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Abstract: The Uncanny Valley hypothesis describes the
negative emotional response of human observers that is
evoked by artificial figures or prostheses with a human-like
appearance. Many studies have pointed out the meaning
of facial features, but did not further investigate the impor-
tance of eye contact and its role in decision making about
artificial faces. In this study we recorded the number and
duration of fixations of participants (N =53) and recorded
gaze movements and fixations on different areas of inter-
est, as well as the response time when a participant judged
a face as non-human. In a subsequent questionnaire, we
grasped subjective ratings. In our analysis we found cor-
relations between the likeability and the duration of eye
fixations on the eye area. The gaze sequences show that
artificial faces were visually processed similar to the real
ones and mostly remained not assessed as artificial as long
as the eye regions were not considered.

Keywords: Uncanny Valley, Eye Tracking, Human-likeness,
Subjective Ratings, Eye Contact

1 Introduction

Artificial systems are often designed according to human
expectations and simulate human-like appearance to improve
ways of interaction or communication. But a certain phenom-
enon causes that observers of such realistic figures reject a
very human-like artificial representation. The Uncanny
Valley hypothesis suggested by the roboticist Masahiro Mori
[29] describes the negative emotional reaction of a human
towards figures or prosthetics that are not quite human-
like. The term emerges from the function curve which illus-
trates the relationship between affinity and human-like
appearance (Figure 1). The more human-like characteristics a
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figure has, the more likely it will be accepted. Nevertheless, at
a certain point the similarity to humans causes a reverse effect,
and the affinity rapidly changes to aversion, eeriness, and
repulsion. The figure appears uncanny to its human observer
and falls in the aforementioned valley. Only a distinctively real
human is fully accepted by observers. [1, 24, 25]. Mori also clar-
ified the role of motion: the effect is thought to be stronger if
figures are in motion or interacting. Robotic engineers, puppet
designers or computer animators seek to improve the subjec-
tive appearance and behavior of their figures in an intended
way. In uncanny research the phenomenon and its impact
has produced inconsistent findings so far [2, 5, 6, 12, 32, 35, 36]
1970. The objective is to understand the cognitive proceed-
ings in the course of the observation of human-like figures.
This knowledge might help character designers to elaborate
anthropomorphic features and to design a volitional accept-
ance of artificial figures. Difficulties arise since humans per-
ceive the ambiguity in categories when they cannot clearly
distinguish between a human and an object. Therefore, the
current research focuses on the examination of differences in
visual processing of ambiguous faces, which allegedly caused
difficulties in categorization.

A common approach to studying human visual percep-
tion of digital imaginary figures is recording eye movement
using eye tracking devices. This technique has had a pro-
found influence on our understanding of the mechanism
of recognition of faces and has been established as an
important method of collecting empirical measurements
[7, 19, 33]. Polygonal areas of interest (AOI) provide import-
ant information on the number and duration of fixations
within predefined areas on two-dimensional stimuli. The
disadvantage of this method is that variations can arise due
to different patterns of AOI boundaries and thus possibly
lead to inconsistent results. For this reason some studies
reject such templates completely and focus on the differ-
ences between the stimuli [37]. It is noteworthy to mention
that this method only works for figures with identical pro-
portions of facial features. A wide range of stylized, drawn,
uncanny, and real faces suggested by Mori’s graph would
not allow drawing direct comparison of gaze sequences.

The present paper focuses on differences in eye move-
ment behavior depending on the type of figures that are
observed. The question is how eye contact is relevant for
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Figure 1: Simplified diagram (illustration from MacDorman 2005) of
Mori’s graph shows the generally positive feelings of an observer
towards artificial entities with a certain degree of human-likeness.

categorization of negatively rated characters and whether
there are fundamental differences in observation schemes
compared to a situation when photos of ordinary people are
observed. Answers to that could give a better understand-
ing of human perception with artificial entities and could
provide hints how to improve interactions with human-like
systems. Our approach to studying human visual percep-
tion using eye tracking. This technique has had a profound
influence on our understanding of the mechanism of recog-
nition of faces and has been established as an important
method of collecting empirical measurements [19].

