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Abstract
Many studies have been conducted to find approaches to overcome the Uncanny Valley. However, the focus on the influence of
the robot’s appearance leaves a big missing part: the influence of the robot’s nonverbal behaviour. This impedes the complete
exploration of the Uncanny Valley. In this study, we explored the Uncanny Valley from the viewpoint of the robot’s nonverbal
behaviour in regard to the Uncanny Valley hypothesis.We observed a relationship between the participants’ ratings on human-
likeness of the robot’s nonverbal behavior and affinity toward the robot’s nonverbal behavior, and define the point where the
affinity toward the robot’s nonverbal behavior significantly drops down as the Uncanny Valley. In this study, an experiment
of human–robot interaction was conducted. The participants were asked to interact with a robot with different nonverbal
behaviours, ranging from 0 (no nonverbal behavior, speaking only) to 3 (gaze, head nodding, and gestures) combinations and
to rate the perceived human-likeness and affinity toward the robot’s nonverbal behavior by using a questionnaire. Additionally,
the participants’ fixation duration was measured during the experiment. The result showed a biphasic relationship between
human-likeness and affinity rating results. A curve resembling the Uncanny Valley is found. The result was also supported by
participants’ fixation duration. It showed that the participants had the longest fixation at the robot when the robot expressed
the nonverbal behaviours that fall into the Uncanny Valley. This exploratory study provides evidence suggesting the existence
of the Uncanny Valley from the viewpoint of the robot’s nonverbal behaviour.
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1 Introduction

In 1970, Prof. Masahiro Mori introduced the term “Uncanny
Valley” to scientific research societies [1]. He described the
“Uncanny Valley” as the phenomenon where human’s pos-
itive feeling significantly drops down and turns to negative
response as human-likeness increases. Later, the studies of
MacDorman and Ishiguro further emphasized the impacts of
the Uncanny Valley in human–robot interaction [2, 3]. The
awareness of the Uncanny Valley effect has been increas-
ingly arisen in these passing decades, especially in social
robot and computer-generated character fields. Many studies
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started to investigate the influences of robot/character fea-
tures to overcome or to avoid the Uncanny Valley effect
while endeavoring to find approaches to increase likabil-
ity or positive feelings toward robots. Various aspects have
been taken into the account in previous studies, for example,
human-likeness [4–6], familiarity [2], affinity/likability [7,
8], anthropomorphism [9], and eeriness [10–12]. And the
uncanny feelings have been interpreted in several dimen-
sions like low rating in familiarity and affinity [6, 11, 13, 14].
These previous studies aimed to find approaches to achieve
the highest rating in affinity and human-likeness and observe
the causalities of the Uncanny Valley phenomena in order to
enhance more positive feelings toward robots and pleasant-
ness in human–robot interaction.

This study is inspired by the fact that the majority of
the researches in robotics and human–robot interaction paid
main attention to the investigation on the Uncanny Valley
from the viewpoint of the robot’s appearance. However, apart
from the robot’s appearance, robot’s nonverbal behaviours
may play a very important role in human–robot interaction as
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well. According to the studies in human–human interaction,
there is some evidence indicating that a large part of interac-
tion is expressed nonverbally [15–17], for instance, via gaze
[18, 19], headnodding [19, 20], andgestures [21].Many stud-
ies also supported that nonverbal behaviours have a major
impact on human’s impression [22] and interaction engage-
ment [23, 24].Most of the studies in human–robot interaction
adopt guidelines from the studies in human–human interac-
tion as references to investigate whether the phenomena that
are observed in human–human interaction are also found
in human–robot interaction. Therefore, the focus on the
influence of the robot’s appearance leaves a big missing
part: the influence of the robot’s nonverbal behaviour. This
impedes the complete exploration of the Uncanny Valley in
human–robot interaction.

In this study, we aimed to investigate and explore the
Uncanny Valley from the viewpoint of the robot’s nonverbal
behaviour in regard to the Uncanny Valley hypothesis. Many
previous studies of the robot’s appearance observed the rela-
tionship between the participants’ ratings on human-likeness
and affinity toward the robot and indicated the Uncanny
Valley as the point where the affinity rating significantly
decreases [8, 9, 14, 25]. The previous studies also addressed
that the violation of expectation (e.g. conflicting cues and
perceptual mismatch) is one of the influence factors lead-
ing to the Uncanny Valley phenomena from the viewpoint
of the robot’s appearance as well [26–28]. And it is intrigu-
ing to investigate whether such expectation violation theories
are also applicable to the viewpoint of the robot’s nonverbal
behavior or not.

