
 

PSYCHOLOGICAL SCIENCE

 

Research Article

 

558

 

Copyright © 2003 American Psychological Society VOL. 14, NO. 6, NOVEMBER 2003

 

FITTING THE MIND TO THE WORLD:
Face Adaptation and Attractiveness Aftereffects

 

Gillian Rhodes,

 

1

 

 Linda Jeffery,

 

1

 

 Tamara L. Watson,

 

2

 

 Colin W.G. Clifford,

 

2

 

and Ken Nakayama

 

3

 

1

 

University of Western Australia, Perth, Australia; 

 

2

 

Sydney University, Sydney, Australia; and 

 

3

 

Harvard University

 

Abstract—

 

Average faces are attractive, but what is average depends

 

on experience. We examined the effect of brief exposure to consistent
facial distortions on what looks normal (average) and what looks at-
tractive. Adaptation to a consistent distortion shifted what looked most
normal, and what looked most attractive, toward that distortion. These
normality and attractiveness aftereffects occurred when the adapting
and test faces differed in orientation by 90

 

�

 

 (

 

�

 

45

 

�

 

 vs. 

 

�

 

45

 

�

 

), suggest-
ing adaptation of high-level neurons whose coding is not strictly retino-
topic. Our results suggest that perceptual adaptation can rapidly re-
calibrate people’s preferences to fit the faces they see. The results
also suggest that average faces are attractive because of their central
location in a distribution of faces (i.e., prototypicality), rather than be-
cause of any intrinsic appeal of particular physical characteristics.
Recalibration of preferences may have important consequences,
given the powerful effects of perceived attractiveness on person per-
ception, mate choice, social interactions, and social outcomes for indi-

 

viduals.

 

Visual aftereffects are called the psychologist’s microelectrode be-
cause they can reveal mechanisms underlying visual experience (Frisby,
1979). A classic aftereffect is the waterfall illusion, in which stationary
objects appear to move upward after the observer views a downward-
flowing waterfall. Similar aftereffects follow adaptation to many sim-
ple, low-level visual attributes—orientation, spatial frequency, contrast,
size, color, texture, and simple shape (e.g., Clifford, 2002; Durgin &
Proffitt, 1996; Frisby, 1979; Suzuki & Cavanagh, 1998). Functionally,
adaptation calibrates neural coding mechanisms to the range of stimu-
lus values encountered (Barlow, 1972; Clifford, Wenderoth, & Spehar,
2000; Smirnakis, Berry, Warland, Bialek, & Meister, 1997).

Recently, aftereffects have been found for complex stimuli, such
as faces (Hurlbert, 2001; Kaping, Bilson, & Webster, 2002; Leopold,
O’Toole, Vetter, & Blanz, 2001; MacLin & Webster, 2001; Webster &
MacLin, 1999). Adaptation to systematically distorted faces makes subse-
quently viewed faces look distorted in the opposite direction (Webster &
MacLin, 1999), adaptation to a particular identity can cause an average
face to take on the “opposite” identity (Leopold et al., 2001), and
adaptation to a particular expression, race, or gender can cause a pre-
viously neutral image to take on the contrasting value (happy-angry,
Caucasian-Japanese, male-female; Kaping et al., 2002).

Here we consider how adaptation and aftereffects can reveal mech-
anisms underlying aesthetic responses to faces. The question of what
makes a face attractive is currently the subject of a lively debate. What
standards of beauty do people have, and what sets those standards?

Traits that contribute to attractiveness include symmetry, youthfulness,
sexual dimorphism, and averageness (Rhodes & Zebrowitz, 2002). Per-
haps the most surprising and contentious of these is averageness. The
original report that computer-averaged composites were more attrac-
tive than their component faces (Langlois & Roggman, 1990) met con-
siderable resistance. Perhaps their appeal was due to some associated
characteristic, such as smooth complexions, symmetry, or pleasant
expressions (Alley & Cunningham, 1991; Pittenger, 1991; Rhodes,
Sumich, & Byatt, 1999). Subsequent studies have shown that these
characteristics are attractive, but that averageness remains attractive
when each is controlled (Rhodes & Tremewan, 1996; Rhodes et al.,
1999). Certain extremes can also be slightly more attractive than aver-
age traits (e.g., large eyes—McArthur & Berry, 1987; feminized
female faces—Perrett, May, & Yoshikawa, 1994; Perrett et al., 1998;
Rhodes, Hickford, & Jeffery, 2000). However, this does not alter the
fact that average faces are attractive or reduce the need to understand
the basis of their appeal. 

