








facial proportions.

4 Study III: Eeriest Level of Detail

Ho et al. (2008) observed that a robot is eeriest when human elements create an
expectation of a human form that nonhuman elements fail to satisfy. Therefore,
it is worthwhile to determine whether extreme facial proportions, which are far
from human norms, would be perceived as eerier at higher levels of detail. This
would support evolutionary explanations—based on mate selection and pathogen
avoidance—that evolved or acquired perceptual mechanisms endow human beings
with heightened sensitivity to defects in human-looking faces (MacDorman &
Ishiguro, 2006).

4.1 Hypothesis

H6A. Eerie Detail, Eye Separation Off: Setting the eye separation of a CG
face to £10% will cause the face to be perceived as eeriest at a higher level
of detail than at its original eye separation.

H6B. Eerie Detail, Face Height Off: Setting the face height of a CG face to
either £10% will cause the face to be perceived as eeriest at a higher level
of detail than at its original face height.

4.2 Methods
4.2.1 Participants

In the sensitivity—eeriness experiment, there were 852 participants: 75.5% were
18 to 25, 62.0% were female, and 89.1% were US born. The confidence level was
99% with a +£4.40% error range.

4.2.2 Stimuli

The experimental apparatus sequentially presented participants with 15 CG faces
that varied along three dimensions. Each face varied by texture photorealism (pho-
torealistic, bronze, and line drawing) and facial proportion (original, widely-set
eyes, narrowly-set eyes, low face height, and high face height). In addition, the
participant could manually adjust the face along a third dimension: level of detail.
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Fig. 9: Facial Extremes: £10% Eye Separation and Face Height

In selecting the eeriest level of detail, the participant had 11 levels to choose from
(as in Studies I and II), ranging from low to high.

The 15 CG faces were implemented as video data embedded in a Flash appli-
cation at a website. Five videos were created for each of the three textures, varying
the level of detail from low to high. A video was created for the original face and
two extremes (+10%) along the two facial dimensions: eye separation and face
height. Figure 9 shows these four extremes for the CG model with a photorealistic
texture and high level of detail. Each video contained 11 frames with each frame
representing a 10% step between low and high levels of detail.

4.2.3 Procedures

Fifteen CG faces were sequentially presented, representing three textures at five
facial proportions. The presentation order was randomized for each participant,
and the face’s initial level of detail was randomized for each face. Participants
were instructed to use the left and right arrows to adjust the level of detail until it
looked eeriest.
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Fig. 10: Mean Eeriest Point by Texture and Facial Position

4.3 Results and Discussion

Figure 10 shows the level of detail at which each texture and facial proportion
was deemed eeriest, ranging from lowest (1) to highest (11). The error bars indi-
cate the 95% confidence interval (CI). The frame rated as eeriest for the normal
facial proportion was lower (less humanlike) than for the extreme (£10%) facial
proportions.

A one-way ANOVA for the eeriest point indicates a highly significant differ-
ence between the frame selected as eeriest for all three facial textures (F'(2, 2646) =
102.41 to 183.40,p = .000). Sensitivity to eeriness reached significance for the
bronze and photorealistic facial textures (F'(2,2646) = 5.51 to 25.47,p = .000
to .004). Results of the ANOVA are detailed in Table 1. Post-hoc tests give a
possible explanation for the low effect sizes. Tamhade’s T2 shows the difference
between the normal position and each extreme 1s significant (all ps = .000), while
the differences between extremes were not significant. These results support H6A
and H6B: Eye separation or face height that lies £10% from the original causes
the CG face to appear eeriest at a higher level of detail.

A two-way ANOVA was used to determine whether there was an interaction
effect between the level of detail and the texture of the model (line, bronze, or
photorealistic). The results show that there was a highly significant interaction
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Table 1: One-way ANOVA

Eeriest Point Eeriness Sensitivity
Texture F(4,4254) r F(4,4254) r
Line 15.29%*%* 11 0.43 .01
Bronze 5.82%** (07 2.44% .04
Photorealistic 10.76%** 10 4.83%* .06

*p < .05, ™p < .01, **p < .001

effect for eye separation (F'(4,7100) = 80.88, p = .000) and for face height
(F(4,7100) = 11.20, p = .000). For eye separation there was a highly significant
single effect for the model’s texture (F'(2,7100) = 130.33, p = .000) and for
the level of detail (F'(2,7100) = 88.13, p = .023), considered separately. For
face height there was also a highly significant single effect for the model’s texture
(F(2,7100) = 47.76, p = .000) and for the level of detail (F'(2,7100) = 20.45,
p = .000).