In order to investigate and explore the Uncanny Valley
from the viewpoint of the robot’s nonverbal behaviour, we
conducted a human–robot interaction experiment. The par-
ticipants were asked to rate the perceived human-likeness
and affinity toward the robot’s nonverbal behaviour after the
interaction with a robot using a questionnaire based on Ho
and MacDorman’s 2010 and 2017 studies. We implemented
15 robot’s behaviour conditions with the combinations of
the following behaviours: speaking only (no nonverbal
behaviour), face tracking, gaze, head nodding responding,
head nodding, and gestures. The robot’s behaviour condi-
tions range from 0 nonverbal behavior (speaking only) to
3 combinations of the 5 robot’s nonverbal behaviours. The
number of nonverbal behavior combination level (level 0 to 4)
was set as the discrete parameter in order to obtain different
levels of the perceived human-likeness and affinity ratings
from humans and to investigate the causality of the Uncanny
Valley phenomena from the robot’s nonverbal behaviour or
the combination of robot’s nonverbal behaviour. We hypoth-
esized that theUncannyValley also exists from the viewpoint
of the robot’s nonverbal behaviour in which the significant
decrease in affinity rating is observed.

2 Methodology

In this experiment, the robot gave a TED talk to each par-
ticipant for 15 trials. For each trial, one of the 15 robot’s
behaviour conditions is employed in random order.

2.1 Robot’s Nonverbal Behaviours and Its Behaviour
Conditions

NAO robot was used in this study. The NAO robot is a
humanoid robot developed by Aldebaran Robotics (France).
It is equipped with sensors, gyroscopes, accelerometer,
microphone, speaker, and camera. Additionally, the NAO
robot is equipped with a software suite, which allows the
developers to fully program and control the NAO robot plat-
form (SDK package with NAOqi API). The reason that we
selected the NAO robot for this study is due to the study
of the quantitative of cartography of the Uncanny Valley
[5]. The study indicated that the NAO robot’s appearance
is rated in the middle range of human-likeness based on the
participants’ rating. It can be inferred that the NAO robot’s
appearance is neutral, neither too non-human-like nor too
human-like. Therefore, its appearance has low potential to
cause uncanny feelings and we could simply ask the partici-
pants to overlook the NAO robot’s appearance and pay more
attention to the robot’s behaviours instead. We programmed
5 main robot’s nonverbal behaviours, which are face track-
ing, gaze shifting, nodding initiating, nodding responding,
and gestures, using Python language.

In giving a talk context, the behavioural cues between the
speaker and the listener are expressed in form of backchan-
neling behaviours [17] and turn-taking behaviours [29]
in which gaze, head nodding, and gesture behaviours are
included. In case of gaze, it is asserted to be the means for
expressing not only attention and interest [30] but also pos-
itive feelings like affection [31] to each other. During the
interaction, the robot tracked the participants’ face to cre-
ate eye contact and averted its gaze from the participant
from time to time to break eye contact, which is similar to
human–human interaction and complied with the findings
of the momentary fixation at their partner in face-to-face
communication and collaborative task in the previous stud-
ies [24, 32] For head nodding, it is asserted to be one of the
obvious and prominent nonverbal behaviours that the interac-
tional partner can easily perceive, representing attentiveness
and acceptance to the interactional partner, [33, 34]. Fur-
thermore, humans also initiate their own nodding [15] and
respond to interactional partner’s head nodding as backchan-
neling behaviour as well [17]. In this study, the robot will
initiate its head nodding from time to time with random fre-
quencies when no head nodding is detected. It will also nod
with random frequencies as a backchanneling response to the
detected human head nodding as well. These initiating and
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responding behaviours are similar to human–human interac-
tion in speaker–listener context. For gestures, it is served as
a compensatory role for speech [35] and is evinced that ges-
tures and speech together form an integrated communication
system in the speaker–listener context [21, 36, 37]. To allow
the robot to express gestures while speaking (including hand
gestures and body language), the ALAnimatedSpeech mod-
ule from NAOqi API was used. We applied the contextual
mode and word tagging feature, which maps the content that
the robot spoke with the related gesture and body language
animations in order tominimize themismatch effect between
the speech content and the robot’s gestures, for instance,wave
its hand while saying “Hi, I’m Nao”, open palm and bring
it to the front while saying “You”, open palm and touch the
chest when saying “I or Me”, and open both palms and bring
them to the front while saying “For example” (Supplemen-
tary Note 1).