The average face can be thought of as occupying a central location
in a multidimensional face-space, whose dimensions correspond to the
characteristics people use to mentally represent faces (Valentine, 1991).

 

1

 

The precise characteristics of the average face will, of course, depend on
the population of faces that a person experiences. An average Western
male face has characteristics different from those of an average Chinese
male face. However, little is known about how experience shapes pref-
erences. Perhaps early experience is heavily weighted, with a critical pe-
riod for learning about faces (Le Grand, Mondloch, Maurer, & Brent,
2001; Perrett et al., 2002). Perhaps recent experience is heavily weighted,
to ensure a rapid response to any changes in the population. Perhaps dis-
tinct mechanisms exist to track short-term and longer-term changes in
population structure. 

Here we consider perceptual adaptation as a possible mechanism
for rapid updating of what looks average and what looks attractive. A
few minutes of exposure to consistently distorted faces can make sub-
sequently viewed faces appear distorted in the opposite direction, so that
faces with a low level of the adapting distortion look more normal than
undistorted faces (O’Leary & McMahon, 1991; Webster & MacLin,
1999). Limited experience may, therefore, suffice to renormalize face-
space, shifting the average toward a consistently experienced distor-
tion. If averageness is attractive, then there should be a corresponding
shift in what looks attractive (see also MacLin & Webster, 2001). Cor-
responding aftereffects for normality and attractiveness would indicate
that people’s preferences can be rapidly calibrated to match whatever
physical characteristics are typical of the population of faces that they
see. Such shifts would also show that average faces are attractive be-
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1. Male and female faces differ structurally, so we assume a distinct face-
space for each sex. An “average face” refers to the average for one sex.
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cause of their central location in a distribution of faces (i.e., their pro-
totypicality), rather than because of any intrinsic appeal of particular
characteristics, because those characteristics would become less at-
tractive when they became less prototypical. We sought evidence for cor-
responding aftereffects in the perception of normality and attractiveness
in two experiments. 

We were also interested in whether these aftereffects reflect adapta-
tion of high-level neural mechanisms, which code object properties like
shape or configuration independent of size and position, or whether they
result solely from adaptation of low-level mechanisms, which code sim-
ple image properties like orientation, spatial frequency, and contrast in
retinotopic maps. Low-level aftereffects would not be robust to varia-
tions in viewpoint that characterize everyday perception of faces. Sev-
eral lines of evidence suggest that adaptation of high-level, nonretinotopic
mechanisms may contribute to face aftereffects. First, face normality af-
tereffects show a degree of size invariance (Zhao & Chubb, 2001), and
face identity aftereffects show position invariance (Leopold et al., 2001),
unlike low-level aftereffects. Second, when adapting and test faces differ
in orientation (45� counterclockwise vs. 45� clockwise), the axis of
perceived distortion changes with the orientation of the face, implicat-
ing high-level, object-based coding mechanisms (Watson & Clifford,
in press). Third, exposure to undistorted faces fails to produce an af-
tereffect, whereas low-level aftereffects can occur following exposure
to any feature value (Webster & MacLin, 1999). In Experiment 2, we
investigated whether adaptation of high-level processing mechanisms
contributes to face normality and attractiveness aftereffects, by pre-
senting adapting and test faces in different orientations (�45� vs.
�45�—faces in both these orientations engage face-processing mech-
anisms; Murray, Yong, & Rhodes, 2000).

 

EXPERIMENT 1 

 

We examined whether exposure to consistently distorted faces shifts
the most attractive image toward the adapting distortion, and whether
this change reflects a change in what looks normal (average). The adapt-
ing faces had central features that were either expanded from the center
of the face or compressed into the center of the face (varied between
participants). Perceptions of attractiveness were assessed before and
after 5 min of exposure to each distortion. Test faces were taken from
10 morphed continua, each containing 11 images that varied in equal
steps from the compressed adapting distortion (�50%) to the expanded
adapting distortion (�50%), with the original undistorted face (0%) in
the middle (see Fig. 1). The 110 images were presented singly in ran-
dom order, alternating with adapting faces so that adaptation would be
maintained, and rated for attractiveness. We used these ratings to test
whether the most attractive distortion level shifted toward the adapting
distortion. Additional participants rated how normal the images looked,

before and after adaptation, so that we could determine whether the shifts
in attractiveness reflected shifts in what looked normal or average.
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Method

 

Participants

 

Forty-eight undergraduates from the University of Western Austra-
lia participated (24 female). Half adapted to compressed and half to
expanded distortions. Within each group, half rated how normal the
test faces looked and half rated how attractive they looked (12 partici-
pants per condition, 6 female). 

