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Crossing the ‘Uncanny Valley’: Adaptation to Cartoon Faces Can
Influence Perception of Human Faces

Abstract
In this study we assessed whether there is a single face space common to both human and cartoon faces by
testing whether adaptation to cartoon faces can affect perception of human faces. Participants were shown
Japanese animation cartoon videos containing faces with abnormally large eyes. The use of animated videos
eliminated the possibility of position-dependent retinotopic adaptation (because the faces appear at many
different locations) and more closely simulated naturalistic exposure. Adaptation to cartoon faces with large
eyes significantly shifted preferences for human faces toward larger eyes, consistent with a common, non-
retinotopic representation for both cartoon and human faces. This supports the possibility that there are
representations that are specific to faces yet common to all kinds of faces.
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1 Introduction
Personal beauty affects many facets of our lives. We attribute a wide array of positive
qualities, such as being more occupationally and interpersonally competent, better adjusted,
and having greater social appeal, to attractive people and their opposites to unattractive
people (Dion et al 1972; Feingold 1992; Langlois et al 2000). Given the importance of
these judgments, we might ask how we make judgments on attractiveness.

Some aspects of attractiveness appear to be universal. Cross-cultural studies show
that individuals from different cultures agree on which faces in a set are more attractive
(Bernstein et al 1982; Cunningham et al 1995; Geldart et al 1999; Perrett et al 1994).
Furthermore, developmental studies show that young babies look longer at faces rated as
attractive by adults than at those rated as unattractive (Geldart et al 1999; Langlois et al
1993; Samuels et al 1994; Slater et al 1998).

Although there is extensive evidence for universal factors of attractiveness, there
are also systematic differences in preferences between individuals, which might reflect
differences in experience. Martin (1964) found that, while both African-American and
Caucasian men considered Caucasian features to be more attractive than African features
in the USA, the same evaluation conducted in Nigeria showed a preference for African
features. Furthermore, Bronstad and Russell (2007) suggested that pairs with close
relationships, and presumably more shared experiences, demonstrate even greater agree-
ment on facial attractiveness than strangers from the same race or culture.

What individuals identify as an attractive face has also been extensively shown to
shift with adaptation in laboratory studies. Peskin and Newell (2004) demonstrated
that increasing exposure and thereby increasing the familiarity of faces increased their
attractiveness. More specifically, Rhodes et al (2003) showed that adaptation to
consistent facial distortions shifted the most attractive face toward the distortion.
For instance, after repeated exposure to faces with wide noses, subjects reported faces
with wider noses as more attractive. Cooper and Maurer (2008) showed similar effects
with the vertical position of features on a face.
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The construct of `face space' helps to explain these adaptive shifts. If representations
of faces are organized in a multidimensional `face space' centered on a prototypical
face that represents the mean of a person's experience, faces are judged by proximity
to the prototype (Valentine 1991). Adaptation to a consistent distortion has been sug-
gested to shift the prototype toward the adapting distortion (Leopold et al 2001, 2005;
Rhodes et al 2003, 2004b; Webster et al 2004). Neuroimaging evidence supports this
view, finding increased signal from the fusiform face area, an area proposed to be
specialized for face processing, with increased variation from mean faces (Loffler et al
2005). Moreover, a shift in neural tuning was proposed to produce a shift in the posi-
tion of the mean face. Attractiveness judgments have been suggested to parallel this
shift of the mean face (Rhodes et al 2003).

However, it is assumed that these studies done in controlled laboratory settings in
fact reflect real-world exposure and explain real-world differences in preferences for
faces. We test the validity of this assumption in this study by using a more naturalistic
but still controlled tool for adaptation: videos. This offers a more naturalistic exposure
because the position and size of the adapting faces change dynamically, because
accompanying speed and movement enhance life-like qualities, and because watching
videos/television itself is common behavior.

Furthermore, in this study we use an adaptation paradigm to assess the scope of
face space. Past work found common and group-selective mechanisms for coding faces
of different races and different genders, suggesting that there is a common coding
mechanism for human faces (a single face space) and dissociable coding mechanisms
for subgroups of human faces (Jaquet and Rhodes 2008; Jaquet et al 2007a, 2007b;
Little et al 2005, 2008; Rhodes et al 2003, 2004a, 2007; Webster et al 2004). But does
this face space extend to other kinds of faces, cartoon faces for instance?

