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Abstract. For designing the rounded communication between human and agent, 
humanlike appearance of agent can contribute to human understandability to-
wards their intension. However, the excessive humanlike-ness can cause human 
to feel repulsive against the agent, which is well known as the uncanny valley. 
In this study, we propose a model providing an explanation for how the human 
negative response is fomred, based on the brain regions and its function, includ-
ing the amygdala, hippocampus, cortex and striatum. This model is described 
with quantitative reasoning and simulated. The results indicate that as human 
observes a humanlike agent, the emotion goes negative and the brain regions 
were more activated in comparison with the case human observes a person. 

Keywords: Human Agent Interaction, uncanny valley, brain function, qualita-
tive reasoning. 

1 Introduction 

The research field of human agent interaction has much interest in the equipment of 
an appropriate appearance to an agent [1]. The agent is referred as a robot in the real 
world or a computer program with its appearance. Then the uncanny valley [2] is a 
crucial issue in these studies. In general, human feels more familiar toward an agent 
as its appearance gets more humanlike, however, the familiarity drastically decreases 
when the agent gets considerably similar to but slightly different from a real person as 
illustrated in Fig.1. Several studies have dealt with this issue, but it is still uncertain 
how the human negative response can be elicited to a highly humanlike agent, and no 
common explanation for its mechanism to occur has been provided.  

We hypothesized that human responds to a humanlike agent as if it is human and 
also non-human, and the contradiction of two responses elicits human negative re-
sponse to the agent, which causes human to feel eerie toward the humanlike agent. In 
this study, we proposed the processing model how the human negative response 
against humanlike agent occurs. 
                                                           
*  Corresponding Author. 
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Fig. 1. Basic concept of the uncanny valley (partially altered from that in [2]) 

2 Experimental Method 

Based on our hypothesis, the experiment was conducted to verify which information 
of a face people pay attention to when judging whether the face was human or not. 

2.1 Procedures 

This experiment used five pictures of faces of (a) a doll, (b) a CG-modeled human 
image fairly similar to real human, (d) another image highly similar, (c) an android 
robot, and (e) a person as shown in Fig. 2. These faces were selected from several 
web pages to present faces whose similarities to real human got gradually higher.  

 

Fig. 2. Five faces used in experiment 
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In our experiment, participants were asked to judge whether each of the faces pre-
sented on a PC monitor was human or not. Each face was located on the center of the 
monitor. To control the initial location of eye fixations of the participants, a white 
page where a cross was depicted at its center was inserted before presenting each face. 
Eyes of the participants were recorded during watching the faces and eye fixations on 
the faces were estimated with EMR-AT VOXER produced by nac Image Technology. 
The participants were told that each face was presented for one minute and asked to 
write their judgments on a paper sheet. The faces were presented in the order of the 
doll, CG-modeled 2, android, person, and CG-modeled 1. 

Some of the participants were asked to respond to two questionnaires regarding the 
faces after the judging task. The questionnaires included (Q1) how difficult was the 
judgments of each face? and (Q2) which parts of faces did you pay attention to when 
judging? The participants responded to Q1 on a three-point scale where 1 denoted 
easy and 3 denoted difficult. 

2.2 Data Analysis 

According to Yarbus [3], people frequently gaze at a region including the eyes, nose 
and mouth during watching at a person’s face. These facial areas are important for 
human to seize some social information about others. Thus, we calculated a length of 
time when each area was gazed at for each face.We used dFactory, analysis software 
for eye tracking data, to calculate how long the participants gazed at each face area. 
The calculation was conducted in three steps. First, the screen of the monitor was 
divided into 16 x 16 small blocks. Second, areas denoting the right eye, left eye, nose 
and mouth were defined. Each area comprised a block of the respective face part and 
its surrounding blocks. For example, the right-eye area comprised a block including 
the center of the pupil of the right eye and eight blocks surrounding the pupil block. 
Fig. 3 indicates the four areas in case of the CG-modeled 2. Finally, total time length 
of eye fixations on each area was calculated by adding time of eye fixations on each 
of comprised blocks. The analysis of eye-fixation time was performed in three time 
spans: 5 seconds, 10 seconds and 30 seconds from the start of face presentation. 