 

Stimuli

 

Twenty black-and-white, full-face photographs of young adult fe-
males with neutral expressions were used. Ten were used in the adapt-
ing phase, and 10 were used in the test phase. For each face in the
adapting set, we created two distortions using the spherize distort func-
tion in Adobe Photoshop: a �50% distortion, which compressed the
center of the face, producing the appearance of a face in a concave
mirror, and a �50% distortion, which expanded the center of the face,
producing the appearance of a face in a convex mirror (see Fig. 1). For
each face in the test set, we created 11 images that varied systemati-
cally in distortion level, by setting the spherize function to the follow-
ing levels: �50, �40, �30, �20, �10, 0, 10, 20, 30, 40, and 50. All
images were shown in black oval masks, which hid the outer hairline,
but not the inner hairline or face outline. Images measured 217 � 285
pixels, displayed at 72 pixels per inch. A full set of images for one face
is shown in Figure 1.

 

Procedure

 

All participants began with a 

 

preadaptation rating phase

 

, in which
the 110 test faces were presented in random order and rated on attrac-
tiveness or normality (1 

 

�

 

 

 

unattractive

 

, 9 

 

�

 

 

 

attractive

 

; 1 

 

�

 

 

 

unusual

 

, 9 

 

�

 

normal

 

) using the numerical keypad. They were asked to try and use
the full range of the scale. Each face was shown for 1,500 ms, followed
by the appropriate rating scale. Once a rating was made, the next face
was displayed. 

This phase was followed by the adaptation phase, in which partic-
ipants adapted to either positive (expanded) or negative (compressed)
distortions of the 10 adapting faces, which were repeatedly displayed
in random order for a total of 5 min. Faces were shown for 4 s each,

 

2. Judgments of averageness or normality covary with computer-imaging
manipulations of averageness (Rhodes et al., 1999).

Fig. 1. A set of test images for one face in Experiment 1. Distortion levels change in 10% steps (from �50% to
�50%); the most extreme compressed (negative) distortion is on the left, the undistorted face is in the middle, and the
most extreme expanded (positive) distortion is on the right. 
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with an interstimulus interval of 200 ms. Participants were asked to
pay attention to each image. 

Next came the 

 

postadaptation rating phase

 

, in which the 110 test
images were rated for attractiveness or normality. So that adaptation
would be maintained, adapting faces alternated with test faces, which
were presented in a rectangular box with “rate” written at the top and
bottom. The sequence was as follows: adapting face (randomly cho-
sen) for 8 s, blank screen for 500 ms, test face (randomly chosen) for
1.5 s. As in the preadaptation phase, the appropriate rating scale was
displayed after each test image and remained on the screen until a re-
sponse was made. To make the pre- and postadaptation rating phases
as similar as possible, we presented all faces in the “rate” box in the
preadaptation phase. Participants viewed the faces from a distance of
50 cm, for a visual angle of 8.6�

 

Results and Discussion

 

Figures 2 and 3

 

 

 

show mean ratings of attractiveness and normality,
respectively, as a function of distortion level, before and after adapta-
tion, averaged across participants. Clearly, the most attractive and most

normal-looking images shifted toward the adapting distortion. Third-
order polynomials were fitted to each participant’s data and used to es-
timate the distortion level of the most attractive and most normal faces.
One attractiveness rater was excluded because of poor fits (R

 

2

 

 

 

�

 

 .19
before adapting and .39 after adapting). Otherwise, fits were good (at-
tractiveness: mean 

 

R

 

2

 

 

 

�

 

 .83, minimum 

 

R

 

2

 

 

 

�

 

 .42; normality: mean 

 

R

 

2

 

 

 

�

 

.88, minimum 

 

R

 

2

 

 

 

�

 

 .60).
We conducted two-way analyses of variance (ANOVAs) on the

mean distortion levels of the most attractive and most normal faces. In
each ANOVA, adapting condition (positive, negative) was a between-
participants factor and test time (preadaptation, postadaptation) was a
repeated measures factor. As expected, the most attractive face shifted
toward the adapting distortion (see Fig. 4). The interaction was signif-
icant, F(1, 21) � 144.26, p � .0001, and planned comparisons showed
significant shifts following adaptation to both expanded (positive) dis-
tortions, t(21) � 8.35, p � .0005 (one-tailed), and compressed (nega-
tive) distortions, t(21) � 8.64, p � .0005 (one-tailed). The most normal-

Fig. 2. Mean attractiveness as a function of distortion level, before
and after adaptation to negative (compressed; top graph) and positive
(expanded; bottom graph) distortions in Experiment 1. Ratings were
made on a scale from 1, unattractive, to 9, attractive. Fitted third-
order polynomials are shown.