2 Related Work

Approaches to define the dimension of human likeness
(DHL) with a linear morph continuo [5, 6] 1970 lead to
prolonged response times during a categorization task
with ambiguous stimuli. Regardless of whether an object
is human-like or not, difficulties in categorization lead to
negative ratings or feelings [40]. Green et al. [13] also recog-
nized that face proportions such as differences in jaw width
or face height have an impact on the subjective perception
of human-likeness. It is assumed that judgments about
familiarity and the respective categorization as well as the
notion of an average face are formed basing on previously
recognized faces [4]. Average faces generally perceived
as attractive can hardly be compared with faces of less
human-like characters. For example, cartoon-faces can
show a high acceptance rate whereas computer-generated
faces with even a higher similarity to an average human
face are often perceived as uncanny. This study highlights
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the differences in visual perception of different types of
faces (i. e. ambiguous and clearly attributable). These also
include drawn, stylized, artificial, and lifelike faces.

Mori associated the phenomenon with our aversion
towards corpses. MacDorman [23] argues that eerie anthropo-
morphic figures trigger the subconscious fear of death. This is
a highly discussed topic regarding the Uncanny Valley theory
[16, 28, 36]. A study on monkeys shows that this phenomenon
also occurs in primates [34]. This leads to the assumption that
there is an evolution-related cognitive connection between
the uncanny valley and the fear of death. For this reason here,
we include pictures that depict deceased persons standing
upright with opened eyes. This kind of post-mortem photo-
graph was particularly common in the 19" century [26], and
the practice lives on in some cultures today. Although these
photographs are supposed to create an impression of a life-
time snapshot, they produce a particularly gruesome effect
on the viewer, as our study shows.

The Uncanny Valley hypothesis refers both to the
overall impression created by a figure as well as to its pros-
theses. However, in the perception of human-like figures,
increased attention is undoubtedly paid to the face and the
eyes [15, 17, 18, 20, 31, 38]. Farah et al. [9-11] assume that
face recognition is fundamentally different from object rec-
ognition. Even the simplest stroke patterns (e. g. emoticons)
or templates are attributed to facial human characteristics.
Of all facial features, the eye area draws the most attention
and the highest number of eye fixations (40 %), and thus
shows the highest attention rate [17, 18]. Previous studies
on artificial figures confirm this assumption [6, 12, 22, 25].

Therefore, main focus of this study is dedicated
particularly to fixations on the eye regions and differ-
ent gaze patterns on faces of different artificial human
representations.

3 Materials and Methods

3.1 Stimuli

68 images of persons and figures were created with 3D mod-
elling software, captured from movies and games or chosen
from the internet. Authors and owners of images gave
consent for the use of their images in this study. The sample
composition represents a cross section of character styles
that are related to the scale of human-likeness in Mori’s
graph and have been examined or mentioned in previous
studies. Based on the type of face, the portraits were classi-
fied into these 8 categories: 13 real persons in photographs
(ordinary human), 21 computer-generated (CGI), 9 cartoon
figures, 5 wax sculptures, 5 geminoids (androids), 5 humans
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with visible impacts of cosmetic surgery, 3 deceased
(post-mortem), and 3 hyper-realistic cartoon figures with a
real look. There were 11 pairs of images with the same or a
very similar person and the same posture. 4 images show
a pair: a person and his or her double. All depicted figures
have a neutral facial expression and an upright posture.

Computer-generated faces can be recognized due to
junctions or contours. Cheetham et al. [6] 1970 mentioned
that in addition to the mouth, eyes, and nose, other areas
such as hair, hairline, and head contours may be of inter-
est. For this reason we masked faces with no oval overlay
and made no additional changes to the back- and fore-
ground. None of the stimuli was manipulated. The only
change applied to the figures was a uniform cut of the face
sizes to fit a Full-HD screen resolution.