Seven robot’s behaviour features (Speaking, face track-
ing, gaze, head nodding responding, head nodding, gestures,
and Kinect) were implemented as described in Table 1. With
the combinations of 7 robot’s behaviour features regarding
the number of nonverbal behavior combination level and the
obviousness of the nonverbal behaviour, we generated 15
robot’s behaviour conditions. Figure 1 illustrates the robot’s
nonverbal behaviour combination level, ranging from 0 to 4.
Level 0 is speaking only level (no other nonverbal behaviour).
Level 1 is the fundamental level with 5 components. Each
component consists of 1 fundamental nonverbal behavior
(face tracking, gaze, head nodding responding, head nod-
ding, and gestures). Level 2 is a 2-combination level with
6 components. Each component consists of 2 combinations
from the 5 fundamental nonverbal behaviours. Level 3 is a
3-combination level with 2 components. Each component
consists of 3 combinations from the 5 fundamental nonver-
bal behaviours. And Level 4 is the Kinect level. It consists
of all 5 fundamental nonverbal behaviours, controlled by
Kinect. Here, we defined Condition 1 (speaking only) as a
baseline condition (hereinafter referred to as baseline con-
dition) and Kinect condition (Condition 15) as the highest
level in our experiment. Here, we implemented the Kinect
condition to ensure that it is the most human-like condition
and referred to as the most human-like nonverbal behaviours
in this study. For other conditions, we used the NAO robot’s
nonverbal behaviour capabilities itself to gain the evaluation
on its actual nonverbal behaviour performance.

The 15 conditions were divided into three groups from
the viewpoint of the robot’s nonverbal behaviour, gaze-
based, head nodding-based, and gesture-based. The first
group (gaze-based) includes the baseline condition and the
conditions that consist of face tracking and gaze behaviour
only (Conditions 1–3). The second group (head nodding-
based) includes the conditions that consist of head nodding
behaviours with no gestures (Conditions 4, 5, 7, 8). In par-

ticular, Conditions 4 and 5 are comprised of head nodding
behaviours only. These fundamental conditions are here-
inafter called pure head nodding-based group. The third
group (gesture-based) includes the conditions that consist
of gestures (Conditions 6, 9–15). In particular, Condition 6
is comprised of gestures only. This fundamental condition is
hereinafter called pure gesture-based condition.

For the controlling method in Kinect condition, we
employed theWizard-of-Oz technique. TheMicrosoftKinect
was used to detect the experimenter’s movements and cre-
ate the experimenter’s skeleton data. In order to control the
NAO robot’s movements according to the experimenter’s
movements, we converted the Kinect’s axis system to the
NAO robot’s Euler angles using a framework and conversion
matrix from the previous studies [38, 39] and mapped the
coordinates to move the NAO robot’s joint angles accord-
ingly.

2.2 Experimental Design

The experiment task was face-to-face, human–robot interac-
tion. The experiment was conducted in between participants-
within condition design. The NAO robot gave a TED talk to
each participant. The talk was divided into 15 parts. Each
part corresponded to each trial (15 trials in total). In 15
trials, the robot expressed random order of the 15 robot’s
behaviour conditions in order to avoid the order effect. The
duration of each trial was approximately 2min. Twenty inter-
national participants participated in this experiment. The age
range of the participants was from 23 to 35 years old (M
� 27.35, SD � 2.54), 11 males and 9 females. All partic-
ipants had prior experience of interacting with robots and
studied in technology fields. To exclude language difficulty
effect, all participants were required to be native English
speakers or pass standard English proficiency test (TOEFL
PBT>525, TOEFL iBT>71, TOEIC>780, IELTS>6 or
SAT). Informed consent was obtained from all participants
before participating in the experiment.

Figure 2 illustrates the experimental setup of this experi-
ment. All participants were not informed and no one noticed
about using Kinect during the experiment at all. There was
a partition between the interaction area and the control area.
In the control area, the experimenter could see the partici-
pant’s behaviors via a monitor. All robot control procedures
were done behind the partition (with/without using Kinect).
In the interaction area, there was a video camera set behind
the robot to capture the participant’s behaviours. The partic-
ipant and the robot were faced directly to each other, 90 cm
apart. The robot took a standing position to perform gestures
while the participant took a sitting position. To minimize the
external factors that might affect the participant’s attention
and judgment (e.g. robot’s appearance and verbal behaviour),
we asked the participant to pay attention to the robot’s non-
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Table 1 Descriptions of robot’s
behaviour features Robot behaviour features Description

1. Speaking Common behaviour in every condition (baseline)

2. Face tracking Track human’s face to make eye contact

3. Gaze (face tracking and gaze shifting) Both make and break gaze with human similar to
human–human interaction [58, 59]

4. Head nodding responding Nod as a response when human nods

5. Head nodding (head nodding responding and
head nodding initiating)

Both respond to human’s nodding and initiate its
own head nodding similar to human–human
interaction [15, 17]

6. Gestures Express gestures while speaking (hand gestures
and body language)

7. Kinect The experimenter uses Wizard-of-Oz technique to
control robot’s nonverbal behaviours (including
gaze, head nodding, and gestures) using
Microsoft Kinect 2 where the robot mimics the
experimenter’s nonverbal behaviours. The
experimenter perceives the participants’
nonverbal behaviours via monitor screen and
interacts with them via the robot, behind the
partition

Fig. 1 Robot’s behaviour conditions

verbal behaviours and informed them to ignore the robot’s
appearance and speech variables, for example, pronuncia-
tion, speed, spacing, and tone. For minimal saliency effects,
there were neither experimenter nor movable objects pre-
sented in the interaction area during the experiment.