Fig. 3. Mean normality as a function of distortion level, before and af-
ter adaptation to negative (compressed; top graph) and positive (ex-
panded; bottom graph) distortions in Experiment 1. Ratings were made
on a scale from 1, unusual, to 9, normal. Fitted third-order polynomials
are shown.
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looking face also shifted toward the adapting distortion (see Fig. 4). The
interaction was significant, 

 

F

 

(1, 21) 

 

�

 

 37.24, 

 

p

 

 

 

�

 

 .0001, and planned
comparisons showed significant shifts following adaptation to both
expanded distortions, t(22) � 4.55, p � .0005 (one-tailed), and com-
pressed distortions, t(22) � 4.08, p � .0005 (one-tailed). 

Before adaptation, the distortion level that looked most normal was
rated as most attractive, consistent with the hypothesis that average-
ness is attractive. After exposure to consistently distorted faces, new
physical characteristics looked normal-average and were preferred.
Therefore, the visual system may recalibrate rapidly in response to

consistent changes in the faces people experience, so that preferences
are tuned to whatever physical characteristics are prototypical.

 

EXPERIMENT 2

 

In Experiment 1, we found that exposure to systematically distorted
faces produces corresponding changes in what looks average and what
looks attractive. Next, we examined whether adaptation of high-level,
object-based mechanisms contributes to these aftereffects. If they do,
then similar effects should be observed when adapting and test faces

Fig. 4. Distortion chosen as most attractive (top) and most normal (bottom) before and after
adapting to negative (compressed) and positive (expanded) distortions in Experiment 1.
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have different orientations, with their features occupying different ret-
inal locations. We showed adapting faces tilted 45

 

�

 

 (clockwise or coun-
terclockwise) and test faces tilted 45

 

�

 

 in the opposite orientation. Faces
at these orientations engage normal face-processing mechanisms (Mur-
ray et al., 2000). We used adapting distortions different from those in
Experiment 1, with central features expanded or contracted horizon-
tally rather than concentrically, to enable this manipulation and to show
that the aftereffects are not limited to one kind of distortion. We ex-
pected that exposure to distorted faces would shift what looked normal
and what looked attractive toward the adapting distortion despite the
change in orientation. 

 

Method

 

Participants

 

Forty undergraduates from the University of Western Australia and
Macquarie University participated (28 female). Half adapted to later-
ally compressed distortions (14 female) and half to laterally expanded
distortions. Within each group, half rated attractiveness and half rated
normality. 

 

Stimuli 

 

The faces from Experiment 1 were used, but with a different distor-
tion. Internal features of the adapting faces were compressed or expanded
laterally (�1, �1) (see Fig. 5), by contracting or expanding along a hori-
zontal axis relative to a midpoint on the nose. For example, for a face dis-
torted along the horizontal axis, the pixel intensity, I

 

D

 

, at location (

 

x

 

,

 

y

 

) in
the distorted image is given by sampling the undistorted image, 

 

I

 

0

 

, at
location 

 

x

 

�

 

, 

 

y

 

):

The value of 

 

x

 

�

 

 is given by

ID x,y( ) I 0 x′,y( ).=

x′ round x 1 α–( ) xc α⋅+⋅( ),=

where xC is the midpoint of the distortion and the function round de-
notes rounding to the nearest integer. The value of 	 is given by

where D controls the magnitude of the distortion and 
 determines its
spatial extent. Positive values of D correspond to widening the central
region of the face, negative values to narrowing it. When D is zero, the
image remains undistorted. A circular Gaussian envelope (
 � 30 pix-
els) limited the spatial extent of the distortion so that the outline of the
head did not change. For each face in the test set, we created 11 im-
ages, varying systematically in distortion level across the range from
�1 to �1 in steps of 0.2. The images were the same size as in Experi-
ment 1.