3.2 Participants

Participants (N=53, 26 male, 27 female; aged 18-63
years, M = 31.7) were volunteers among students and staff
of our University or visitors on the campus. All stated
that they have no mental or physical illness. 21 partic-
ipants were wearing glasses during the examination. 45
participants were German, 2 Chinese, 1 Indian, 1 Italian,
1Mexican, 1 Pakistani, 1 Turkish, and 1 from USA. 21 partic-
ipants claimed to have no experience with computer and
video games. 16 played once per week, 12 several times a
week, 4 daily. 3 participants never watched featured films,
15 watched one per week, 28 several times a week, and
7 watched them daily. There were 13 active in art or human-
ities, 11 engineers, 6 social scientists, 15 involved in nature
sciences, and 8 non-academicians. 14 participants stated
that they had heard the term ‘Uncanny Valley’ before.

To get a profile of the individual view toward artificial
figures, we asked the participants whether it makes sense
for them to build or to simulate human-like figures. 16 gave
their consent. Before the eye tracking test, all participants
declared their agreement to a data protection and privacy
policy. After the test they were asked to fill out a question-
naire. One far-sighted participant wearing glasses could
not perform the test because of too strong diopter values
(+12, r) that could not be calibrated by the device.

3.3 Procedure

Participants were seated upright on a fixed chair in front of a
21,7” LCD Monitor in a soundproof lab. Non-reflective white-
boards were used to prevent reflections of infrared light.
The background brightness was 320 lux. Every procedure
took about 20 minutes. At the beginning of the eye tracking
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test each participant was instructed about the procedure
itself (calibration, first test, session). After 30 slides had
been demonstrated, a participant took a break and received
further instructions about the categorization task. The
viewing distance was 60 cm. At the beginning of each exper-
iment, a 12-point-matrix calibration was conducted with
every participant. To avoid fixed gaze in the same position
as on the previous slide, a black screen was shown between
the stimuli.

All images were presented for 10 seconds. The subjects
could move their eyes freely. After a random sequence in a
group of 30 stimuli, a pause followed with an instruction
slide providing information about the upcoming reaction
measurement. The subject had to press the buzzer if he or she
believed that a figural representation was not a real human.
Two participants asked what real means. We repeated the
task orally and added the note, that some human rep-
resentations are artificially produced. To prevent confusion
between stimuli and the instruction slide, the test only con-
tinued after the participant made an initial input. 38 further
stimuli of the categories ordinary human, wax sculptures,
cosmetic surgery, and CGI were shown for 10 seconds. When
areal figure appeared and the subject gave no response (did
not press the buzzer), it meant the subject recognized a real
figure correctly. When an artificial figure was shown and the
subject gave no response, it meant that the artificial figure
was perceived as a real human (and thus “passed” the test.)

With this experimental scheme, it was not possible
to measure response time when real human figures were
displayed, since in this case participants simply had to
wait until a trial finished. The benefit to this method was
the possibility of getting precise measurements of the
affective reaction with very low latencies when unrealis-
tic figural representations were demonstrated. A multiple
selection during a complex categorization task could have
led to delays and long considerations.

The last task in this experiment was a categorization task
with 4 final images. On every image there was a real human
and the same person with a digital double or a doppelganger
android. The subject had to press the left or right keyboard
button to identify the “fake.” This part of the experiment was
not included in the regular AOI calculations or other fixation
measurements of the previous stimuli. This was the final part
of the eye tracking experiment.

The eye tracking device was a Tobii X230 Compact
Edition® with 30 Hz. Recording and playback of the slides
was carried out with OGAMA 4.3 [39] on an Intel i7 3635QM
with 2,4GHz and 32GB RAM. After each recording, a

1 Technical specifications of the eye tracker can be found here:
http://www.tobii.com/en/eyetracking-research/global/products/
hardware/tobii-x2-30-eye-tracker/
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backup of the eye tracking data was copied on an external
drive via batch script. After every eye tracking session, a
questionnaire was handed out. On a numeric rating scale
from 1 to 10, participants were asked to state subjective
value for realism, human-likeness, likeability, and attrac-
tiveness of each figure. Then the participants were asked
to indicate whether they had already known the figure
before. To specify additional characteristics of the pre-
sented figures, participants could freely choose between
15 positive and 15 negative attributes randomly assorted
in a multiple-choice matrix.