 

Fig. 3. Areas of right eye, left eye, nose and mouth 
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2.3 Judgment of human/non-human to each face 

Twenty one undergraduates (18 males and 3 females) participated in the experiment. 
The proportions of participants who judged each face as human were as 28.6% for the 
doll, 19.1% for the CG-modeled 1, 19.1% for the android, 90.5% for the CG-modeled 
2 and 100.0% for the person. Fig.4 indicates the proportions of judgments. Those 
results were mostly corresponding to our assumption of the similarities to real human. 
The android and CG-modeled 1 can be considered as the most unsimilar. Although 
the doll was more similar than the two, it was also evaluated as less humanlike. The 
CG-modeled 2 was the most humanlike, and the person was correctly judged as hu-
man. Thus eye fixations on these three faces, the CG-modeled 1 judged as non-
human, the CG-modeled 2 judged as human but actually non-human and the person 
judged as human, were compared to study the differences in perceptual process of 
human and non-human. 

 

Fig. 4. Proportions of participants who judged each face was human 

2.4 Time of Eye Fixations on Areas of Each Face 

Gaze data of 15 participants who judged the CG-modeled 2 as human and the CG-
modeled 1 as non-human was analyzed. However, data of 7 participants was excluded 
due to its poor quality. Thus, data of the other 8 was actually used. Fig.5 shows ex-
amples of transactions of eye fixations during observing each face in the initial five 
seconds. The size of each circle denotes the length of total time of eye fixations at the 
respective point. 

Table 1 indicates averages of time length of eye fixations on the four areas of each 
face in each time span. The t-test revealed significant differences of time length of eye 
fixations on the right eye areas among the three faces. Fig.6 shows average time of 
eye fixations on the right eye area of each face in each time span. In initial 5 seconds, 
eye fixations on the right eye area of the CG-modeled 2 was significantly longer than 
that of the CG-modeled 1 (p<.01) and that of the person (p<.01). In initial 10 seconds, 
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eye fixations on the right eye area of the CG-modeled 2 was significantly longer than 
that of the CG-modeled 1 (p<.01) and that of the person (p<.01), and the difference 
between the CG-modeled 1 and person was moderately significant (p<.10). In entire 
30 seconds, the participants observed the right eye area of the CG-modeled 2 more 
frequently than that of the person (p<.01), and the difference between the CG-
modeled 1 and person was moderately significant (p<.10). 

 

Fig. 5. Averages of time length of eye fixations on the right eyes of each face 

2.5 Discussion 

The result of judgment of the participants indicated that they judged the CG-modeled 
1 as non-human and the CG-modeled 2 and person as human. As 30 seconds passed, 
time length of eye fixation on the right eye area of the person was shorter than that of 
both CG-modeled 1 and 2. These results are consistent with the report by Minato et al. 
[4].  Time length of eye fixations on the right eye area of the CG-modeled 2 was 
significantly longer than that of the person in every time span. In case of the CG -
modeled 1, it was remarkable that there was no significant difference of time length of 
eye fixations on the right eye area from that of the person in initial 5 seconds, whereas 
the difference emerged as time passed. These results must imply that the participants 
had once perceived CG-modeled 1 as human in the short-time observation. The emer-
gence of the difference of time length of eye fixations must have been brought by 
shift of the participants’ attention to differences of the CG-modeled 1 from a real 
human. Therefore, it can be assumed that when people observe a humanlike agent, 
they initially perceive it as human, and they then perceive it as non-human. Thus, 
perceptual processes of a humanlike agent can be considered to include the two steps. 
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3 Proposal for the Model Interpreting the Occurrence of 
Human Negative Response 

In this section, the model is proposed which provides an explanation for how human 
negative response is elicited, based on the brain function and perceptual process in 
two steps towards a humanlike agent 

3.1 Relationship between Human Negative Response and Amygdala 

According to the report by Steckenfinger et al.[5], Macaque monkey elicited the nega-
tive response and they didn’t gaze at a CG modeled monkey which appearance looked 
like its species. Seyama et al. pointed out that human felt eerie against a humanlike 
agent with the abnormal features of the eye [6]. These studies provide two important 
suggestions. Eye movement on the agent’s eye reflect the human positive or negative 
emotional response toward it. In addition, the negative response is not peculiar to 
human beings and its mechanism to generate the negative response can be commonly 
shared among the species. Therefore, the function of human brain region, especially 
phylogenetically old one, is instrumental in comprehending of how human elicits the 
negative response against a humanlike agent. 