While it might seem obvious that this general face representation would extend
to cartoon faces since cartoons resemble humans, the concept of the `uncanny valley'
proposed by Mori (1970), suggests this may not be the case. Mori proposed a curve to
show the relationship between peoples' positive responses to an object and the humanness
of that object. He suggested that as human-like features increase, people respond
more positively to the object. However, at a distinct point, the curve dramatically dips
into the `uncanny valley', a region where the deviations from humanness are stronger
than the reminders of humanness, so a feeling of uncanniness overcomes familiarity, and
people respond with repulsion (figure 1). This effect has been supported by controlled
empirical studies (MacDorman et al 2009; Seyama and Nagayama 2007; Steckenfinger
and Ghazanfar 2009). Specifically, MacDorman et al (2009) found that faces were
especially prone to eeriness when photorealism of eyes versus photorealism of skin
were mismatched, creating conflicting degrees of human likeness. This points to a divide
between human faces and other groups of faces, and suggests that there may not be a
common, fundamental representation of faces.

Thus, we assess whether there is a common coding mechanism for all faces
(a general face space), including cartoon faces, by testing if adaptation can have
effects across categories of face, from cartoon to human. It is important to note
that there are different mechanisms for visual adaptation. Xu et al (2008) found that
adaptation to concave or convex curves led subjects to perceive faces as happy or
sad, respectively, more frequently. However, the curves had to be positioned in the
same spatial location as the mouths of the faces for this effect to occur, meaning
that the effect is a result of low-level retinotopic adaptation. The fact that faces in
videos appear in different locations ensures that adaptation effects cannot be primarily
attributed to low-level retinotopic adaptation but instead would indicate higher-level
adaptation.
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Participants were exposed to cartoon videos containing characters with very large
eyes. Before and after the adaptation phase, we presented human faces and asked partici-
pants to rate them for attractiveness. If adaptation to cartoon faces does in fact affect
attractiveness ratings for human faces, we expect adaptation to shift individual prefer-
ences toward the distortion such that participants will rate faces with larger eyes as
more attractive after adaptation than before adaptation. This would suggest that adap-
tation in a laboratory setting does in fact generalize to a more naturalistic setting to
explain real-world differences in preferences. This would also suggest that we have a
basic representation of a face general to all kinds of faces.

2 Methods
2.1 Participants
Participants were forty-five Harvard students, fourteen males and thirty-one females,
between the ages of 17 and 25 years (mean, M � 19:26 years, SD � 1:61 years) who
consented to participating in the study and self-identified as having had no exposure
to Japanese animation before participating in the study. We included only individuals
with no prior exposure in order to ensure a more homogeneous background experience
amongst subjects to the adaptation stimuli. Participant ethnicity included twenty-five
Caucasian, nine Asian, six African/African-American, four Hispanic, and one Mediter-
ranean individuals. All were recruited from Harvard University through the study pool
and received course credit for participation.

Participants were assigned to two groups generally matched for gender and ethnic-
ity (not for age because of the small range); one group was exposed to cartoons, and
the other was exposed to a live-action video with real actors.

2.2 Stimuli
2.2.1 Adaptation stimuli. The test group watched a 50-min cartoon videoöthe first
two episodes of the Japanese animation series Fruits Basket. The control group viewed
a 50-min live action video with real actorsöthe first episode of the television series
Heroes.
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Figure 1. Mori's `uncanny valley'. Familiarity and positive feelings increase with increasing human
likeness until it reaches the uncanny valley where the imperfections cause a feeling of strangeness
and repulsion. As we approach a normal human, the positive feelings rise again.
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Both videos included presentation of both male and female faces for almost the
entirety of the 50 minutes. Both shows presented 7 female faces, not including back-
ground extras; Heroes presented 12 male faces and Fruits Basket presented 5. In terms
of ethnicity, Heroes presented actors of varying ethnicities, and the cartoon characters
in Fruits Basket were of undefined ethnicity, having various shades of hair and eye color
and no distinct ethnic features. Both shows have a storyline about the lives of individuals
with supernatural abilities that are both gifts and curses, though Heroes has a darker
emotional tone than Fruits Basket.

To compare relative eye size between videos, the ratio of the length and width of
the eyes to those of the head were measured from screenshots (see figure 2). Three
of the most viewed characters of each gender from both of the shows were used
for comparison. For females, the average eye-to-head length ratio for the animated
characters in Fruits Basket (M � 0:18) was almost four times greater than the ratio
for the actors in Heroes (M � 0:05). The average width ratio was essentially the same
(M � 0:21 for animated, M � 0:23 for live action). For males, the average length ratio
for animated characters (M � 0:11) was almost three times greater than that of the
actors (M � 0:04). As with females, the male width ratio was comparable (M � 0:31
for animated, M � 0:21 for live action).