3.4 Analysis

The recorded raw data were aggregated to eye fixations.
A fixation was calculated by the maximum distance of
20 pixels (0.45°) and the minimal number of at least 3
samples (100 ms) of successive gaze positions. Lost data
through eye blinking or fixation outside the screen were
discarded. The first fixation of a stimuli recording was
not deleted. AOIs, events, and the fixation table were
exported separately for further analysis. The analysis
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and calculations of AOI hits were performed using SPSS
V. 21 and Excel 2013. To clearly delineate areas of inter-
est, we used a template for polygonal boundaries shown
in Figure 2. The template resulted from a preliminary
study on the accuracy and precision of the eye tracking
device. In order to understand the significance of facial
features in the processing of eerie faces, we decided to
use a common facemask and thus apply similar bound-
aries of polygonal regions of interest on each face.

It is important to note that AOI sizes had to be
different due to the presented stimuli. However, we
assume that we can make reliable statements about
the proportion of attention within the specified AOI
boundaries and with a relative calculation of facial fix-
ations and dwell time. In order to be able to compare
several samples with absolute fixation times, we pro-
vided identical AOI for 12 stimuli pairs — usually that
of the same person or character (cartoon vs. hyper-real,
computer-generated vs. real, etc.). Fixations outside the
predefined regions, in accordance with Figure 2, were
treated separately (neck, background, out of display,
for example). The AOI boundaries were invisible for the
participants.

Boundaries AOI groups

facial
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right eyebrow
left eyebrow eyebrows
right eye
{mm left eye e
left eyebm right eyebrow right cheek cheeks
; left cheek
left eye = - right eye -~
left ear [iglear right ear
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Figure 2: Boundaries of a predefined area of interest on a face. Divided and symmetrical areas were summarized into AOI groups of

respective pairs (eyes, ears, cheeks, ears).



DE GRUYTER OLDENBOURG

V. Schwind and S. Jdger, The Uncanny Valley and the Importance of Eye Contact =—— 97

subjective rating

¢ . . . .

-#human-likeness

-e-realism

cosmetic
surgery

hyperreal cartoon

cartoon

geminoid

post mortem CGl

wax sculpture ordinary

human

Figure 3: Human-likeness sorted by increasing subjective assessments of the participants.

4 Results

4.1 Questionnaire

Subjective assessments design the sorting of the catego-
ries in graphs and descriptions of the human-like axis in
further diagrams of the study. The resulting ratings follow
the order of human-likeness: 1. Hyper-realistic cartoon
(M =1.667,SD =1.062), 2. Cartoon (M = 2.560, SD = 1.984),
3. Cosmetic surgery (M=5.571, SD=2.866), 4. Robots
(M=6.548, SD = 2.847), 5. Post Mortem (M = 6.976, SD = 2.540),
6. CGI (M=7.857, SD=1.905), 7. Wax sculpture (M=8.786,
SD =1.337), 8. Ordinary human (M=9.119, SD =1.419).
The sorting of human-likeness organized the subsequent
evaluation of the categories without a linear morph
continuo. The average subjective ratings of human-
likeness and realism per trial show a strong positive cor-
relation between human-likeness and realism (r = 0.966,
p<0.001, N=64, CI_=0.011, CI, =0.008). Both realism
and human-likeness result in the same categorization
sequence (see Figure 3).