In sum, faces with normal proportions were rated eeriest at lower levels of
detail. Faces of extreme proportions (10%) were rated eeriest at higher levels
of detail—that is, when the face was more humanlike. These results hold for all
facial textures and clearly support HOA and H6B.

The only significant differences in sensitivity were for the photorealistic tex-
ture between original and narrowly-set eyes (M D = —0.08,SE = 0.028,p <
.05), and original and low face height (M D = —.11,SE = 0.027,p = .000).
This indicates greater sensitivity to the normal face. Sensitivity to eeriness in the
line texture did not follow the photorealistic and bronze textures. This is proba-
bly because low and high levels of detail were both perceived as eerier and less
humanlike than the midpoint (Fig. 3 and 5).

5 Study IV: Eyes-Face Mismatch

This study further explores how a mismatch in the human likeness of different ele-
ments of a character can cause it to seem eerie (Ho et al., 2008). The photorealism
of the CG model’s eyes and skin are varied independently to determine whether
a matching level of photorealism between eyes and face can reduce eeriness and
increase naturalness and attractiveness. This study also explores the influence of
enlarged eyes on eeriness, naturalness, and attractiveness when eye and skin pho-
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torealism are varied independently. Seyama and Nagayama (2007) reported that,
for photorealistic facial textures, enlarged eyes greatly increased eeriness.

5.1 Hypotheses

H7. Eerie Texture Mismatch: A CG face will look less eerie when the texture
of the eyes and skin are at a similar level of photorealism than when their
level of photorealism differs greatly.

HS8. Eerie Big Eyes with Photorealism: The more photorealistic a CG face is
the more a 50% enlargement of the eyes will increase its perceived eeriness,
artificiality, and ugliness.

5.2 Methods
5.2.1 Participants

In the first half of this study, there were 302 participants: 75.5% were 18 to 25,
72.8% were female, and 95.0% were US born. The confidence level was 95%
with a +5.63% error range. In the second half of this study, there were 157 par-
ticipants: 68.3% were 18 to 25, 69.7% were female, and 92.9% were US born.
The confidence level was 95% with a +7.82% error range. Different participants
were used in the first and second half of this study to avoid habituation and fatigue
effects.

5.2.2 Stimuli

To create the 50 faces used in the first half of this study, the detailed bronze model
with simplified blue eyes was overlayed with the detailed photorealistic model
(Fig. 2, top left and top center). Next the opacity of the detailed photorealistic
model was varied for the skin and eyes independently. It was varied from 0% to
100% at 25% increments. This resulted in five levels of photorealism for the eyes
and five levels of photorealism for the skin for a total of 25 different combinations.
The eyes of the detailed photorealistic and bronze models were enlarged 50%, and
the above process was repeated to create an additional 25 faces.

The same procedure was used to create the 50 faces used in the second half
of this study. The only difference was that the detailed photorealistic and bronze
base models’ appearance was enhanced: The photorealistic model was given pho-
torealistic hair; the bronze model was given cartoon hair; the ears of both models
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were reduced in size to match their human counterpart; and the eye color of the
bronze model was changed to brown (Fig. 12A, bottom left figure).

5.2.3 Procedures

Participants rated 50 faces along three dimensions: eeriness, naturalness, and at-
tractiveness. The presentation order of the 50 faces was randomized for each par-
ticipant. Participants rated each image on an 7-point semantic differential scale.
The eeriness scale was anchored at very eerie (—3) and very reassuring (+3). The
naturalness scale was anchored at very artificial (—3) and very natural (43). The
attractiveness scale was anchored at very ugly (—3) and very attractive (+3).

5.3 Results and Discussion

In the first half of the study, the CG face with normal-sized eyes was most eerie
at 100% eye photorealism and 0% skin photorealism. (One hundred percent pho-
torealism means the texture blended 100% of the photorealistic texture and 0%
of the bronze texture.) Its mean rating was —1.52 on the eerie-reassuring scale
(SD = 1.24), which is about midway between slightly eerie and moderately
eerie. It was also rated as most artificial (M = —1.97,SD = 1.32) and ugli-
est (M = —1.23,5D = 1.26).

The CG face was most reassuring at 100% eye photorealism and 75% skin
photorealism. Its mean rating was 1.37 (SD = 1.23), which is between slightly
reassuring and moderately reassuring. The same face was also rated as most
natural (M = 1.93,SD = 1.41). However, the CG face at 75% eye photorealism
and 75% skin photorealism was rated as most attractive.

