


considered more humanlike with greater agreement ðM ¼ 1:77; SD ¼ 1:447Þ than the
Robot group ðM ¼ �1:60; SD ¼ 1:728Þ. The resulting absolute r values were greater for
each proportion in the Robot group than the Human group.

Tolerance for the acceptable range increased in the Human group for all four propor-
tions as ratings of humanlike, creepy, and ugly increased, and as ratings of alive, sexy, and
female decreased except female-eye separation. All ps were less than .01, except human-
like-eye separation, alive-jaw width, and female-cheek width p < :05, and humanlike-face
height, alive-cheek width, and sexy-cheek width p > :05. Correlations for tolerance in the
Robot group were weaker, and fewer correlations reached a significance level of p < :05.

3.5. Relation between attributes and best points

All results reported up to this point have been in terms of sensitivity to the best point
(standard deviation) or tolerance (acceptable range). Table 7 lists the mean of the best

Table 5
Correlation between attributes and facial proportions of human figures

Attribute Sensitivitya Toleranceb

Cheek Eyes Face Jaw Cheek Eyes Face Jaw

Humanlikec �.14** �.053 �.35** �.18** .13** .085* .003 .10**

Alived �.064* �.18** �.39** �.20** �.051 �.14** �.28** �.07*

Femaled �.44** .15** �.64** �.53** �.069* .086** �.12** �.076**

Sexyd .051 �.30** �.48** �.40** �.039 �.13** �.18** �.12**

Creepyd �.12** .21** .22** .052 .11** .16** .21** .14**

Uglyd �.17** .31** .27** .20** .094** .15** .18** .16**

a Sensitivity is participant’s proximity to the mean.
b Tolerance is participant’s acceptable range.
c n = 768 for cheek width and 852 for other proportions.
d n = 1164 for cheek width and 1248 for other proportions.
* p < .05.

** p < .01.

Table 6
Correlation between attributes and facial proportions of robotic figures

Attribute Sensitivitya Toleranceb

Cheek Eyes Face Jaw Cheek Eyes Face Jaw

Humanlikec �.33** .24** �.55** .14** .054 .014 .12** .032
Alived .061 .17** �.017 �.084** �.065* �.059 �.13** �.15**

Femaled �.042 .32** �.040 �.11** .073* .097** .054 .043
Sexyd .20** �.050 .16** �.12** �.080* �.091** �.069* �.13**

Creepyd �.43** .33** �.47** .10** .040 .008 �.091** .11**

Uglyd �.42** .26** �.47** .16** .070* .026 �.068* .14**

a Sensitivity is participant’s proximity to the mean.
b Tolerance is participant’s acceptable range.
c n = 640 for cheek width and 710 for other proportions.
d n = 970 for cheek width and 1040 for other proportions.
* p < .05.

** p < .01.
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point recorded by face and proportion. The variation between figures is because of the var-
iation between original proportions as listed in Table 1.

A two-tailed bivariate correlation between the six attributes and best points for the four
facial proportions indicated that a narrower cheek and jaw, shorter face height, and wider
eyes were related positively with humanlike and alive (all ps < :01). The attribute sexy only
had significant correlations with face height and jaw width (both ps < :01), aligning with
humanlike and alive. Creepy and ugly also had positive correlations with a narrower
cheek, shorter face height, and wider eye separation, but jaw width had a negative effect
on both attributes. Table 8 details the correlations between attributes and best points.

3.6. Difference in response by gender

An independent-samples t-test was performed, grouped by participant gender, on the
six attributes, four differences from best point, and four acceptable ranges. Female partic-
ipants showed less sensitivity and more tolerance in selecting facial proportions than male
participants. The difference in tolerance was significant ðp < :01Þ in all four proportions,
though the effect sizes were small with tolerance for cheek and jaw width the only differ-
ences with an r > :10. To understand further the effect of participant gender, the stimuli
were separated into Female, Male, and Robot groups.

Table 7
Best proportions by figure and facial proportion

Figure Cheeka Eyesb Faceb Jawb

Female photo 0.60 0.48 0.66 1.65
Male photo 0.44 0.65 0.59 1.80
3D female 0.54 0.56 0.49 1.76
3D male 0.61 0.51 0.75 1.64
2D female 0.33 0.72 0.59 1.69
2D male 0.73 0.47 0.74 1.74
Anthrobot 0.61 0.56 0.72 1.55
Barthoc, Jr. 0.48 0.59 0.51 1.91
Robosapien 0.73 0.47 0.63 1.92
3D robot 0.59 0.48 0.75 1.99
2D robot 0.50 0.45 0.58 1.85

a n = 194.
b n = 208.