Amygdala is a brain region which plays an important role of the emotional 
processing. The processing is expected to have dual processing route called “dual 
pathway of emotion,” consisting of “low-road” and “high-road” [7]. At the former 
route, the perceived stimuli is sent from the thalamus directly to the amygdala. At the 
later route, it is sent indirectly to the amygdala via the cortex. Accordingly, low-road 
is considered as imprecise and rapid processing, and high-load is considered as elabo-
rate and slow processing. The function of these routes accounts for how the human 
negative response was generated.  

When an observer perceives a humanlike agent, the low road rapidly processes it 
and the observer quickly makes, by instinct, an emotional response to the agent as if it 
were human: for example, an observer turns his or her eye toward the agent’s face. 
And subsequently, high road processes it to notice that it is not human, which also 
makes an emotional response based on the cognitive processing. These two emotional 
responses generate the contradiction, which causes the observer to elicit the negative 
response against the humanlike agent. The model is depicted as Fig. 6. 

3.2 Proposal for Advanced Model by Integration with Previous Model 

Moore proposed that a Bayesian model for a psychological phenomenon, perceptual 
magnet effect, should be applied to generate the curve of the uncanny valley [8]. The 
model calculated how correctly human identified a humanlike agent as non-human 
and a person as human. Then, at the point where the human looked at the highly hu-
manlike agent, there occurs a dip in the judging rate, provided a certain contribution 
of prior knowledge. 
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Fig. 6. Model flow indicating how human negative response against humanlike agent is elicited 

In order to make our model more advanced, the Moore’s model and our model 
were integrated with each other. However, architecture of two models is described in 
different level: the one is based on the amygdalar function and the other is based on 
human perceive processing. In integrating two models, the Moore’s model should be 
reinterpreted from the perspective of brain function. Guenther et al. constructed a 
neural model for the occurrence of the perceptual magnet effect, focusing on the cor-
tex and thalamus [8]. This study suggests that Moore’s model is supposed to be a 
functional model of cortex which to account for human categorization and also of 
hippocampus which preserves the memories as a prior information. 

3.3 Reward System Controlling the Eye Movement 

Amygdalar activation lets a human make an emotional response based on approach or 
avoidance. Especially when an observer encounters a humanlike agent, the eye 
movements reflect the response, such as turning his/her eyes on the agent or away 
from the agent. These emotional responses can be accountable with the reinforcement 
learning. Reinforcement learning is supposed to be related with the reward system and 
striatum plays an important role in it. Striatum has connections with the amygdala and 
the cortex. Accordingly, the striatum plays an important role to adjust the emotional 
response in accordance with the differential between the expectation processed in the 
cortex and the reward processed in the amygdala as emotional evaluation. 

4 Simulation 

In this section, the model is expressed in the framework of the qualitative reasoning, 
and the results of simulation is introduced. 



 Prop

 

4.1 Qualitative Reason

The emotional model that w
mechanism in the relations
the qualitative reasoning i
sponse toward an agent. Qu
qualitative relationships be
crease or monotonic decre
change of the system accord
with the qualitative reasoni
in the time series with the q

4.2 Qualitative Descrip

There is two qualitative d
functions of each region. C
the perceptron. Let a , 

, the strength of connecti
region , where the activit

 a
where i 1,2, , n and, in
considered in our model, 
hippocampus), the cortex, a
0.5. Fig. 7 indicates the mo
in STELLA. If the thalamu
threshold, “opener thalamus
and then the cortex is activa

Fig. 7. Model in STELLA i

posal for the Model of Occurrence of Negative Response 

ning 

we propose is based on the connections and the functio
hips among the wide range of brain regions. In this po
s useful to simulate the change of human emotional 

ualitative reasoning requires to describe the system with 
etween variables, such as “large-small,” “monotonic 
ease,” and so forth, and allows to show the dynam
ding to a change of a variable. Thus we describe the mo
ing and simulate how the human emotional response al
qualitative simulator STELLA produced by isee system. 

ption of the Model 

escriptions, the connections of the brain regions and 
Connections between the regions are descripted referringi j  and be the degree of activity of a brain reg
ion between the regions , , and the threshold of a br
ty fulfills  sign ∑ , , ,

n this study, n 4. 4 denotes the number of the regi
which means the thalamus, the amygdala (including 
and the striatum. In this study, let  be 0.3 and let 
del of the connections between the thalamus and the cor

us is activated and the activity of the thalamus gets ove
s to cortex” allows to connect the thalamus with the cort
ated. 