The surface plot of the results for eeriness is convex (Fig. 11A). Similar levels
of eye photorealism and face photorealism are rated more positively than dissimi-
lar levels. The surface plots for naturalness and attractiveness were similar to this
plot.

Enlarging the eyes by 50% resulted in universally negative ratings on all three
dimensions (for eeriness see Fig. 11B). Mean eeriness ratings ranged from —1.60
(SD = 1.22) at 75% eye photorealism and 75% skin photorealism to —2.33
(SD = 0.93) at 100% eye photorealism and 0% skin photorealism. Mean nat-
uralness ratings ranged from —1.37 (SD = 1.56) at 100% eye photorealism and
100% skin photorealism to —2.62 (SD = 0.81) at 75% eye photorealism and 0%
skin photorealism. Mean attractiveness ratings ranged from —1.39 (SD = 1.29)
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Fig. 11: Mean Eeriness by Degree of Eye and Skin Photorealism

at 75% eye photorealism and 50% skin photorealism to —2.14 (SD = 1.05) at
100% eye photorealism and 0% skin photorealism.

Enlarging the eyes by 50% increased mean eeriness ratings most at higher lev-
els of eye photorealism and skin photorealism. Eeriness increased by 2.99 at 100%
eye photorealism and 75% skin photorealism, which was the maximum increase.
Eeriness increased by 0.82 at 100% eye photorealism and 0% skin photorealism,
which was the minimum increase.

In the second half of the study, the CG face with normal-sized eyes was most
eerie at 100% eye photorealism and 0% skin photorealism. Its mean rating was
-1.62 (SD = 1.36). It was also rated as most artificial (M = —2.08, 5D = 1.23)
and ugliest (M = —1.17,SD = 1.42).

The CG face was most reassuring at 50% eye photorealism and 75% skin
photorealism. Its mean rating was 1.04 (SD = 1.20). The CG face was most
natural at 75% eye photorealism and 75% skin photorealism (M = 1.62, 5D =
1.36). The CG face was most attractive at 0% eye photorealism and 75% skin
photorealism (M = 1.09,SD = 1.11).

The heatmap of the results for eeriness is convex (Fig. 12A). The heatmaps for
naturalness and attractiveness were also convex.

Once again, enlarging the eyes by 50% resulted in universally negative ratings
on all three dimensions (for eeriness see Fig. 12B). Mean eeriness ratings ranged
from —1.54 (SD = 1.13) at 50% eye photorealism and 75% skin photorealism to
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—2.54 (SD = 0.78) at 100% eye photorealism and 0% skin photorealism. Mean
naturalness ratings ranged from —1.58 (SD = 1.29) at 100% eye photorealism
and 100% skin photorealism to —2.70 (SD = 0.61) at 100% eye photorealism
and 0% skin photorealism. Mean attractiveness ratings ranged from —1.32 (SD =
1.16) at 50% eye photorealism and 75% skin photorealism to —2.25 (SD = 1.01)
at 100% eye photorealism and 0% skin photorealism.

Enlarging the eyes by 50% increased mean eeriness ratings between 0.91 and
1.37 at 0% skin photorealism, between 1.38 and 1.85 at 25%, between 1.97 and
2.63 at 50%, between 2.55 and 2.78 at 75%, and between 2.32 and 2.66 at 100%.
A similar trend appeared for the other two dimensions: enlarging the eyes 50%
increased eeriness, decreased naturalness, and decreased attractiveness, and this
effect is much larger for more photorealistic skin textures.

A two-way ANOVA was used to determine whether there was an interaction
effect between the level of eye photorealism and skin photorealism. The results
show that, for eeriness ratings, there was a highly significant interaction effect be-
tween eye photorealism and skin photorealism both for normal eyes (F'(16, 7525) =
27.00, p = .000) and for eyes enlarged 50% (F'(16,7525) = 6.36, p = .000).
For normal eyes there was a highly significant single effect for eye photoreal-
ism (F'(4,7525) = 420.59, p = .000) and for skin photorealism (F'(4, 7525) =
194.94, p = .000). For eyes enlarged 50%, there was also a highly significant
single effect for eye photorealism (£'(4,7525) = 26.94, p = .000) and for skin
photorealism (F'(4, 7525) = 21.48, p = .000).

For attractiveness ratings there was a highly significant interaction effect be-
tween eye photorealism and skin photorealism both for normal eyes (F'(16, 7525) =
11.81, p = .000) and for eyes enlarged 50% (F'(16,7525) = 4.10, p = .000).
For normal eyes there was a highly significant single effect for eye photorealism
(F(4,7525) = 366.11, p = .000) and for skin photorealism (£'(4, 7525) = 56.87,
p = .000). For eyes enlarged 50%, there was also a highly significant single effect
for eye photorealism (F'(4,7525) = 18.52, p = .000) and for skin photorealism
(F(4,7525) = 9.44, p = .000).