Attractiveness and likeability also show a strong pos-
itive correlation (r=0.921, p<0.001, N=55, CI_=0.024,
CIL, = 0.018). Ratings show differences between familiar
and unfamiliar faces, especially in case of cartoon and
hyper-realistic cartoon figures. Cartoon figures were
rated more positively when they were familiar to the
observers. An independent t-test shows a significant dif-
ference in the ratings of known (M=8.200, SD =2.203)
and unknown (M=4.562, SD=2.257) cartoon figures:
t(80) =7.233, p<0.001.

The examination of a multiple choice matrix with 30 dif-
ferent characteristics as a supplement of the subjective
scale ratings provides additional insights: at first glance,
the participants were certain about the category they
could attribute to the observed figural representations.
Deceased, for example, were categorized as artificial by
only 6.98% of participants and as ordinary humans by
5.81%. In contrast, cartoon characters (46.51%), hyper-
real cartoons (53.49 %), and humans with visible impacts
of cosmetic surgery (51.16 %) were all often rated as arti-
ficial. Participants rated certain images as repulsive:
hyper-real faces (30.23 %), images in the cosmetic surgery
group (34.11%), and the deceased (60.47 %). Interestingly,
4419 % of the participants assessed neutral faces of the
dead as “aggressive.” The same holds true for hyper-real
cartoons (34.88%) and for cosmetic surgeries (27.91%).
This possibly indicates that the deceased were imme-
diately perceived as a threat despite their neutral facial
expression. This phenomenon is illuminated in detail in
the analysis of the eye tracking data.

4.2 Response Times and Fixation Sequences

To answer our research questions and to facilitate the
analysis of the eye tracking data, it was necessary to
clarify whether significant changes in gaze behavior
occurred during the reaction test. In this part of the eye
tracking test, the subject was asked to press an input
button in case the presented figure was not a real human.
We found no differences between the relative fixation
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(F) CG film figure “Aki Ross", Final Fantasy - The Spirits Within, (c) Square Pictures / Columbia Pictures
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Figure 4: Relative dwell time on facial regions. The curves show the ratios of the average dwell time on various facial regions. The error bars

on the eyes curve show the standard error.

times on a face. An equivalent test confirmed this result:
we performed a paired t-test, which showed no signifi-
cant differences within the relative distribution between
the dwell time in rated and unrated trials (p>0.05),
except for the forehead region (p=0.007). The same
analysis of fixations before and after the identification
of a virtual figure was conducted within identification
tests. This analysis provided similar results. During the
reaction test, no significant differences between the
ratios of facial attention were recorded.

To examine whether the task had an impact on the
overall number and duration of fixations, we considered
the average number of fixations and duration before
and during a reaction measurement. An independent
t-test showed that the average duration of a fixation
before (M=354.87, SD=370.72) and during a reaction
test (M=350.49, SD=358.53) differed with a mean of
4.389ms and was minimally elevated (higher attention)
with no significant difference (a=0.05) between the two
t(77032) =1.716, p=0.086. We assume that the reaction
test had apparently no significant effect on the number
and duration of fixations. Since the subjects were not
informed that a check for fakes of the figures will be part
of the test, we can exclude the possibility that this was of

any influence on their gaze behavior. However, we can
assume that participants knew that it was part of the
experiment. Such conscious analysis of artificial figures
may take place in reality as well. We therefore suspect that
subjects searched for the truth of whether a character was
genuine or not, and thus displayed no concrete changes
in gaze behavior.

However, the relative dwell time on facial features
varies between the categories. Figure 4 illustrates a sig-
nificant decline of fixations and dwell time on the eye
regions of figures that were rated as less attractive and
had an average human-likeness. Depending on the cat-
egory, attention was paid to the surrounding features
instead. In figures after cosmetic surgery, fixations shifted
to other areas of the face, whereas in geminoids the atten-
tion tends to be given to the mouth region. A difference
of 1.1% between the dwell time on the eyes of ordinary
people (M=35.19%, SD=21.79%) and CGI characters
(M=33.29%, SD=20.23%) is relatively low and exceeds
no general significance level, t(1800) = 1.776, p = 0.076).