Procedure

The procedure was the same as in Experiment 1, except for changes
to shorten testing time. The exposure duration of adapting faces was re-
duced to 2 s, and the adaptation period was reduced to 1 min. During
adaptation, images were selected randomly (with replacement) from
the 10 adapting faces at the relevant distortion level. Two random or-
ders were used. Duration of test faces was reduced to 1 s, and duration
of alternating adapting faces was reduced to 6 s. Participants were in-
structed not to tilt their heads during adaptation, and were observed to
ensure compliance.

Results and Discussion

Figures 6 and 7 show mean ratings of attractiveness and normality,
respectively, as a function of distortion level, before and after adapta-
tion, averaged across participants. Clearly, the most normal and most
attractive images both shifted toward the adapting distortion, as in Ex-
periment 1. Third-order polynomials were fitted to each participant’s
data and used to estimate the distortion level of the most attractive or
most normal face, as appropriate. Fits were good (attractiveness: mean
R2 � .89, minimum R2 � .80; normality: mean R2 � .91, minimum
R2 � .53).

We conducted two-way ANOVAs on the mean distortion levels of
the most attractive and most normal faces. In each case, adapting con-
dition (negative, positive) was a between-participants factor and test
time (preadaptation, postadaptation) was a repeated measures factor.
As expected, the most attractive face shifted toward the adapting dis-
tortion (see Fig. 8). The interaction between adapting condition and
test time was significant, F(1, 18) � 39.20, p � .0001, and planned
comparisons showed significant shifts following adaptation to both
negative distortions, t(18) � 2.83, p � .01 (one-tailed), and positive
distortions, t(18) � 6.36, p � .0005 (one-tailed). The most normal
looking face also shifted toward the adapting distortion (see Fig. 8).
The interaction was significant, F(1, 18) � 58.22, p � .0001, and
planned comparisons showed significant shifts following adaptation to
both negative distortions, t(18) � 5.16, p � .0005 (one-tailed), and
positive distortions, t(18) � 5.27, p � .0005 (one-tailed). 

Initially, the optimally attractive distortion differed slightly from
the most normal-looking distortion (see Fig. 8). Nevertheless, adapta-
tion produced corresponding shifts in attractiveness and normality, as
in Experiment 1. The reduction of adaptation from 5 min to 1 min had
little effect on the aftereffects. This shows how quickly preferences
can be recalibrated by experience. The aftereffects survived changes in

α D
x xC

2–( ) y yC
2–( )+

2σ2
------------------------------------------------⎝ ⎠

⎛ ⎞–⎝ ⎠
⎛ ⎞exp ,⋅=

Fig. 5. Example of the adapting distortions used in Experiment 2.
Adapting faces were tilted 45� (clockwise or counterclockwise), and
test faces were tilted in the opposite direction. 
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retinal position (orientation) of adapting and test faces, indicating some
contribution of adaptation of high-level, nonretinotopically organized
coding mechanisms. 

GENERAL DISCUSSION

We found that brief exposure to configurally distorted faces caused
the face judged as most attractive to shift toward the adapting distor-
tion. This shift matched a shift in what looked normal, as predicted,
for all four types of distortion used (concentrically compressed or ex-
panded, laterally compressed or expanded). These results suggest that
perceptual adaptation can rapidly renormalize face-space3 to reflect

consistent changes in the faces people experience, and that prefer-
ences are calibrated to match whatever physical characteristics are
prototypical. The results also suggest that the appeal of average faces
reflects their central location in a distribution, rather than any intrinsic
appeal of particular physical characteristics (actual nose size, face
shape, etc.), because those physical characteristics become less attrac-
tive if they become less prototypical. 

The attractiveness aftereffect has two components. The first results
from adaptation to consistently distorted faces, which shifts the mean
of the face-space distribution toward the adapting distortion. The sec-
ond is a change in perceived facial attractiveness, which parallels the
shift in the mean. This aftereffect occurs because attractiveness judg-
ments are sensitive to the distribution of faces in face-space, favoring
average faces. The attractiveness aftereffect can alter which faces look
most attractive and can even reverse preferences. For example, before
adaptation to compressed faces, undistorted faces are preferred to
slightly compressed faces, but after adaptation, the preference reverses. 

Fig. 6. Mean attractiveness as a function of distortion level, before and after adaptation to
negative (laterally compressed; top graph) and positive (laterally expanded; bottom graph)
distortions in Experiment 2. Ratings were made on a scale from 1, unattractive, to 9, attrac-
tive. Fitted third-order polynomials are shown.