This experiment consisted of three sessions: pre-
interaction, interaction, and evaluation. In the pre-interaction

session, the participant was asked to complete a paper-based
questionnaire about his/her demographic and experience
with robots. In the interaction session, the participant inter-
acted with the NAO robot for 2 min. Each trial corresponded
to each part of the robot’s speech content and the ran-
dom order of the robot’s behaviour conditions. For the
robot’s speech content details, please see Supplementary
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Fig. 2 Experimental setup

Note 2. In the evaluation session, the participant was asked
to complete a paper-based questionnaire after each trial.
The questionnaire was designed to assess the participant’s
feelings about the robot’s nonverbal behaviours in terms of
perceived human-likeness and affinity toward the robot using
Ho and MacDorman’s 2010 and 2017 studies. The sequence
of interaction sessions and evaluation sessions repeated for 15
times to complete the experiment. For the highest likability,
as adopted from the previous studies in the robot’s appear-
ance [2, 11], a positive correlation between human-likeness
and affinity ratingswas required (highest human-likeness and
affinity ratings).

Additionally, as the human-likeness and affinity ratings
were both dependent and subjective variables in this study,
we decided to measure human’s fixation duration at the robot
as an implicit measure to support and affirm the effect of
the Uncanny Valley and the influence of robot’s nonverbal
behaviour. According to the previous studies, the correlations
between likability and duration of eye fixations have been
reported [40–43]. These previous studies asserted that the
human’s gaze or duration of eye fixations on the robot can
be used as a measurement to evaluate the robot’s perceived
human-likeness and affinity toward the robot. In this study,
the PupilLab gaze tracking device and software were used
to capture and measure the participants’ gaze fixation at the
robot during the interaction.

3 Experimental Results

In this section, we analyzed the questionnaire results of the
human-likeness and affinity ratings from 20 participants and

the fixation duration of the participants to support the ques-
tionnaire results.

The questionnaire for evaluating the robot’s nonverbal
behaviour consisted of four questions (7-scale rating) for
human-likeness and another four questions (7-scale rating)
for affinity.Wecategorized the participants’ rating scores into
the two aspects accordingly. The participants’ rating scores
were calculated in percentage to normalize the data across
the two aspects. We also calculated the mean values of each
behaviour condition. Once we obtained the rating tendencies
of both human-likeness and affinity aspects, the relationship
between the two aspects was examined in order to fit into
the Uncanny Valley hypothesis. We found a biphasic rela-
tionship between human-likeness and affinity of the robot’s
nonverbal behaviour, which demonstrates a curve resembling
the Uncanny Valley (Fig. 3). The smoothing curve is created
from JMP Statistical Data Analysis Software’s cubic spline
function with a default lambda of 0.05 and standardized
human-likeness and likability rating values. The result sup-
ports the classification of the three groups from the viewpoint
of the robot’s nonverbal behaviour, as defined in Sect. 2.1. It
can be classified based on the result of the Wilcoxon Signed-
rank test of the human-likeness rating score as well. The first
group (gaze-based group) has no significant difference from
the baseline condition, and is represented in blue. The second
group (head nodding-based group) has a significant differ-
ence from the baseline condition, and represented in red.
The third group (gesture-based group) has a significant dif-
ference from those baseline condition and the second group,
and is represented in green.

According to the result, it shows that the head nodding-
based group (Condition 4, 5, 7, 8) gained less affinity than the
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Fig. 3 Result of the evaluation on human-likeness and affinity of the robot’s nonverbal behaviours

baseline (Condition 1) though it is perceived as more human-
like. On the other hand, the gesture-based group (Condition
6, 9–15) is highly rated in both human-likeness and affinity
aspects.We further conducted aWilcoxon Signed-Ranks test
to affirm the statistical significance of the human-likeness
and affinity ratings between the head nodding-based group
(Condition 4, 5, 7, 8), and the baseline condition (Condition
1) and the condition next to theUncannyValley(Condition 9),
hereinafter referred to as the condition next to the Uncanny
Valley.

For human-likeness aspect, the Wilcoxon Signed-Ranks
test indicates that the head nodding-based group (Condition
4, 5, 7, 8) are perceived as significantly more human-like
than the baseline condition (Condition 4 and Condition 1: Z
� − 2.69, p � 0.0072; Condition 5 and Condition 1: Z � −
3.25, p � 0.0012; Condition 7 and Condition 1: Z � − 2.98,
p � 0.0029; Condition 8 and Condition 1: Z � − 3.12, p �
0.0018) and significantly less human-like than the condition
next to the Uncanny Valley (Condition 4 and Condition 9:
Z � 3.42, p � 0.0006; Condition 5 and Condition 9: Z �
2.61, p� 0.0090; Condition 7 and Condition 9: Z� 2.7, p �
0.0069; Condition 8 and Condition 9: Z� 2.48, p� 0.0129).
Furthermore, there is a significant difference between the
pure head nodding-based group (Conditions 4 and 5) and the
pure gesture-based condition (Condition 6) (Condition 4 and
6: Z � 4.05, p <0.0001; Condition 5 and 6: Z � 3.32, p �
0.0009).

