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Figure 8: Stimuli for Experiment 2: Left: Renderings of the male character for different stylizations (rows) and basic emotions (columns).
Right: Combinations of shape and material stylization for the female character (surprise expression), with baseline stimuli on the diagonal.

Realism A main effect of shape (F*(1.98,39.6) = 178.67,
p < 0.0001, € = 0.495) and material (F*(1.33,26.4) = 73.92,
p < 0.0001, ¢ = 0.333) was found as well as an interaction be-
tween shape and material (F*(6.71,134.1) = 11.59, p < 0.0001,
€ = 0.419). Post-hoc analysis shows that all shapes (p < 0.004)
and most of the materials (p < 0.003 except for level m0 and m1)
differ significantly from each other. The 25 groups resulting from
the combinations of shape and material differ also significantly in
more than 80% of the cases. Most non-significant comparisons can
be found for the shape level s0 (see Figure 9). For example, increas-
ing the material from level m1 to m2 or from level m2 to m3 does
not cause a significant difference. This contrasts with the case of
the realistic shape levels s3 and s4 (p < 0.002). This is in line with
the results from Section 5.1, and confirms that as the shape becomes
more realistic, the material stylization becomes more dominant for
perceived realism.

Appeal The main effects of shape (F*(2.58,51.6) = 20.97,
p < 0.0001, ¢ = 0.645) and material (F"*(1.88,37.6) = 20.39,
p < 0.0001, e = 0.470) are comparable. There is a slightly weaker
interaction between shape and material (F"*(6.06,121.3) = 14.29,
p < 0.0001, € = 0.379). Post-hoc analysis reveals that shape lev-
els s2 and s3 were perceived more appealing than the other shape
levels (p < 0.0002 in all cases between the two groups).

For the materials, only the most realistic version (level m4) was
significantly less appealing than all other materials (p < 0.0002).
This supports our assumptions from Section 5.3 that smooth(ed)
skin pigmentations are perceived more appealing. For the abstract
shape s0, material levels m0, m1, and m2 form a cluster without
any significant difference; this cluster is found significantly more
appealing than material levels m3 and m4 (p < 0.03). On the other
hand, shape level s3 is rated significantly higher with matching ma-
terial levels (m2 and m3), with both more stylized (m0 and m1)
and more realistic (m4) materials being rated significantly lower.
These results support that in all cases a strong mismatch between
shape and material is perceived as unappealing.

Photograph At the end of the experiment, participants rated a
photograph of the real actor in neutral pose. As expected, the av-
erage realism rating is very high (6.98, SD = 0.15). The average
appeal rating was 4.5 (SD = 1.40), which is higher than the av-
erage ratings for the realistic s4/m4 characters (3.26, SD = 1.33).
This dip in appeal rating for the s4/m4 character is in agreement
with the uncanny valley theory [Mori et al. 2012]. However, ap-
peal for stylizations s2/m2 and s3/m3 (4.71, SD = 1.25 and 4.95,
SD = 1.25) were rated highest. In addition, Figure 12 depicts
that realism alone is a bad predictor for appeal; instead, our results
show that the compatibility of shape and material stylizations, i.e.,
their matching degrees of realism, has a stronger (and predictable)
influence on appeal.
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Figure 9: Results of Experiment 2: Ratings for perceived realism
and appeal for different shape and material stylizations. Upper
row: neutral expression averaged over male and female characters.
Bottom row: averaged over all expressions and characters.

7 Experiment 3: Effect of Expressions

In previous experiments, we have analyzed the overall effect that
shape and material have on the perception of faces. Here, we first
analyze whether different levels of stylization in shape and material,
including mismatches between them, affect the recognition and in-
tensity of expressions (anger, happy, neutral, sad and surprise).
We then discuss how ratings are affected by particular expressions
(Figure 8). This is interesting since previous findings suggest that
valence of emotion affects character perception [Calder 1996; Tin-
well et al. 2011a], making negative expressions to be rated less ap-
pealing than positive expressions. In particular, we seek answers to
the following questions:

e Does the level of stylization affect the intensity of expres-
sions? Are they easier or more difficult to recognize?

e Do negative expressions affect the perceived appeal of char-
acters? Is this influenced by stylization of shape or material?