The most significant difference in facial fixation time
(15.98%) was recorded between the eye regions of ordi-
nary people (M=35.19%, SD=21.79%) and post-mortem
photographs (M =19.21%, SD =19.64 %), t(846) = 8.417,
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Figure 5: AOI hits of the first 25 fixations. The diagram shows the distribution of attention in four selected categories: eyes, mouth, nose,
and hair. In the 2" fixation (3) after the emergence of the image (1), almost 40 % of all fixations landed on the eye region.

p<0.001. The subjects looked at the underlying cheek
region instead. Similar observation regarding menacing
facial expressions is done by Moss et al. [27]. Their study
pointed particularly to differences between genders. A
one-way ANOVA of all fixations within our study shows no
significant differences between the occurrences of male
and female fixations exceptionally for mouth (M;=0.101,
M,, = 0.084 [F(1,51) = 5871, p = 0.190]) and background regions
(M;=0.130, M, = 0.164 [F(1,51) = 8585, p = 0.005]). That indi-
cates that women fixated more frequently on mouth regions
and men on background structures. As mentioned above,
images of the dead were often rated in the questionnaire as
aggressive and repulsive. No significant difference (0.19 %)
was observed between the average facial fixation time in
the case of ordinary humans and CGI figures (M =33.38 %,
SD =20.32%), t(256,630) = 1.757, p = 0.076. The analysis indi-
cates that the most and longest fixations were recorded in
the case of photographs of ordinary humans. Our evalua-
tion demonstrates that eyes receive the most attention in all
categories of human-like figures.

Figure 5 shows the relative dwell time on the four most
important facial areas of interest during the first 25 fixations.
At the very beginning of the trial, the eye regions attract
attention like a magnet. The fixation sequences in all cate-
gories prove that. Up to the 2™ and 3" fixation, almost 45%
of all cases hit the eye regions. Also, nose and mouth are
targeted increasingly at the expense of other features. For
example, hair, chin, and cheeks play a subordinate role in
the 1¢ fixations. After the initial visual contact (the 4" or 5*
fixation), eyes fall in importance. At this point we can rec-
ognize a difference in the gaze behavior depending on the

category. The relative attention paid to the eye regions of CGI
figures is slightly lower than that of photos showing ordinary
people. This explains a small but measurable difference in
the dwell times between the two categories in Figure 5. The
difference is particularly obvious between the eye regions
and can be explained by the fact that other facial regions of
CGI figures need to be examined more than real people. The
ambiguity provoked by the CGI faces results in fewer fixa-
tions on the eye region and thus additional facial features
had to be considered to make a decision. The proportion
of attention paid to these additional characteristics differs
depending on stimuli (see “Direct Comparisons”). In the
case of artificial faces, the distribution of fixations moves to
other features at the expense of the relative fixation count
on the eye region. However, in trials with both CGI and real
figures, the most attention was paid to the eyes.

The graphs in Figure 6 show the occurrence of gazes
resting on the eye region during the whole trial sequence
within a time interval of 100 ms. The curves illustrate the
relative occurrence of gazes focusing on the eye region of
CGI figures, cosmetic surgical patients, wax sculptures,
and ordinary humans. Noticeably, a considerable increase
of attention paid to this region is registered within the first
400ms. The increase reaches its peak after 400-600 ms.
After that, the attention decreases and settles at a stable level
after about 1200-1400 ms (the time of the 4% and 5™ fixation)
until the end of a trial. Fixations on the eye regions reach
a stable level in a time range in which most decisions have
been made. With minor deviations depending on the degree
of realism, this judgment generally applies to all categories,
including photographs depicting ordinary humans.
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Figure 6: Temporal gaze sequence. The diagram shows the relative occurrence of fixations on the eye regions.