indicating the connection between the thalamus and the cortex

775 

onal 
oint, 

re-
the 
in-

mical 
odel 
lters 

the 
g to 
gion 
rain 

(1) 

ions 
the 
 be 
rtex 
er a 
tex, 

 

x 



776 Y. Tawatsuji, K. Mu

 

The function of the each
stimuli, the amygdala and h
value, and striatum adjusts 
ative value as a reward allo
provides the expected value
tional response is conductv Q , accumulated value 
cortex estimates κ Q, 

 Q denotes the set of qualit
the emotional response (tur
tial between the reward an
vided that the activity of the

Fig. 8 shows the whole m
parts, Connection part and
that an observer looks at a 
is how close the eye width 
eyes. That both Eye width a
a humanlike agent. That bo
son. In model, as the input 
tive by the mechanism of th
the value of the input.  

Fig. 

uramatsu, and T. Matsui 

h brain region is given as follow; the thalamus perceive
hippocampus evaluates it, the cortex estimates the expec
the emotional response. The amygdala provides the qua

owing the striatum to make emotional response. The cor
e allowing the striatum to conclude how strongly the em
ted. The hippocampus is supposed to let the evaluat
of the rewards, come close to the expected value that 

 
tative values. The striatum enhances the elicitation rate
ning the eyes to the agent) in accordance with the differ

nd the expected value. These functions are activated p
e corresponded regions are positive. 
model implemented in STELLA. The model consist of t

d Evaluation part. In this study, we assumed the situat
person and a humanlike agent, and the input of the syst
and sclera width of a humanlike agent are to that of hum
and sclera width are 0.7 indicates that the observer look
oth of them are 1 indicates that the observer looks at a p

of eye width and sclera is given, the evaluation gets po
he row load, and increases or decreases in accordance w

 

8. The model implemented in STELLA 

es a 
cted 
alit-
rtex 
mo-
tion 
the 

(2) 

e of 
ren-
pro-

two 
tion 
tem 
man 
ks at 
per-
osi-

with 



 Prop

 

Fig. 9. Observer’s evaluation 
when looking at a person (left 

4.3 Simulation of the H

Fig.9 indicates the time-ser
rate of emotional response
converged to the expected 
hand, the evaluation once 
decreased to the zero when 
tation rate of emotional res
the person whereas the obs
agent. This suggests that as
manlike agent longer than 
the results of the experimen
of activity of the amygdala.
ues to be activated when ob
response is considered to 
evaluation. 

Fig. 10. Amygdalar activity

5 Conclusion 

In this study, the model int
toward a humanlike agent e
tionally evaluation with qu
the brain regions, especiall

posal for the Model of Occurrence of Negative Response 

(blue line) and elicitation rate (red line) of emotional respo
side) and a humanlike agent with abnormal eye (right side) 

Human Emotional Response 

ries changes of human emotional evaluation and elicitat
e toward a humanlike agent or a person. The evaluat

value when the observer looks at a person. On the ot
got positive by the response of the low road but soo
the observer looked at a humanlike agent. As for the el

sponse, the observer gradually turned his or her eyes aw
server continued to turn his or her eyes to the humanl
s time passed, the observer turns his or her eye to the 
to the person. This results can provide the explanation 

nts that we conducted. Fig. 10 shows the time-series cha
. In comparison with observing a person, amygdala con
bserver looked at a humanlike agent. The human negat
be much related with the divergence of the direction

y when stimuli (left: a person, right: a humanlike agent) is inpu

terpreting the mechanism of how human negative respo
elicits were proposed, based on the brain function of em
alitative reasoning method. We focused on the function
y amygdala, cortex, striatum and hippocampus, which 

777 

 

onse 

tion 
tion 
ther 
n it 
lici-
way 
like 
hu-
for 

ange 
ntin-
tive 

n of 

 

ut 

onse 
mo-
n of 
are 



778 Y. Tawatsuji, K. Muramatsu, and T. Matsui 

 

related to compose human emotional response. This model suggested that human in-
itially responds to a humanlike agent as well as to a person by the low road but subse-
quently, human identified it as non-human to make an emotional response by the high 
road. The contradiction of these responses is reflected in the human eye movements.  

As the model includes some assumptions, it is an important future work to clarify 
the verification of them, referring to the knowledge of neuroscience. In addition, it is 
required to clarify the relationship between human negative response and human eerie 
feeling against a humanlike agent.  
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