3. Whether this functional change reflects adaptation of face-specific neu-
rons or more general shape-coding mechanisms remains unclear—see the dis-
cussion later in this section.
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The mechanism of preference adjustment may be deceptively sim-
ple, in that to the perceiver the face that looks most normal after adap-
tation may look just like the face that looked most normal before
adaptation. Nevertheless, after adaptation, the physical characteristics
that look normal, and therefore attractive, have changed to reflect con-
sistent properties of recently seen faces. Despite the simplicity of the
mechanism, the functional consequences are likely to be far from triv-
ial. Attractiveness judgments have a powerful impact on person per-
ception, social interactions, and mate choice (Rhodes & Zebrowitz,
2002). Attractive individuals are favored in all these contexts, and
their social outcomes are enhanced. Retuning of preferences will,
therefore, change which individuals benefit from this positive treat-
ment. It may also make people vulnerable to media manipulation, so
that repeated exposure to a diet of similar faces depicting this year’s

“look” changes standards of beauty. The durability of these changes
remains to be determined.

The normality and attractiveness aftereffects occurred despite changes
of orientation (�45� vs. �45�) between study and test, indicating some
contribution of adaptation in high-level neurons, which are not retinotopi-
cally organized. Zhao and Chubb (2001) have reported that the face nor-
mality aftereffect survives changes in size, which also implicates high-
level neurons, because low-level neurons do not show size invariance.
Taken together, these results provide initial converging evidence for adap-
tation of high-level neurons. A systematic investigation of the relative con-
tributions of low- and high-level adaptation to these aftereffects will be an
important topic for future research.

Another important question for future research is whether or not
the high-level mechanisms that contribute to these aftereffects are face-

Fig. 7. Mean normality as a function of distortion level, before and after adaptation to negative (laterally
compressed; top graph) and positive (laterally expanded; bottom graph) distortions in Experiment 2. Rat-
ings were made on a scale from 1, unusual, to 9, normal. Fitted third-order polynomials are shown.
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specific (Farah, 1996; Kanwisher, 2000). Functional brain-imaging re-
sults, showing rapid habituation of responses in the human fusiform
face area to repeated faces (e.g., Gauthier et al., 2000), suggest that
adaptation of face-coding neurons can occur, but the behavioral evi-
dence is less clear. Webster and MacLin (1999) compared normality
aftereffects for upright and inverted faces, reasoning that if face-spe-
cific mechanisms are engaged, then the aftereffects should be larger
for upright than inverted faces because only the former engage face-
specific mechanisms. The aftereffects were very similar for upright
and inverted faces (cf. face identity aftereffects; Leopold et al., 2001).

These findings could be taken as evidence against adaptation of face-
specific mechanisms. However, recent functional magnetic resonance
imaging results show that inverted faces strongly activate the fusiform
face area (Haxby, Hoffman, & Gobbini, 2000), so these findings may
be compatible with adaptation of face-specific mechanisms. We con-
clude that adaptation of high-level coding mechanisms contributes to
face aftereffects, but that future research must determine whether these
mechanisms are face-specific or not.

It is well known that exposure increases liking (Bornstein, 1989;
Zajonc, 1968), and exposure to faces can increase their attractiveness

Fig. 8. Distortion chosen as most attractive (top) and most normal (bottom) before and
after adapting to negative (laterally compressed) and positive (laterally expanded) dis-
tortions in Experiment 2.
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(Rhodes, Halberstadt, & Brajkovich, 2001). The present study, which
used different faces in the adapting and test phases, shows that effects
of exposure can generalize to more abstract properties, such as a par-
ticular configural distortion. Similar generalization has been observed
for liking of grammatical forms (Gordon & Holyoak, 1983; Manza,
Zizak, & Reber, 1998). Most important, our results show that expo-
sure affects attractiveness across an entire continuum of distortions,
and that the shift in optimal attractiveness reflects a shift in what looks
most normal or average.

Our results suggest that prototypicality or averageness is attractive,
but why do people have such a preference? One possibility is that it is
evolutionarily adaptive (Thornhill & Gangestad, 1999). Facial average-
ness correlates with health during development (Rhodes, Zebrowitz, et
al., 2001), so that a preference for average faces could have enhanced
the reproductive success of human ancestors by helping them select
healthy mates. Such a preference might also have enhanced reproduc-
tive success by tuning preferences to local population characteristics,
which may be optimally adapted to local conditions (assuming limited
mobility), or simply by ensuring that an acceptable mate is found. A
preference for average faces could also be a by-product of more gen-
eral prototype-abstraction mechanisms used in recognition and catego-
rization (Rosch, 1973). Evidence that average exemplars are attractive
for many things other than potential mates (e.g., dogs, fish, birds, cars,
wristwatches) supports this view (Halberstadt & Rhodes, 2000, 2003). 