For naturalness ratings there was a highly significant interaction effect for eye
photorealism and skin photorealism both for normal eyes (F'(16, 7525) = 25.77,
p = .000) and for eyes enlarged 50% (F' (16, 7525) = 5.19, p = .000). There was
a highly significant single effect for eye photorealism (F'(4, 7525) = 995.62, p =
.000) and for skin photorealism (F'(4,7525) = 192.20, p = .000). For eyes en-
larged 50%, there was also a highly significant single effect for eye photorealism
(F(4,7525) = 142.39, p = .000) and for skin photorealism (£'(4, 7525) = 11.18,
p = .000).
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In the first half of this study, similar levels of eye photorealism and face pho-
torealism were rated more positively than dissimilar levels, which supports H7.
This relation appeared as a synergy ridge in surface plots of perceived eeriness,
naturalness, and attractiveness. The idea of a synergy ridge was first proposed for
matching levels of human likeness in appearance and behavior (MacDorman et
al., 2005).

A caveat to this study can be explained as follows. The photorealistic model
was created to look as similar to the human model as possible. In a sense, the
human model reflects evolutionary design as well as cultural attitudes toward ap-
pearance (e.g., those concerning corpulence, orthodontics, grooming, hygiene,
ornamentation, tribal scarring, body piercing, or lack of these). However, the de-
tailed bronze model was not designed to look like anything. It simply reflects the
application of a bronze shader to the photorealistic model in place of human tex-
ture maps. Therefore, the appearance of both the bronze and photorealistic model
was enhanced for the second half of the study.

Although dissimilar levels of eye-face photorealism are still rated negatively
for all dimensions, the results show that 75% skin photorealism is perceived to be
least eerie, most natural, and most attractive. More surprisingly, 50% eye pho-
torealism was most reassuring (least eerie) and 0% eye photorealism was most
attractive. This shows that backing away from photorealism can sometimes make
a CG character less eerie and more attractive.

Enlarging the eyes 50% increased eeriness and decreased naturalness and at-
tractiveness most for more photorealistic skin textures. This result supports H8
and agrees with the findings of Seyama and Nagayama (2007). However, to con-
firm this effect the experiment should be repeated with faces that vary only in
realism, not eeriness, before the eyes are enlarged.

6 Main Findings

More human-looking CG faces generally had more photorealistic textures and
more detail. When a photorealistic or bronze texture was used, increasing the
number of polygons increased human likeness (Fig. 3). However, the graph of
human likeness reached a maximum in the line model at the median number of
lines. A photorealistic texture caused CG faces to look much more human than a
bronze or line textured faces.

Sensitivity to human likeness was heightened and increased with greater hu-
man likeness only when a photorealistic texture was used. The more human the
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photorealistically-textured CG face looked, the easier it was for people to agree
on its degree of human likeness (Fig. 4). For a line or bronze texture, sensitivity
to human likeness did not increase with human likeness.

Under certain circumstances, less humanlike CG faces can be eerier than more
humanlike CG faces. The photorealistic texture was less eerie than the bronze or
line texture for nearly ideal facial proportions (Fig. 5). However, a somewhat
less than photorealistic texture (75% photorealistic, 25% bronze) was found to be
less eerie than the most photorealistic texture in Study IV (Fig. 12A). For nearly
ideal facial proportions, increasing the polygon count decreased eeriness. The
CG face was less eerie with a photorealistic texture than with a bronze or line
texture (Fig. 6). However, the last study showed that a three-to-one blend of the
photorealistic and bronze textures was the least eerie (Fig. 12A). Line-textured,
bronze, and photorealistic CG faces that looked more human also looked less
eerie. However, the second half of the last study showed that the most natural CG
face was not the least eerie. The least eerie face had 75% skin photorealism.

As human likeness increased, the best-looking facial proportions were gener-
ally closer to the original proportions of the human model (Fig. 8). But contrary
to expectations, as the CG character’s level of detail increased, sensitivity to facial
proportions, as measured by interrater agreement, did not increase significantly.
However, for face height, the bronze and photorealistic textures resulted in signif-
icantly higher sensitivity than the line texture.