In case of affinity aspect, theWilcoxon Signed-Ranks test
indicates that pure head nodding-based group (Condition 4,
5) gains significantly less affinity than the baseline condition
(Condition 4 and Condition 1: Z � 2.20, p � 0.0275; Con-
dition 5 and Condition 1: Z � 2.71, p � 0.0068). Also, the
affinity rating of the head nodding-based group (Condition

4, 5, 7, 8) is significantly less than the affinity rating of the
condition next to the Uncanny Valley (Condition 4 and Con-
dition 9: Z � 4.41, p <0.0001; Condition 5 and Condition
9: Z � 4.68, p <0.0001; Condition 7 and Condition 9: Z �
3.81, p � 0.0001; Condition 8 and Condition 9: Z � 4.18,
p � <0.0001). In addition, there is a significant difference
between the pure head nodding-based group (Conditions 4
and 5) and the pure gesture-based group (Condition 6) (Con-
dition 4 and 6: Z � 5.06, p <0.0001; Condition 5 and 6: Z
� 5.21, p <0.0001). On the contrary, no significant differ-
ence is found within the same group (except Condition 15:
Kinect condition). Table 2 shows the details of the Wilcoxon
Signed-Ranks test results.

For the result of fixation duration, an implicit measure
to support the questionnaire results, we found that the head
nodding-based group (Condition 4, 5, 7, 8) gained the longest
fixation from the participants while the gesture-based group,
except Condition 9 and 14, (Condition 6, 10–13, 15) gained
shorter fixation than the baseline condition. See Fig. 4. A
Wilcoxon Signed-Ranks test indicates that the fixation dura-
tion of the head nodding-based group (Condition 4, 5, 7,
8) is significantly longer than the fixation duration of the
baseline condition (Condition 4 and Condition 1: Z � −
2.66, p � 0.0077; Condition 5 and Condition 1: Z � − 2.64,
p � 0.0084; Condition 7 and Condition 1: Z � − 1.99, p
� 0.0468; Condition 8 and Condition 1: Z � − 2.79, p �
0.0053). It also indicates that the fixation duration of Condi-
tion 4, 5, 8 are significantly longer than the fixation duration
of the condition next to the peak (Condition 4 and Condition
9: Z� − 1.96, p� 0.0499; Condition 5 and Condition 9: Z�
−2.04,p�0.0411;Condition 8 andCondition 9:Z�−2.12,
p � 0.0337). No significant difference is found within the
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Table 2 Wilcoxon signed-ranks test and Bonferroni correction results

Condition Face-to-face Interaction

Human-likeness Affinity Fixation Duration

1� 4↓ Z � − 2.69, p � 0.0072**
Bonferroni-corrected p � 0.00036
Median of difference � 10.71

Z � 2.20, p � 0.0275*
Bonferroni-corrected p � 0.001375
Median of difference � − 7.14

Z � − 2.66, p � 0.0077 **
Bonferroni-corrected p � 0.000385
Median of difference � 1.57

1� 5↓ Z � − 3.25, p � 0.0012**
Bonferroni-corrected p � 0.00006
Median of difference � 14.29

Z � 2.71, p � 0.0068**
Bonferroni-corrected p � 0.00034
Median of difference � − 7.14

Z � − 2.64, p � 0.0084**
Bonferroni-corrected p � 0.00042
Median of difference � 1.65

1� 7↓ Z � − 2.98, p � 0.0029**
Bonferroni-corrected p � 0.000145
Median of difference � 14.29

Z � 0.38, p � 0.7
Bonferroni-corrected p � 0.035
Median of difference � 0.00

Z � − 1.99, p � 0.0468*
Bonferroni-corrected p � 0.00234
Median of difference � 0.84

1� 8↓ Z � − 3.12, p � 0.0018**
Bonferroni-corrected p � 0.00009
Median of difference � 17.86

Z � 1.2, p � 0.23
Bonferroni-corrected p � 0.0115
Median of difference � − 3.57

Z � − 2.79, p � 0.0053 **
Bonferroni-corrected p � 0.000265
Median of difference � − 2.79

9★ 4↓ Z � 3.42, p � 0.0006**
Bonferroni-corrected p � 0.00003
Median of difference � 21.43

Z � 4.41, p <0.0001**
Bonferroni-corrected p <0.000005
Median of difference � 28.57

Z � − 1.96, p � 0.0499*
Bonferroni-corrected p � 0.002495
Median of difference � − 1.29

9★ 5↓ Z � 2.61, p � 0.0090**
Bonferroni-corrected p � 0.00045
Median of difference � 17.86