In conclusion, we suggest that perceptual adaptation may be a
mechanism by which face-space can be renormalized to reflect ongo-
ing changes in the faces experienced and preferences can be tuned to
match those characteristics. However, it is unlikely to be the only mech-
anism. Its power lies in its rapid response to change, but the effects may
be short-lived. Other calibration mechanisms may be needed to abstract
prototypes or averages over longer time frames. It can take a long time
to acquire expertise with a new population of faces (e.g., another race),
suggesting that longer-term mechanisms may also be operating. Future
research will need to identify these longer-term mechanisms and exam-
ine how they relate to and interact with the more rapid processes of per-
ceptual adaptation that fit the mind to the world. 

REFERENCES

Alley, T.R., & Cunningham, M.R. (1991). Averaged faces are attractive, but very attractive
faces are not average. Psychological Science, 2, 123–125. 

Barlow, H.B. (1972). Single units and sensation. Perception, 1, 371–394.
Bornstein, R.F. (1989). Exposure and affect: Overview and meta-analysis of research,

1968–1987. Psychological Bulletin, 106, 265–289.
Clifford, C.W.G. (2002). Adaptation-induced plasticity in perception: Motion parallels ori-

entation. Trends in Cognitive Sciences, 6, 136–143.
Clifford, C.W.G., Wenderoth, P., & Spehar, B. (2000). A functional angle on some after-

effects in cortical vision. Proceedings of the Royal Society of London, Series B, 267,
1705–1710.

Durgin, F.H., & Proffitt, D.R. (1996). Visual learning in the perception of texture: Simple
and contingent aftereffects of texture density. Spatial Vision, 9, 423–474.

Farah, M.J. (1996). Is face recognition special? Evidence from neuropsychology. Behav-
ioural Brain Research, 76, 181–189.

Frisby, J.P. (1979). Seeing: Illusion, brain and mind. Oxford, England: Oxford University
Press.

Gauthier, I., Tarr, M.J., Moylan, J., Skudlarski, P., Gore, J.C., & Anderson, A.W. (2000).
The fusiform “face area” is part of a network that processes faces at the individual
level. Journal of Cognitive Neuroscience, 12, 495–504.

Acknowledgments—This work was supported by the Australian Research
Council. We thank Anne Grossetete and Elizabeth Pellicano for assistance
with pilot work, Joel Pearson for assistance testing participants, and Jamin
Halberstadt for helpful discussions. 

Gordon, P.C., & Holyoak, K.J. (1983). Implicit learning and generalization of the “mere
exposure” effect. Journal of Personality and Social Psychology, 45, 492–500.

Halberstadt, J., & Rhodes, G. (2000). The attractiveness of nonface averages: Implications
for an evolutionary explanation of the attractiveness of average faces. Psychological
Science, 11, 285–289.

Halberstadt, J., & Rhodes, G. (2003). It’s not just the average face that’s attractive: The at-
tractiveness of averageness in computer-manipulated birds, fish and automobiles.
Psychonomic Bulletin & Review, 10, 149–156.

Haxby, J.V., Hoffman, E.A., & Gobbini, M.I. (2000). The distributed human neural system
for face perception. Trends in Cognitive Sciences, 4, 223–233. 

Hurlbert, A. (2001). Trading faces. Nature Neuroscience, 4, 3–5.
Kanwisher, N. (2000). Domain specificity in face perception. Nature Neuroscience, 3,

759–763.
Kaping, D., Bilson, A.C., & Webster, M.A. (2002, November). Adaptation and categorical

judgments of faces. Poster presented at the Object Perception and Memory Confer-
ence, Kansas City, MO.

Langlois, J.H., & Roggman, L.A. (1990). Attractive faces are only average. Psychological
Science, 1, 115–121.

Le Grand, R., Mondloch, C.J., Maurer, D., & Brent, H.P. (2001). Early visual experience
and face processing. Nature, 410, 890.

Leopold, D.A., O’Toole, A.J., Vetter, T., & Blanz, V. (2001). Prototype-referenced shape
encoding revealed by high-level aftereffects. Nature Neuroscience, 4, 89–94.

MacLin, O.H., & Webster, M.A. (2001). Influence of adaptation on the perception of dis-
tortions in natural images. Journal of Electronic Imaging, 10, 100–109.