When a CGI figure was demonstrated, 39 participants
responded within 800 to 1000 ms. 38 responded within
1000-1200ms. When wax sculptures (16) and cosmetic
surgery patients (12) were shown, most responses also
followed within 1000-1200ms. A period of 400-600 ms
elapsed between the highest amount of fixations on the
eye regions of CGI figures and the average response time
of the participants. As mentioned above, some real faces
of ordinary humans and cosmetic surgery patients were
rated as unreal. Overall, 87 % of responses in the case of
images of ordinary humans and only 36 % of responses in
the case of cosmetic surgery patients got a correct rating.
Wax figures ended up with 50 %, whereas CGI figures with
66 %. This explains the results of the questionnaire, accord-
ing to which CGI figures were considered unrealistic and
less human-like than the wax figures: they were recognized
more often. The high error rate in the case of images of faces
extremely altered by cosmetic surgery is obvious due to
their strong deviation from a regular human face.

A certain amount of time passes between the first eye
contact and the response. This suggests that eyes might
be a very important feature for the assessment, but it
does not clarify whether they are an explicit trigger for
the reaction itself. It is possible that in the last fixations,
other regions attract attention before a reaction occurs. To
find strong differences between the respective regions, we
conducted a one-way ANOVA of the relative count of fixa-
tions. No significant differences could be found between
the 4 fixations [eye region: F(3,208) =1.477, p =0.335, all
other: p>1.34]. Only trials with 4 fixations before a reac-
tion were included. The proportion of attention in the last
4 fixations before a response was given shows no signifi-
cant changes.

The immense importance of the eyes in decision
making is illustrated by the following results: in 78.45%
of all trials (1580 of 2014 samples), participants fixed
their gaze on the eye region at least once before they
made a decision. If we consider areas adjacent to the eye
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region (eyebrows, cheeks, nose), these were 88.98 % (1792
of 2015 samples). The mouth region was fixated in 59.15 %
and the nose in 69.98 % of all cases at least once before
the decision was made (hair: 47.61%, forehead: 46.05 %,
chin: 18.18%, ears: 11.12%, respectively). The impor-
tance of eye region becomes particularly evident when
we count facial locations during the last fixation before
a response follows. In 37.43 % of all cases (280 of 748) the
last fixation was on the eye region. Other AOIs were fixed
significantly less (nose: 14.44 %, mouth: 11.23 %, cheeks:
12.30 %, hair: 9.89 %, eyebrows: 6.95 %, forehead: 5.21%,
chin: 1.74 %, ears: 0.80 %). Thus we can conclude that eye
tracking data prove eye regions to be the most important
criterion in the decision making process. Eyes are also the
most important facial feature regarding the proportion of
attention when artificial figures are observed. Other facial
features may also play a considerable role in unmasking
and subconscious recognizing of artificial figures, but in
most cases no decision is made without fixing a gaze on
the eyes. It is clear that without eye contact, hardly any
decision is made.

4.3 Correlations

Pairs of average response times and the mean of the
respective subjective evaluation per trial revealed a strong
positive correlation between the duration of a response
and the specified realism of a figure (r=0.740, p<0.001,
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N =55, CI_=0.070, CI, =0.054). In contrast, reaction time
and human-likeness correlate moderately (r=0.673,
p<0.001, N=55, CI_=0.083, CI,=0.066). The later the
response was given, the more realistic or human-like an
image was rated. Attractiveness correlates weakly with
the response time (r=0.383, p=0.004, N=55, CI_=0.123,
CI, =0.108). The moderate correlation between likeability
and the fixation time on the eye region (r = 0.435, p = 0.001,
N =55, CI_=0.118, CI, =0.102) is the strongest correlation
between the fixation times on facial areas and subjective
ratings. Other significant correlations (p<0.05, r>0.2)
between response times and subjective ratings or fixation
time on facial regions could not be found.