Facial proportions that are far from ideal look eerier at higher levels of detail
than facial proportions that are nearly ideal. Specifically, for a +10% change in
face height or eye separation, the level of detail found eeriest increased. However,
contrary to the uncanny valley graph, the eeriest level of detail was still relatively
low. This may be an artifact of the stimuli, because the line and bronze models
were not designed by an artist, so they look less attractive than a typical hand-
drawn model.

The CG face looked less eerie when the texture of the eyes and skin were at a
similar level of photorealism than when their level of photorealism differed greatly
(Fig. 11A and 12A). Decreasing photorealism somewhat made the face look less
eerie and more attractive (Fig. 12A). Enlarging the eyes by 50% increased the eeri-
ness and decreased the naturalness and attractiveness of a CG face (Fig. 11B and
12B). The increase in eeriness and decrease in naturalness and attractiveness were
much greater for a more photorealistic skin texture than for a less photorealistic
skin texture.
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6.1 Design Principles for CG Animators

The findings of this study suggest the following design principles. To design at-
tractive, human-looking faces that are not eerie, use high polygon counts with
smoothing and nearly ideal facial proportions. It may be safer to use a less pho-
torealistic texture unless human photorealism is required. When using a human
photorealistic texture, ensure the proportions of the CG face are within human
norms. And finally, to prevent eeriness, avoid mismatches in the degree of human
likeness of CG elements.

6.2 Limitations

A limitation of this study is the use of one-item measures for the reassuring—eerie
and nonhuman-human scales in Study I and for the reassuring—eerie, artificial—
natural, and ugly—attractive scales in Study I'V. One-item measures preclude tests
of reliability or construct validity. For that reason, we are currently developing
an eeriness index, because none exists to date. Powers and Kiesler (2006) have
developed a human likeness index whose items were adapted to a semantic dif-
ferential scale by Bartneck (2008). However, in Study I and IV the sheer quantity
of stimuli that participants would be required to rate with multiple-item indices
would raise concerns about fatigue effects and attrition. The number of stimuli in
this study already necessitated the use of different participants in each experiment
which prevented the assessment of experimental crossover interaction.

Another limitation is that manipulations were only applied to one base model
representing a 30-year-old male. Repeating Studies I through IV with several base
models could rule out the possibility that effects were driven by the particular fea-
tures of the model used. It would be worthwhile to use models of youths and older
adults, and also female base models, because some preferences are specific to age
and gender (Grammer & Thornhill, 1994; Henss, 2006). The generalization of
the results to the broader US population or to other cultures is also constrained by
the demographic homogeneity of the participants (i.e., undergraduates and recent
graduates of a nine-campus Midwestern university). An additional concern is that
Maya automatically determined the changes in the level of detail of the CG faces,
including the placement of visual landmarks, such as lines and edges between
polygons. This can produce unpleasant-looking results. When a CG animator in-
creases or reduces a model’s level of detail, artistic judgment is involved. Some
of the results of this study could be influenced by automated design process.

Finally, the findings of this study only apply to still CG faces. They may not
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apply to animated faces or to still or animated bodies. If not well-animated, even
nearly perfect human CG characters can look uncanny when moving (Chaminade
et al., 2007).

6.3 Future Work

Many CG animators are pursuing the holy grail of photorealistic human appearance—
a kind of virtual 3D Turing test, sans the interactivity. Future studies on the rela-
tion between CG and the uncanny should also focus on temporal dynamics, such

as motion quality, timing, and contingency during interaction.

7 Conclusion

Contrary to the predictions of Mori’s graph of the uncanny valley, a CG face is not
necessarily eeriest when it looks nearly human. Even abstract faces can look eerie,
if they contain facets that seem unintended or arbitrary (Hanson, 2006; MacDor-
man & Ishiguro, 2006). Nevertheless, backing away from a photorealistic texture
somewhat can decrease eeriness in CG faces with facial proportions that deviate
from human norms. Adding polygons and smoothing to a face with a photorealis-
tic or bronze texture increases perceived human likeness, but automatically adding
lines to a line-textured face can increase eeriness after a point.

Distorting facial proportions causes more detailed faces to be rated eeriest. In
particular, with a 50% enlargement of the eyes, the eeriness of a CG face with
a photorealistic human texture will increase much more than the eeriness of a
bronze-textured face. Also, as human likeness increases, the facial proportions
perceived as best-looking approach the baseline proportions. These proportions
may be closer to the human ideal. Thus, a photorealistic texture may be crucial in
eliciting normative expectations concerning human proportions, and faces violat-
ing these expectations appear eerie. These results suggest potential neuroimaging
studies that explore the interaction effect of facial texture and proportions on brain
regions where heightened activation is associated with perceived eeriness.
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