Manza, L., Zizak, D., & Reber, A.S. (1998). Artificial grammar learning and the mere ex-
posure effect: Emotional preference tasks and the implicit learning process. In M.A.
Stadler & P.A. Frensch (Eds.), Handbook of implicit learning (pp. 201–222). Thou-
sand Oaks, CA: Sage. 

McArthur, L.Z., & Berry, D.S. (1987). Cross-cultural agreement in perceptions of baby-
faced adults. Journal of Cross-Cultural Psychology, 18, 165–192. 

Murray, J.E., Yong, E., & Rhodes, G. (2000). Revisiting the perception of upside-down
faces. Psychological Science, 11, 498–502.

O’Leary, A., & McMahon, M. (1991). Adaptation to form distortion of a familiar shape.
Perception & Psychophysics, 49, 328–332.

Perrett, D.I., Lee, K.J., Penton-Voak, I., Rowland, D., Yoshikawa, S., Burt, D.M., Henzi,
S.P., Castles, D., & Akamatsu, S. (1998). Effects of sexual dimorphism on facial at-
tractiveness. Nature, 394, 884–887.

Perrett, D.I., May, K.A., & Yoshikawa, S. (1994). Facial shape and judgements of female
attractiveness. Nature, 368, 239–242.

Perrett, D.I., Penton-Voak, I.S., Little, A.C., Tiddeman, B.P., Burt, D.M., Schmidt, N., Ox-
ley, R., & Barrett, L. (2002). Facial attractiveness judgements reflect learning of pa-
rental age characteristics. Proceedings of the Royal Society of London, Series B,
269, 873–880. 

Pittenger, J.B. (1991). On the difficulty of averaging faces: Comments on Langlois and
Roggman. Psychological Science, 2, 351–353.

Rhodes, G., Halberstadt, J., & Brajkovich, G. (2001). Generalization of mere exposure ef-
fects in social stimuli. Social Cognition, 19, 57–70.

Rhodes, G., Hickford, C., & Jeffery, L. (2000). Sex-typicality and attractiveness: Are su-
permale and superfemale faces super-attractive? British Journal of Psychology, 91,
125–140.

Rhodes, G., Sumich, A., & Byatt, G. (1999). Are average facial configurations attractive
only because of their symmetry? Psychological Science, 10, 52–58.

Rhodes, G., & Tremewan, T. (1996). Averageness, exaggeration, and facial attractiveness.
Psychological Science, 7, 105–110.

Rhodes, G., & Zebrowitz, L.A. (2002). Facial attractiveness: Evolutionary, cognitive and
social perspectives. Westport, CT: Ablex.

Rhodes, G., Zebrowitz, L.A., Clark, A., Kalick, S.M., Hightower, A., & McKay, R. (2001).
Do facial averageness and symmetry signal health? Evolution and Human Behavior,
22, 31–46.

Rosch, E.H. (1973). On the internal structure of perceptual and semantic categories. In
T.E. Moore (Ed.), Cognitive development and the acquisition of language (pp. 111–
144). New York: Academic Press.

Smirnakis, S.M., Berry, M.J., Warland, D.K., Bialek, W., & Meister, M. (1997). Adapta-
tion of retinal processing to image contrast and spatial scale. Nature, 386, 69–73.

Suzuki, S., & Cavanagh, P. (1998). A shape-contrast effect for briefly presented stimuli.
Journal of Experimental Psychology: Human Perception and Performance, 24,
1315–1341.

Thornhill, R., & Gangestad, S.W. (1999). Facial attractiveness. Trends in Cognitive Sci-
ences, 3, 452–460.

Valentine, T. (1991). A unified account of the effects of distinctiveness, inversion and race
in face recognition. Quarterly Journal of Experimental Psychology, 43A, 161–204.

Watson, T.L., & Clifford, C.W.G. (in press). Pulling faces: An investigation of the face dis-
tortion aftereffect. Perception.

Webster, M.A., & MacLin, O.H. (1999). Figural aftereffects in the perception of faces.
Psychonomic Bulletin & Review, 6, 647–653.

Zajonc, R.B. (1968). Attitudinal effects of mere exposure. Journal of Personality and So-
cial Psychology, 9(2, Pt. 2), 2–27.

Zhao, L., & Chubb, C. (2001). The size-tuning of the face-distortion after-effect. Vision
Research, 41, 2979–2994.

(RECEIVED 6/17/02; REVISION ACCEPTED 12/3/02)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


