of a face that can be specified independently, such as a scar
or mustache) to encoding configural information (i.e., the so-called
second-order spatial relations, such as ratios of distances between
the features and the global shape of the face). In the present study,
we found that children as young as 6 years of age found caricatures
to be highly effective depictions of faces, although the reason for
this finding is difficult to disentangle vis-à-vis the featural–
configural question. It may be that children show a caricature
effect because caricatures emphasize the configural information
that they should be attending to and that adults seem to attend to
in noncaricatured faces. Another possibility is that caricatures
emphasize the distinctive features that young children use for face
recognition (e.g., Carey & Diamond, 1977). In any case, carica-
tured depictions seem to be effective as early as age 6, which
suggests that adultlike expertise is not necessary to make use of the
distinctiveness information emphasized in caricatures (see also
Rhodes & Tremewan, 1994).

We are then left with the question of what might underlie the
better overall level of performance at recognizing faces shown by
older participants. As young children experience more faces, they
become more proficient at attending to and extracting information
that is potentially distinctive about an individual’s face in relation
to a norm or central tendency of faces. In this way, it may be
worthwhile to use the caricature-generation process as a heuristic:
Improvements in face recognition may be schematized by having
more points outline particular parts of the face, by having more
parts of the face outlined, by having the outline trace the contours
of the face in a much more accurate way, and/or by having a stable
norm. All of these factors would result in the distinctiveness
information in a face being represented with a greater degree of
accuracy. The central idea here is that young children already have
the facility to encode distinctiveness information in relation to a
norm or central tendency. Perhaps, however, it is only with an
increasing ability to take into account more facial information that
there are improvements in their model of face space, particularly in
relation to the distribution of representations in face space. We
suggest that the process by which faces are encoded in relation to
normative information improves throughout childhood. Sensitivity

to distinctiveness in the form of caricatures is one way of indexing
this improvement.
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