Table 8
Correlation between attributes and best facial proportions

Attribute Cheek Eyes Face Jaw

Humanlikea �.28** .37** �.23** �.27**

Aliveb �.077** .12** �.090** �.18**

Femaleb �.27** .27** �.37** �.23**

Sexyb .037 �.008 �.094** �.25**

Creepyb �.23** .17** �.19** .13**

Uglyb �.25** .20** �.17** .16**

a n = 1408 for cheek width and 1562 for other proportions.
b n = 2134 for cheek width and 2288 for other proportions.
* p < .05.

** p < .01.
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In these groupings female participants continued to show less sensitivity and more tol-
erance than male participants. Male participants rated female figures as sexier
ðM ¼ :39; SE ¼ :110Þ than female participants ðM ¼ �:02; SE ¼ :13; tð619Þ ¼ �2:64;
p < :05; r ¼ :095Þ. Female participants rated robots as more humanlike ðM ¼ �1:38;
SE ¼ :11Þ than male participants ðM ¼ �1:75; SE ¼ :083Þ. The difference was significant
with a small effect size ðtð557Þ ¼ 2:73; p < :01; r ¼ :11Þ. Male participants rated the
Robot group slightly more sexy ðM ¼ �2:26; SE ¼ 0:048Þ than female participants
ðM ¼ �2:45; SE ¼ 0:053Þ. The difference in ratings of sexy was significant though the
effect size was very small ðtð1033Þ ¼ �2:65; p < :01; r ¼ :082Þ.

3.7. Result summary

Relations between attributes and sensitivity and between attributes and tolerance are
generally stronger the more human and realistic a stimulus appears. In most instances par-
ticipants showed increased sensitivity and decreased tolerance as ratings of humanlike,
alive, female, and sexy increased, and as ratings of creepy and ugly decreased. However,
this pattern had some variance between figure groupings and proportions. Participant gen-
der led to different results, particularly in assessing sexiness and the human likeness of
robots. Female participants also seemed to be more tolerant of varying facial proportions.

4. Discussion

4.1. Sensitivity and tolerance relative to human likeness

Hypothesis H1 predicted that the acceptable range narrows (tolerance decreases) as rat-
ings of human likeness increase. This hypothesis cannot be supported by this study. Tol-
erance for the range of acceptable facial proportions is not strongly correlated with
participants’ ratings of human likeness when viewing results for all 11 figures. Only toler-
ance to face height decreased as human likeness increased, while tolerance of cheek width
slightly increased as human likeness increased. This may be owing to lack of experimental
control because the representations were all of different figures; greater control could have
been obtained by varying the human likeness of the depiction of the same figure.

This study provides good support for H2: there is heightened sensitivity, that is, greater
inter-rater agreement concerning the best point, as human likeness increases. (Heightened
sensitivity is measured by smaller differences from the best point.) As ratings of humanlike
increased, sensitivity increased in all proportions except eye separation. Face height and
jaw width had large effect sizes while viewing all figures.

4.2. Sensitivity and tolerance relative to attractiveness

H3 and H4 are both related to ratings of attractiveness. This study asked participants to
rate ugly and sexy. While these terms may not be exact antonyms (attractive–ugly) or syn-
onyms (attractive–sexy), they will be used to evaluate attractiveness.

The results of this study support H3, which predicts decreased tolerance (a narrower
acceptable range) as ratings of attractiveness increase. Tolerance decreased significantly
for the relation between sexy and eye separation, face height, and jaw width. The relation
between sexy and cheek width showed decreased tolerance; however the effect size was
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very small, and the relation did not reach significance. The relations between ugly and each
facial proportion showed increased tolerance as ugliness increased, and all relations were
significant.

Hypothesis H4, claiming sensitivity does not vary based on assessments of attractive-
ness, is not supported. Participants had greater sensitivity to the best proportions in sexy
figures and less sensitivity in ugly figures than those at the other end of the scale.

There were significant correlations between attributes sexy and ugly and all four facial
proportions. Sensitivity increased as sexiness increased in eye separation, face height, and
jaw width. Likewise, sensitivity increased as ugliness decreased in eye separation, face
height, and jaw width. Sensitivity to the best cheek width moved in the opposite direction
of the other facial proportions, increasing as ugliness increased and decreasing as sexiness
increased. This effect was observed in both the Human and Robot groups, though the rela-
tion between sensitivity and facial height flipped for sexy in the Robot group.