Z � 4.68, p <0.0001**
Bonferroni-corrected p <0.000005
Median of difference � 32.41

Z � − 2.04, p � 0.0411*
Bonferroni-corrected p � 0.002055
Median of difference � − 1.19

9★ 7↓ Z � 2.7, p � 0.0069**
Bonferroni-corrected p � 0.000345
Median of difference � 17.86

Z � 3.81, p � 0.0001 **
Bonferroni-corrected p � 0.000005
Median of difference � 25.00

Z � − 1.5, p � 0.1333
Bonferroni-corrected p � 0.006665
Median of difference � − 0.64

9★ 8↓ Z � 2.48, p � 0.0129*
Bonferroni-corrected p � 0.000645
Median of difference � 17.86

Z � 4.18, p <0.0001**
Bonferroni-corrected p <0.000005
Median of difference � 32.14

Z � − 2.12, p � 0.0337*
Bonferroni-corrected p � 0.001685
Median of difference � − 1.14

�Baseline Condition ↓Conditions at the bottom of Uncanny Valley or peak ★Condition next to the Uncanny Valley or peak
The original test significance level of p value is<0.05
The Bonferroni-corrected significance level of p value is<0.0025 [original p value (0.05)/number of test (20)]

Fig. 4 Result of the participants’ fixation duration at the robot

123



1450 International Journal of Social Robotics (2021) 13:1443–1455

same group (except Condition 15: Kinect condition). Table 2
shows the details of theWilcoxon Signed-Ranks test results.

In order to avoid the Type I error, which is the rejection
of a true null hypothesis (false positive finding), the Bonfer-
roni correction was also calculated on the human-likeness,
affinity, and fixation duration results. Table 2 shows the Bon-
ferroni correction results.

4 Discussion

4.1 Relationship Between the UncannyValley
and Human’s Fixation Duration

Figure 5 illustrates the comparison of the 2 tendencies
obtained from the analysis results, which are the Uncanny
Valley tendency from the questionnaire result and the Bell-
shaped tendency of the fixation duration result. According
to the results, the Uncanny Valley is found when the robot
expressed head nodding behaviour with no gestures. Further-
more, the influence of the robot’s head nodding behaviour
with nogesture is also supported by the result of fixationdura-
tion as shown in Fig. 5. The conditions that consist of head
nodding behaviour with no gesture, which fall into Uncanny
Valley (low affinity rating), are corresponding to the peak
of the bell-shaped tendency and gained the longest fixation
duration from the participants. A possible reason is that the
participants were curious and tried to understand the robot’s
intention of expressing its behaviour in a certain way when
they interacted with the robot in the conditions that fall into
Uncanny Valley. This can result in a longer fixation from
the participants. This circumstance is also supported by the
previous studies indicating that the incongruous signals or
the difficulty of the stimulus influence and increase curiosity
and attention, which causes longer fixation duration from the
observer [44–46].

4.2 Possible Strategy to Overcome the Uncanny
Valley from theViewpoint of the Robot’s
Nonverbal Behaviour

In this study, we found a strong positive influence of robot’s
gestures. The finding reveals that when the robot expressed
gestures, it is highly rated in both human-likeness and affinity,
which can be considered as a possible strategy to over-
come the Uncanny Valley from the viewpoint of the robot’s
nonverbal behaviour. Many previous studies also supported
that gestures are very important to complete speech com-
ponents and these two modalities have a strong connection
to the principles of gesture-speech integration [21, 35–37,
47]. McNeill’s study revealed that gestures are found along-
side of speech in every spoken language and gestures are
a robust component and pervasive for human when talking.

For instance, humans still express gestures while talking on
the phone where no observer is present [21]. Based on these
previous studies, it suggests that in giving a talk context,
gestures may fulfill human’s expectation and familiarity on
gestures-speech relationship similar to human–human inter-
action. It evinces that in the context that the robot gives a
talk, no other nonverbal behaviour is as important as gestures.
Thus, to overcome the Uncanny Valley from a viewpoint of
the robot’s nonverbal behaviour, especially in giving a talk
context, gestures should be considered as a fundamental ele-
ment of the robot’s nonverbal behaviour in order to gainmore
likability from humans.

4.3 Existence of the UncannyValley
from theViewpoint of the Robot’s Nonverbal
Behaviour

According to the result, it demonstrates that a curve resem-
bling the Uncanny Valley when fitting the human-likeness
and affinity ratings on the robot’s nonverbal behaviours into
theUncannyValley hypothesis. Based on theUncannyValley
hypothesis, the Uncanny Valley can be examined by observ-
ing the relationship between human-likeness and affinity
toward the robot and is defined as the point where the affinity
rating significantly drops down [7, 8, 14, 25]. The results of
this study provide evidence suggesting that the Uncanny Val-
ley also exists from the viewpoint of the robot’s nonverbal
behaviour. However, the Uncanny Valley found in this study
seems to be small compared to the previous studies from the
viewpoint of the robot’s appearance [3, 6].