2.2.2 Test stimuli. Participants were asked to rate for attractiveness a series of human
faces with different eye sizes before and after adaptation. The set of stimuli consisted
of 120 images of female faces viewed from the front with neutral expressions in identical
conditions. 60 of the images were faces with different eye sizes created from 6 photo-
graphs of different female faces of Asian and Caucasian race/ethnicity. For each of
the 6 distinct faces, 10 face stimuli were created with systematic distortion in the size
of the eyes (see figure 3). The original photographs were drawn from the set in Russell
(2009). They were altered with Photoshop to yield two different images, one with eyes
that were 80% of the original size and one with eyes that were 120% of the original
size. The two images were then morphed together in increments to yield 10 images of
each of the faces with systematically different eye sizes. While the cartoon eyes
are enlarged primarily vertically, the distortions of the test stimuli were made in both
vertical and horizontal dimensions in order to maintain a natural appearance. All other
aspects of the photographs were kept constant. The original photographs were not used
in order to prevent possible bias toward the `natural' face over altered versions.

Figure 2. [In colour online, see http://dx.doi.org/10.1068/p6492] Screenshots of one of the main female
characters from the animated show and the live action show, representing characters of compar-
able age. The lines represent measurements used to approximate the ratios of eye-to-head length.
The cartoon face has a ratio about four times that of the human face.
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60 other images from the set of photographs in Russell (2009) were included to
obscure the purpose of the study. The faces were shown in 10 blocks of the following
pattern: face 1 eye variation, other face, face 2 eye variation, other face, face 3 eye
variation, other face, face 4 eye variation, other face, face 5 eye variation, other face,
face 6 eye variation, other face. The specific eye variation in each set was randomly
assigned. Each image was shown once, and all participants viewed the images in the
same order. Each photo was 192 pixels in width and 256 pixels in height.

2.3 Procedure
All participants were first asked to fill out a questionnaire to determine previous expo-
sure to Japanese animation. A mixed factorial design was then implemented. Participants
were assigned to one of two adaptation groups (cartoon or live action) matched for
gender and ethnicity. The cartoon group was assigned to watch the 50-min cartoon
video, and the live action group was assigned to watch the 50-min live action video.
Both groups rated test stimuli for attractiveness on a scale of 1 (unattractive) to 7
(attractive) before and after watching the show. The time interval between participants
viewing the videos and rating the faces was about 1 ^ 2 min, during which time they
received instructions.

The experiment was run on 24 inch iMacs. Programming was done with PHP
and hosted on a protected server. Morphman was used to create test stimuli images.
Microsoft Excel and SPSS 16.0 were used to organize and process the data collected.

3 Results
The data collected were analyzed by similar methods as in experiment 1 of Rhodes
et al (2003). For each participant, ratings for all faces with the same incremental eye
size were averaged together. Third-order polynomials were fitted to each participant's
data and used to estimate the eye distortion level of the most attractive faces through
finding the local maxima of the polynomial curves. Third-order polynomials were used

80%

120%

Figure 3. [In colour online.] An example of a set of stimuli with systematically varied eye size.
They were created by incrementally morphing together the face with eyes 80% (upper left) of
the original size and the face with eyes 120% (bottom right) of the original size. Participants viewed
full colour images.
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because second-order curves may be restrictive in shape and fourth or higher-order
curves possess more complexity than necessary.

Data from participants were excluded if erratic patterns were present. In the cartoon
group, there were twenty-two participants; nineteen participants' data were included
with average R 2 � 0:91, and three were excluded. In the live-action control group,
there were twenty-three participants; eighteen participants' data were included with
average R 2 � 0:83, and five were excluded.

Overall, we found that participants exposed to cartoon stimuli preferred human faces
with larger eyes after adaptation while participants exposed to the live action stimuli did
not (figure 4). We conducted a two-way mixed analysis of variance (ANOVA) with
adapting condition (cartoon or live action) as a between-participants factor and
the mean distortion levels of the most attractive faces before and after adaptation as a
repeated-measures factor. No significant main effects were found for the adapting con-
dition (F1 37 � 2:32, p � 0:14), or the before and after condition (F1 27 � 0:452,
p � 0:51). The interaction was significant (F1 37 � 6:45, p � 0:02). As predicted, the
most attractive face shifted toward the adapting distortion of larger eyes after adapta-
tion to cartoon faces. Gender and ethnicity were included as covariates and were not
found to be significant. When excluded subject data where the distortion level for the
most attractive face could be identified were included in the analysis, the interaction
was still significant ( p 5 0:05). However, we felt that, in those excluded cases, this
method of analysis was not appropriate because the polynomial fit was not suitable for
the data points.