7.1 Intensity and Recognition of Expressions

As discussed previously, stylization is a well-known tool for artists
to enhance the expressivity of 3D characters, removing unneces-
sary details and enhancing specific features. In this experiment
we explore how the different stylizations of shape and material af-
fect recognition and the perceived intensity of the expressions, and
which of the two dimensions is dominant for expression recogni-
tion. The extended 250-stimuli set from Experiment 2 is used again.

Each stimulus was presented for 4 seconds in random order; par-
ticipants were first asked to classify the expression according to
the following options: anger, happy, neutral, sad, surprised. Af-
ter each answer (except for neutral), a follow-up question asked
to rate the expression intensity with respect to a seven-point Likert
scale bounded by extremely low and extremely high intensity. When
participants rated an expression as neutral, its intensity was set to
the lowest value. Twenty-four new volunteers (16 female, 8 male,
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Figure 10: Results of Experiment 3: Effect of shape on the recogni-
tion and intensity of the expression. All expressions, except neutral,
have been recognized well or outstandingly well independent of
the shape. However the intensity reduced continuously with higher
shape stylization levels.

23.6 years old on average) took part in this experiment. Results
are shown in Figure 10 and again a rm-ANOVA with four scales
(character, shape, material, and expression) was used for statistical
analysis.

Recognition We found a main effect of expression
(F*(1.22,28.04) = 74.00, p < 0.0001, ¢ = 0.305), as
well as several interaction effects between expression and
shape (F*(4.56,104.9) = 41.3, p < 0.0001, ¢ = 0.285),
texture (F'(16,368) = 4.97, p < 0.0001) and model
(F*(2.3,51.26) = 4.23, p = 0.016, ¢ = 0.557). The neu-
tral expression is mainly responsible for all these effects; its
recognition rate was lower (p < 0.002) than the other expressions,
varying strongly across different shape levels. This neutral expres-
sion was in general poorly recognized for the more stylized shapes
(s0 and s1): For instance, some participants reported that the big
round eyes made them look surprised. This might be explained by
the fact that cartoons are usually designed to enhance expressivity,
not to be posed displaying a neutral emotion.

We also found a main effect for shape (F'(4,92) = 44.23, p <
0.0001), which is mainly determined by the neutral expression, as
discussed above, and a main effect for material (¥'(4,92) = 10.09,
p < 0.0001). The material level m4 reduced the recognition rate
significantly (p < 0.015) but only by 2%.

Intensity Main effects of shape (F*(2.11,48.61) = 91.40, p <
0.0001, ¢ = 0.528) and material (F*(2.47,56.90) = 30.46,
p < 0.0001, ¢ = 0.618) were found. Apart from the angry ex-
pression, the perceived intensity of expressions is continuously re-
duced with increasing realism of shape (p < 0.0002). Only in the
case of shape levels s2 and s3 does the intensity remain constant.
In the case of material, the absolute difference was very small (0.5
between the lowest and highest mean) and only the material level
m4 had a higher intensity (p < 0.0002). This matches previous re-
search [Wallraven et al. 2007; Wallraven et al. 2008], which found
that details such as wrinkles increase the expressivity of realistic
characters, although in our case the effect is weaker.

In addition, a main effect of expression (F'*(2.57,59.10) = 204.6,
p < 0.0001, e = 0.642) and interactions between shape and ex-
pression (F*(5.78,132.94) = 19.00, p < 0.0001, ¢ = 0.361),
material and expression (F'(16, 368) = 5.04, p < 0.0001), and ex-
pression and model (F'(4,92) = 19.55, p < 0.0001) were found.
In particular, the happy, sad, and surprise expressions are perceived
with lower intensity as the realism of shape increases. This differ-
ence is significant in the majority of cases for shape levels s3 and s4
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Figure 11: Results of Experiment 2: While emotions do not differ
in realism, the anger expression was perceived as more eerie and
unappealing for all stylization levels.