The main reason might lie in the fact that the appearance
and human-like attributes of the NAO robot are still neutral,
which are neither too non-human-like nor too human-like.
This leads to a low expectation of its nonverbal behaviours
and no extreme evaluation on its nonverbal behaviour is
observed yet. Saygin et al.’s study revealed that an agent with
a very human-like appearance may cause the users to have
expectations for more human-like movement than what the
agent is capable of exhibiting, and this can then be detected
as contributing to the Uncanny Valley effect [26]. Prakash
and Rogers’s study also supported that humans may ascribe
human-like attributes and expectations on the robot when
its appearance is human-like, which influences their accep-
tance and behaviour toward the robot [48]. Moreover, in
Paepcke and Takayama’s study, they found that the influence
of the robot’s appearance can set human’s expectation on its
behaviours and capabilities [49]. These previous studies sug-
gested thatwhen interactingwith a human-like robot, humans
also have high expectation from the robot in terms of its abil-
ities to act or behave like a human, in other words, the more
human-like appearance, the more expectation of human-like
behaviour. If the robot with human-like appearance cannot
keep up with humans’ expectation, it might lead to a stronger
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Fig. 5 Comparison of the 2 tendencies obtained from the analysis results. 1. The Bell-shaped tendency from the fixation duration result (Upper). 2.
The Uncanny Valley tendency from the evaluation result (Lower)

rejection or negative responses.With the supporting evidence
from the previous studies, we strongly believe that when
deploying a robot with a more human-like appearance in this
experiment, more significance and deeper Uncanny Valley
will be detected due to the increase in humans’ expectation.
All in all, even though theUncannyValley found in this study
is small, this study can be considered as the first finding of the
Uncanny Valley from the viewpoint of the robot’s nonverbal
behaviour.

4.4 Possible Influence Factors Leading
to the UncannyValley from theViewpoint
of the Robot’s Nonverbal Behaviour

According to the Uncanny Valley found in this study, the
robot’s head nodding behaviour with no gesture is located
at the bottom of the Uncanny Valley where the least affinity
rating is found. The influence factors leading to the Uncanny
Valley from the viewpoint of the robot’s nonverbal behaviour
may lie in the consequences of the violation of expecta-
tion effect (perceptual mismatch, and conflicting cues) [12,
26–28] and the double bind effects [50].

The violation of the expectation effect is firstly proposed
by Prof. Mori. He proposed that the eerie feelings are caused
by the mismatch between visual and tactical information

obtained from the prosthetic hand [1]. Additionally, Moore’s
study provided a mathematical model (Bayesian model) of
categorical perception that indicates how stimuli conflicting
cues can cause a perceptual tension at category boundaries
that leads to the uncanny phenomena [28]. Other studies also
demonstrated the variety of cross-modal mismatches that
can cause the uncanny feeling, for instance, face-voice mis-
match [12], robot’s appearance-action mismatch [26], and
perceptual mismatch between individual features like artifi-
cial eyes on a human-like face [27]. However, these studies
are observed regarding the viewpoint of the robot’s appear-
ance. Althoughwe examined limited combinations of robot’s
nonverbal behaviours in this study, the results also present the
effect of conflicting cues and align with the previous studies.

Another possible influence factor is the double bind effect.
Bateson et al.’s study describes the double bind effect as an
emotionally distressing situation in communication where
conflictingmessages are received, and onemessage is against
another. The messages can be conveyed via words, tone of
voice, or body language [50]. In our study, when the robot
expressed head nodding behaviour with no gesture, the con-
flicting messages between the robot’s role and its expressed
nonverbal behaviour was occurred, which may result in con-
fusion and lead to the least likability from humans.
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With these supporting studies, we can infer that the
UncannyValley in the robot’s nonverbal behaviour is context-
dependent. In giving a talk context, the robot’s head nodding
behaviour with no gesture might present context-behaviour
and perceptual mismatch, which violates humans’ expec-
tation and lead to the double bind situation during the
interaction. Consequently, it is prone to fall into the Uncanny
Valley.Here, it suggests that theUncannyValley in the robot’s
nonverbal behaviour is context-dependent.

According to the previous studies, togetherwith the results
in this study, it can be inferred that the uncanny stimuli
are produced by the activation of the expectation violation.
These influence factors may cause eerie feelings or nega-
tive attitudes toward robots and lead to the Uncanny Valley
phenomena.

4.5 Limitations and FutureWorks

In this study, there are some plausible limitations that still
remain to be further investigated in future works in order to
gain an insight understanding on the influence factors and
causalities of the Uncanny Valley from the viewpoint of the
robot’s nonverbal behaviour.