4.4 Direct Comparison

Calculating direct differences in gaze behavior, we could
identify some treacherous areas. Compared to previously
obtained findings, these were revealed less often. Our ana-
lysis shows differences in facial preferences of the observ-
ers before, during, and after the verification process. Local
shifts of attention and absolute dwell time can be deter-
mined with a specific template (e. g. CGI or photo). When
we draw a direct comparison between the attention areas
in the case of an ordinary human image and a CGI image,
we notice a significant shift of attention within facial areas
when unrealistic features are observed. For example,
Figure 7 illustrates the shift of attention towards the lack
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Figure 7: Direct comparison of the same person in CGl and on a photo. The diagram illustrates the relative dwell time spent on individual

AOls in direct comparison.
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of glossiness in the backscattering of the hair. Noteworthy
in this case is that there are fewer fixations on the fore-
head. This direct comparison makes clear that difficulties
in the process of categorization can cause higher dwell
time at the expense of other external features. In the con-
sidered case, there is a significant effect between fixations
on the hair and forehead. A one-way ANOVA between
the CGI representation and the photo shows a significant
effect on the hair [F(1,104) = 6.134, p = 0.015] and the fore-
head [F(1,104) =5.929, p = 0.026)].

The direct comparison of a real person and his or her
artificial double in the same image (three geminoids and
one CGI character) on the final 4 stimuli show that higher
attention was paid to the part of the image that displayed
a non-human figure. The images were placed left and
right, with the boundary in the middle. The subject had
to choose the artificial figure using the keyboard cursors.
In this task the images of real humans got significantly
lower attention rates than their artificial counterparts.
The dwell time on the doubles (M =3232.89, SD =1401.73)
was significantly higher than that on humans (M = 2657.27,
SD=1252.65) with t(212)=5.171, p<0.001. The fixation
count on doubles (M=14.773, SD=5.865) was signifi-
cantly higher than on the human counterpart (M = 14.773,
SD =5.865) with t(212) =5.792, p < 0.001. This indicates that
this particular categorization task led to higher fixation
times on the side of the image where a non-human was
depicted (the other side showed an image of a real human).
The average response time was also higher (M= 3855.47,
SD =2619.32) compared to the previous single face trials
(M =2717.89, SD = 2040.52), t(267,777) = 5.924, p < 0.001. The
average rate of correct answers was higher (83.01%) than
in the other trials (60.49 %), without a highly significant
effect t(18) = 1.743, p=0.098.

5 Discussion

This paper shows that the visual search of eye regions
is an essential part in gaze behavior and distinguish-
ing between real and artificial humans. The analyses
of the gaze sequences show that faces in the major part
of trials have not been evaluated, as long as the eyes
were not considered also with faces that differ from the
human norm. Our results show that this recognition
occurred between 800-1200 ms after the appearance of
a stimulus and at 400-800 ms after the first eye contact.
A large number of subjects take its decision only when
they draw attention to the eyes of a figure. Therefore,
eye contact plays the same role both in decision making
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and in the judgment of whether figures are artificial or
real. Correlations analyses show, that the more realis-
tic a figure is, the longer participants need to identify
them. We found further correlations between subjective
ratings of faces and the duration of gaze fixations on the
facial area of the eyes.

The shorter the eye contact, the more negative the
subjective rating. We therefore assume, that acceptance
and ways of interaction with human-like artificial figures
could be particularly improved by more credible eyes
and eye related areas. It is important to note that behav-
ior of the first fixations does not significantly differ from
normal and task-driven gaze behavior. An interesting
hypothesis arises: gaze behavior does not change due to
the task because it continuously runs. We assume that
usual human shape is continuously assessed by the same
perception process that also differ artificial faces from
real ones. Obviously, this kind of process runs parallel to
the recognition pattern which is only activated for objects
when something is classified as autonomous. This visual
process in face recognition has to be investigated in con-
ducting further studies for a better understanding of the
Uncanny Valley.

We suppose, that future research should investigate
which kind of fear human-like entities actually provoke
after first eye contact and how short and long term inter-
action with robots or avatars changes. A further question
is whether abnormality as well as ambiguity arise the
same eerie feeling after eye contact. Especially the use of
animated and interacting artificial characters should be
the topic of further research.
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