(p < 0.01), but is less frequent for lower shape levels. The percep-
tion of the angry expression, on the other hand, remains constant
along shape abstractions.

Overall we found that expressions of cartoon shapes are perceived
as more intense, which confirms that properly stylizing features
helps increase expressivity. The neutral expression is hard to read
for very stylized character shapes, which suggests that low-intensity
subtle expressions are harder to convey in abstract characters de-
signed to enhance expressivity. Additionally, we found no or small
impact of material on the intensity or expression recognition, which
indicates that shape is the dominant dimension when designing ex-
pressive characters.

7.2 Effect of Expression on Realism and Appeal

In our previous experiments on material and shape with the five ba-
sic expressions (Section 5), we found that appeal and eeriness mea-
sure similar concepts, while effects for familiarity were generally
small. We focus here on the effect of expressions on realism and
appeal with the extended stimuli set. The rest of the analysis can
be found in the supplemental material. Figure 11 shows the results,
which we analyze below.

Realism A main effect of expression (F'(4,80) = 10.38, p <
0.0001) was found, which could be mainly attributed to the neutral
and sad expressions, which have been perceived as more realistic
(p < 0.006). Because the means are located within a small range
(£0.16), we classify this effect as noise and omit similar examples
for the rest of this section. Nevertheless, equal realism ratings con-
firm that expressions were well designed by the artists.

Appeal A main effect was found for appeal (F*(1.56,31.36) =
19.34, p < 0.0001, € = 0.392), which is primarily caused by the
anger expression (p < 0.001). These results reveal that anger is
rated much lower with respect to appeal. Previous studies reported
that negative emotions trigger unpleasant responses from the ob-
servers [Calder 1996]; our results confirm these studies. Moreover,
this effect is maintained even in the presence of highly stylized and
appealing characters, suggesting that negative expressions are per-
ceived as unappealing independent of stylization level.

Additionally, we observe that ratings are unsteady across different
stylization levels for the rest of the expressions. In many cases,
interaction effects between expression and shape or material are
found with p < 0.0001. Zhu et al. [2014] showed with photographs
that different instances of the same expression do indeed vary in
perceived appeal. We believe that this might also be the primary
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Figure 12: Participant ratings for our male stimuli plotted on a
realism-vs-appeal diagram, similar to [Tinwell et al. 2011b; Mac-
Dorman et al. 2009]. Each graph corresponds to one shape styl-
ization, while graph nodes correspond to material levels. The icons
are placed above the nodes of matching shape/material levels. The
diagram reveals that perceived realism is a bad predictor for ap-
peal. Instead, it is the compatible degree of realism of both shape
and material that matters.

reason for the variations in our ratings. We rule out recognition as
an error source, since all the expressions were recognized outstand-
ingly well (see previous subsection).

8 Discussion

Shape and material are two of the main aspects that define the ap-
pearance of virtual characters, which in turn are crucial when defin-
ing the visual look of animated feature films. We have analyzed
the perceptual effects of different stylizations along these dimen-
sions on computer-generated faces. In particular, we have stud-
ied five different stylizations of two virtual characters—male and
female—ranging from very realistic to highly stylized, varying both
the shape and the material.

Our results show that the main contributor for the perceived real-
ism is shape, and the effect of material stylizations grows when
shape realism is increased. This implies that mismatches in mate-
rial and shape are less prominent on abstract characters. The result-
ing asymmetry is shown in Figure 9 (a,c), where the curves spread
out as the level of realism increases.

On the other hand, we have found that material is the main fac-
tor for perceived appeal, specifically the albedo texture. In gen-
eral, appeal, attractiveness, and eeriness are highly dependent on
the material stylization. Matching levels of stylization of geometry
and material cause the highest ratings of appeal, while strong mis-
matches (e.g., very realistic material on a stylized shape) result in
unappealing and eerie characters.