Firstly, the robot used in this study (NAO robot) is still not
human-like enough to be able to express a full range of non-
verbal behaviours similar to human’s nonverbal behaviours.
Thus, the results in this study still do not cover all nonverbal
behaviour range yet. Though only a partial range of robot’s
behaviours was investigated in this study, this study does
provide significant results and can be considered as a first
step of proving the existence of the Uncanny Valley from the
viewpoint of the robot’s nonverbal behaviour.

Secondly, the human-likeness level of the robot’s non-
verbal behaviours could not be directly defined beforehand
unlike what had been done in the previous studies on robot’s
appearance where they could pinpoint the human-likeness
of the robot’s appearance and observed the Uncanny Valley
tendency directly. In this study, we then used the number
of nonverbal behaviour combination levels as the core to
investigate the tendency and later used the analysis results
of human-likeness from the evaluation to further investigate
the tendency of the Uncanny Valley instead. Therefore, the
Uncanny Valley tendency presented in this study is limited
to the context and conditions used in this study since the
human-likeness and affinity ratings are both dependent vari-
ables.

Thirdly, in order to thoroughly explore the Uncanny Val-
ley from the viewpoint of the robot’s nonverbal behaviour,
further investigations with more varieties of the robot’s non-
verbal behaviours and the robot’s appearances ranging from
non-human-like to very human-like should be conducted.
With more studies varied in robot appearance and complete
range of robot’s nonverbal behaviours, we can overlay the

Uncanny Valley tendencies obtained from these studies with
our study and achieve the overall Uncanny Valley effect from
the viewpoint of the robot’s nonverbal behaviour in order to
complete the exploration of the Uncanny Valley from the
viewpoint of the robot’s nonverbal behaviour.

Fourthly, the investigations of the Uncanny Valley mech-
anism from the viewpoint of the robot’s nonverbal behavior
should be further conducted under the experimental setup
based on the previous studies, for instance, the effect of con-
flicting cues [28] and perceptual mismatch [26, 49], in order
to examine and affirm the mechanism and causality of the
Uncanny Valley from the viewpoint of the robot’s nonverbal
behaviour.

Fifthly, possible effects of the robot’s verbal behaviour to
the Uncanny Valley effect have not been fully examined in
this study. This is because the paper concerns the robot giving
a TED talk, and the basic starting point has thus been to study
the effect of non-verbal behaviour including the accompany-
ing speech. The condition of the robot performing nonverbal
behaviours without speaking is considered out of scope of
the current goal of the experiments.

Finally, further investigations of theUncannyValley based
on individual differences should be specifically conducted
from the viewpoint of the robot’s nonverbal behaviour since
the individual differences are also widely considered as the
influence factors that can lead to the Uncanny Valley phe-
nomenon as well. For the culture aspect, Shibata et al.’s
study analyzed the subjective evaluation on a seal robot,
Paro, in Japan, UK, Sweden, and Italy. They found that cul-
ture influences human’s attitudes and expectations toward
the robot [51]. Bartneck et al.’s study also supported that
culture has a significant influence on attitudes toward robots
(observed inChinese,Dutch, and Japanese participants) [52].
Furthermore, previous studies revealed that the higher level
of exposure to robots in daily life and robot-related experi-
ences can lead to less negative attitudes toward robots, for
instance, the Japanese could be more aware of robot’s abil-
ities and their shortcomings more than other countries [53,
54]. In case of the robot’s nonverbal behaviours, it can be
implied that with a lower level of exposure or unfamiliarity
with certain robot’s nonverbal behaviours in daily life, it can
also possibly result in lower affinity toward robots, which
is supported by the studies in human–human interaction, for
example, too long eye contact and pointing finger at oth-
ers [55, 56]. Additionally, age or lifespan is also considered
as one of the influence factors as well. The previous stud-
ies suggested that young people have more positive attitudes
toward robots since they have more exposure to robots via
media compared to elder people [54, 57]. Such studies will
accomplish the generalization of the results with respect to
the Uncanny Valley hypothesis.
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5 Conclusion

In conclusion, we found a biphasic relationship between
human-likeness and affinity ratings on the robot’s nonverbal
behaviours and the point where the affinity rating signifi-
cantly dropped down is found. This study provides evidence
suggesting the existence of the Uncanny Valley from the
viewpoint of the robot’s nonverbal behaviour. The findings
suggest that the Uncanny Valley from the viewpoint of the
robot’s nonverbal behaviour is context-dependent. In giving
a talk context, the robot’s head nodding behaviour is prone to
cause and fall into the Uncanny Valley while the robot’s ges-
tures should be considered as a fundamental element of the
robot’s nonverbal behaviour in order to enhance more lika-
bility from humans. This study explores the Uncanny Valley
from the viewpoint of the robot’s nonverbal behaviour in
order to gain a better understanding of the Uncanny Valley
as a step closer to achieve the highest likability from humans
in human–robot interaction.
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