4.3. What proportions are best?

Thus far, all discussion has been on sensitivity and tolerance. Do the selections of best
points reveal anything interesting? Costa and Corassa (2006) found artists exaggerate the
size of the eyes and lips and the length of the face. Table 9 lists the frame selected as the best
point for each figure and facial proportion and shows the extent of change from the figure’s
original proportion. Participants preferred narrower cheeks and jaws and longer faces than
the original images. Preferences for eye separation differed between human and robotic fig-
ures. Participants preferred narrower-set eyes in human figures and wider-set eyes in robotic
figures.

4.4. The creepiness of the unknown human

A two-tailed bivariate correlation among attributes showed strong, positive correla-
tions between humanlike and alive, sexy, and female. Further analysis revealed a region

Table 9
Best frames by figure and facial proportion

Figure Best frame Difference from original framec

Cheeka Eyesb Faceb Jawb Cheeka Eyesb Faceb Jawb

Female photo 8.10 11.88 11.42 8.36 �2.90 0.88 0.42 �2.64
Male photo 9.15 8.18 9.10 5.55 �1.85 �2.82 1.90 �5.45
3D female 12.73 11.10 11.63 5.00 1.73 0.10 0.63 �6.00
3D male 8.24 8.33 11.17 7.18 �2.76 �2.67 0.17 �3.82
2D female 11.53 9.89 11.02 10.35 0.53 1.11 0.02 �0.65
2D male 12.27 11.05 12.05 10.07 �1.27 �0.05 1.05 �0.93
Anthrobot 9.04 9.84 13.16 9.63 �1.96 �1.16 2.16 �1.37
Barthoc, Jr. 9.76 13.44 10.14 10.88 1.24 �2.44 0.86 0.12
Robosapien 10.95 7.82 13.23 9.17 �0.05 3.18 2.23 �1.83
3D robot 11.09 13.28 14.44 9.43 0.09 2.28 �3.44 �1.57
2D robot 8.31 9.94 12.18 7.43 �2.69 1.06 1.18 3.57

a n = 194.
b n = 208.
c Difference in frames (or percentage) corrected for direction of change in Flash movie.
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of heightened creepiness associated with the uncanny valley. Fig. 6 plots the mean value
for the attributes alive, sexy, creepy, and ugly when participants rated humanlike accord-
ing to the values on the x-axis. Mori (1970) predicted creepiness when a figure is nearly
human. This study indicates participants sensed heightened creepiness when they rated
humanlike as neutral.

It would be easy to ascribe this phenomenon to the effect of the robot Barthoc, Jr. This
figure had the highest rating for both creepy and ugly, while the rating for humanlike was
very close to neutral. But Barthoc, Jr. was considered least creepy when its human likeness
was rated as neutral.

4.5. Gender differences

We were concerned that male participants would be more reluctant to rate male figures
as sexy than female participants would be for female figures. Indeed, ratings of male fig-
ures for the attribute sexy were higher from female participants than from male partici-
pants; however, this difference was not statistically significant. What did achieve
statistical significance was the difference between ratings of sexy for female figures; male
participants provided higher ratings than their female counterparts.

Female participants showed greater tolerance in the acceptable range of facial propor-
tions for all stimulus types (Female, Male, and Robot). Female participants also consid-
ered the robotic characters to be more humanlike than did male participants. These results
may be related. Possible causes include traditional feminine nurturing roles causing
increased acceptance, and males’ generally higher familiarity with robots and other
mechanical objects as tools and diminished need to anthropomorphize them. These expla-
nations are purely conjectural.

4.6. Summary

This study examined the relations among sensitivity to best facial proportions, tolerance
for acceptable facial proportions, and several characters attributes. It demonstrated signif-
icant correlations between the selection of best proportions and ratings of human likeness
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Fig. 6. Ratings of humanlike versus the mean of other attributes. The rating for the attribute creepy is at its
highest when human likeness is indeterminate.
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and attractiveness. It also demonstrated that while there is a significant correlation between
acceptable ranges for facial proportions and ratings of attractiveness, such a relation cannot
be established between acceptable range and human likeness. An uncanny valley was found
when participants were most ambivalent about the human likeness of a face.
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