Interestingly, as shown in Experiment lc and later backed-up
in Experiment 2, subtle stylization of a realistic material (edge-
preserving blur on the albedo texture) increases appeal without sac-
rificing realism. These stylizations de-emphasize unwanted skin
impurities, pores, and wrinkles, and our results are in accordance to
empirical knowledge regarding the effect of makeup. Moreover, our
results relate with previous findings on face perception showing that
smooth homogeneous skin is generally rated more attractive, since
it is a good estimate of a young and healthy subject [Fink et al.
2012]. However, this trend is only observed for mild stylizations,
and stronger ones quickly reduce realism.



Our results are consistent across all tested expressions, except for
anger, which was consistently rated less appealing and more eerie.
This can be explained by negative or aggressive expressions trigger-
ing a defense response and a negative reaction of the viewer [Calder
1996]. Our results are also consistent between different charac-
ters. Although small differences between the characters exist, all
reported trends are consistent and well visible.

Realism alone was shown to be a bad predictor for appeal (Fig-
ure 12), which is not well aligned with the theory of the un-
canny valley, although a similar finding was reported for render-
ing style [McDonnell et al. 2012]. One possible explanation is that
some of our characters were difficult to categorize by the partici-
pants, due to their mismatched appearance parameters [Saygin et al.
2012; McDonnell et al. 2012].

Finally, our experiments show how stylization affects the inten-
sity of expressions, and that shape is the main factor in this case,
whereas material has no significant influence for stylized shapes.
This confirms previous knowledge on modeling or drawing expres-
sive stylized characters, where expressivity is mainly determined by
the global shape of the character. However, for realistic shapes, we
have observed that material stylization slightly, but significantly,
reduces the perceived intensity of expressions. Another possible
explanation, which also merits further investigation, is that real-
istic characters make suspension of disbelief' harder to maintain,
and therefore observers find it more difficult to emotionally connect
with the virtual character. These results are consistent with previ-
ous work [Wallraven et al. 2007; Wallraven et al. 2008] and may
explain the conscious disturbing effect of stylizing hyper-realistic
characters in some movies (e.g., A Scanner Darkly or Renaissance).

8.1 Limitations and Future Work

As in all user studies, our results are only strictly valid for our par-
ticular set of stimuli. We have focused on a specific set of styliza-
tions for two realistic characters, varying shape and material follow-
ing typical designs used in feature animation. This of course limits
the universality of the conclusions, which may not generalize if the
character styles differ greatly from ours. However, since our design
space was densely sampled and the observed trends are consistent
between the different characters, we believe that our observations
can be used as valid guidelines for creating digital characters within
a reasonable range of styles.

In our statistical analysis, we employed a common significance
threshold of p < 0.05. With the amount of results we report, it
might be that some significant results are false positives. Because
we only focus on clear, reoccurring trends, and since many signifi-
cances have p < 0.001, it is unlikely that one of our main conclu-
sions is a false positive.

Investigating the effect of realistic and stylized animation was out-
side the scope of this paper, due to the number of stimuli combina-
tions that would have to be tested, and the technical complexity of
creating a scale of stylized animations. Previous work has shown
no difference in ratings for realism, and only small differences in
appeal ratings for static or motion-captured characters [McDonnell
et al. 2012]. However, we would expect a more complex interaction
between motion and appeal when combining characters and anima-
tions of different levels of stylization. Therefore, a full investigation
of motion stylization is an important future direction.

Finally, note that we analyzed clear peak expressions, avoiding the
less attractive transitions between expressions common in the real

!In fiction, the suspension of disbelief is a semi-conscious decision by
the viewer to accept as real what clearly is not. This allows her to connect
with the story.

world [Zhu et al. 2014]. Evaluating the impact of these transitions
for different stylizations could be also an interesting avenue of fu-
ture work.

In summary, we believe that our work provides many interesting
insights for the creation of virtual characters, and offers a set of
guidelines that we hope will help practitioners and inspire future
research on the perception of virtual characters.
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