Planned comparisons showed no initial difference in preference for eye sizes
between groups prior to video adaptation (t35 � 0:44, p � 0:67). In the test group
that viewed cartoons, a paired t-test suggested that participants preferred faces with
larger eyes after adaptation (M � 106:49, SD � 6:98) compared to before (M � 105:02,
SD � 1:54), (t18 � 2:12, p � 0:048), showing a significant shift toward the adaptive
distortion (figure 4a). This shift is seen for each of the 6 unique faces. In contrast, in
the control group that viewed the live action show, there was no significant change
in eye-size preference after adaptation (M � 101:63, SD � 5:10) compared with before
(M � 104:13, SD � 5:64), (t17 � ÿ1:75, p � 0:10), (figure 4b).

Also, all individuals preferred faces with larger than normal eyes, which corresponds
with past findings suggesting that larger eyes are considered more attractive in female
faces (Geldart et al 1999).
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Figure 4. Mean attractiveness ratings as a function of eye size for the two groups before and
after viewing videos. Ratings were made on a scale of 1 (unattractive) to 7 (attractive). There
is a significant shift in preferences toward faces with larger eyes after adaptation to cartoons (a)
but no significant difference in participants who viewed the live action show (b).
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4 Discussion
This study demonstrates that adaptation to cartoon faces with large eyes is able to shift
preferences for human faces toward larger eyes. It extends findings from past research
on face adaptation in two ways. First, here videos have been used as adaptation stimuli
rather than still pictures, offering a more naturalistic method of adaptation that corre-
sponds more to real-life exposure. As a result, we are better able to generalize effects
found from controlled laboratory settings to experience in everyday life.

Second, these results suggest that adaptation to cartoon faces can also affect prefer-
ences for human faces, expanding on previous findings that adaptation to distorted
human faces affects preferences for novel human faces (Cooper and Maurer 2008;
Peskin and Newell 2004; Rhodes et al 2003). This effect also points to a shared common
face space between cartoon and human faces, building upon past work that suggests a
common face space for all human faces (Jaquet and Rhodes 2008; Jaquet et al 2007a).
Moreover, the use of videos reduces the likelihood that the effect resulted from primar-
ily retinotopic adaptation as shown by Xu et al (2008). These findings support the idea
of a general representation of faces.

Other research findings also support this conclusion. Electrophysiological cell
recordings in macaque monkeys suggest that the middle face patch, which consists
primarily of face-selective cells, is selective for human and cartoon faces, with response
to cartoon faces about 83% of the response to human faces (Freiwald et al 2009).
Likewise, imaging data in humans suggest that synthetic, cartoon-like faces also activate
the fusiform face area, an area proposed to be specialized for face processing, about 84%
as strongly as human faces (Loffler et al 2005).

In addition, this study may provide insight on why the uncanny valley exists. One
possible explanation would be that human faces and other kinds of faces across the
uncanny valley, like cartoon faces, are encoded by separate mechanisms. However,
our results suggest that there are common mechanisms for processing different kinds
of faces. Past work suggests that in addition to common mechanisms, there are dis-
sociable mechanisms for face encoding (Jaquet and Rhodes 2008; Jaquet et al 2007a,
2007b; Little et al 2005, 2008; Rhodes et al 2003, 2004a, 2007; Webster et al 2004).
Thus, the `uncanny valley' phenomenon may actually stem from ambiguity in encoding
between general and dissociable mechanisms. Because faces that are more fluently
processed have been suggested to elicit more positive reactions (Reber et al 2004),
faces and other representations that fall into the `uncanny valley' may be less fluently
processed, and as a result induce more negative reactions.

Finally, the findings from this study may have implications for media effects on
preferences. Popular media have been shown to affect viewers' perceptions of beauty
(Groesz et al 2002), likely from shifting perceptions using adaptation to specific ideals
of beauty. Young people spend on average 16 ^ 17 hours weekly viewing television, begin-
ning as early as the age of 2 years (Nielsen Media Research 1998), and cartoons are a
key part of this media diet. That cartoons can change real-life preferences extends the
scope of impact from various media sources.
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