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Abstract: The goal of the present study is to identify a means of enhancing the perceived humanness of a robot. The ongoing 
struggle to increase the humanness of robots has been an area of debate in the robot design field. However, given that robots will see 
use as products that must perform social tasks, there will inevitably be need to stimulate the emotions of users on occasion. 
Anthropomorphic form and action can facilitate more ready acceptance of the robot by users. As the most effective means of 
communicating with a human user is face to face communication, the face of the robot plays a major role in human-robot interactions. 
Former related research focusing on computer software agents also verified the importance of facial expression in human-computer 
interaction. The element has influence upon the humanness of a robot is not just a realistic reproduction of human-like facial feature 
shapes, but a natural reproduction of the kinetic process in facial expression. In the present study, for experimental design purposes, 
we assumed that the robot has five representative emotions. These are taken from six archetypal emotions in psychological theory 
and a 'neutral' emotion is added. To express these emotions, the robot should make visible changes in its facial features. We conduct 
experiments to find relations among the time required for transformation of facial features, the degree of external stimuli, and other 
elements. The findings of the experiments provide information on how various elements of facial expression affect the perception of 
humanness in the robot. Finally, we designed an emotion eliciting system for robots based on the human emotion system results from 
the experiments. 
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1. INTRODUCTION 
 

The beginning of the 21st century has brought 
us a great number of intelligent robots. We have now 
entered the age of robots. Robots are now utilized 
beyond the industrial field where they took the place of 
human labor. They are now companions of humans and a 
symbol of high tech. Humans could not communicate 
with robots directly in the past. Instead, another medium 
such as a computer keyboard separate from the robot 
was needed to translate human language. We are now 
faced with demand to find means of interacting with 
robots directly. Robots are no longer silent machines that 
simply obey a human’s orders. Human-Robot Interaction 
thus requires more mutual understanding.  

Whenever an intelligent service robot becomes 
generally known to the public, it emphasizes its technical 
achievements as its strong point. Many commercialized 
robots cannot satisfy the general public’s emotional 
needs and cultural needs. But high technology alone 
cannot solve this problem. 

 Robots which brought marked changes not 
only to technologies but also to cultural aspect should be 
placed in homes where general users expect to be served 
by them and even to share emotions with. Thus, robot 
design has to change its paradigm from product 
differentiation in the robots’ appearance to the 
possibility of emotional communication with robots. 
This research deals with robot’s emotion and facial 
expression as a part of an effort to change robots from 
mechanical products to emotional products. 

 

 

 

2. RESEARCH BACKGROUND 
 

Humans can regard a robot as a friendly social 
being rather than an incomprehensible complex machine. 
From this point of view, robots should be designed to 
closely resemble humans[12]. It is also important that 
users can easily understand what the robot is doing or 
going to do, and what it thinks.  

Human emotion is expressed via extremely 
complex mechanisms. However, it is one of the most 
efficient ways of communication[8]. As emotion is the 
third language and the core element for communication 
at the same time, designers have attempted to make 
electronic products that convey emotion, particularly in 
robots[2]. Humans expect robots to have emotion and 
emotional communication. A major issue for sociologists 
has been determining to what degree a robot’s emotion 
should be actualized. 

 How well a robot expresses its emotion 
depends on the performance of the robot’s facial 
expression. This aspect is directly related to the robot’s 
perceived humanness.  

In the present study, we designed experiments 
to acquire the results that show relations among robot’s 
emotions and facial expression and its humanness. On 
this basis, we designed an emotion eliciting algorithm.  

Before we decide the degree to which the 
robot’s emotional ability should correspond with human 
emotional capacity, we must consider the robot’s role in 
our lives and its actual technical capabilities. The general 
public has large expectations about robots[9]. Such false 
expectations have led to dissatisfaction in this area. 
Hence, we can not simply borrow from the human’s 
emotion algorithm. We have instead adapted the human 



emotion system after simplifying it, considering the 
current level of technologies that can actualize design 
concepts of a robot emotion system. We thereupon 
developed an emotion system, constructed the facial 
expression process. 
 
3. HUMANNESS IN ROBOTS 

 

The minimum unit of measurement that a 
human can sense in daily life is a millimeter. From a 
human-robot interaction point of view, it is more 
important to make a robot understand human language 
and use human language than to make it fast and 
accurate. For example, when a robot attempts to lift a 
cup from a table, it reaches its hand to the cup in a 
straight line, i.e., the shortest and the most efficient path. 
However, a curved line would be perceived as a more 
natural motion. Hence, every move a robot makes can 
influence its perceived humanness.  

A robot’s humanness is defined as how much 
the robot resembles a human. Pop culture created robots 
and made them in the form of human beings before 
robotics engineering appeared[1]. Many people have 
attempted to instill perfect humanness into robots. Hence, 
the misunderstanding that a robot should be excessively 
human-like has spread among the general public. Robots 
have also been used to represent the dark side of 
technological progress. For those reasons, making a 
robot in the perfect image of a human being remains 
contentious. We have endowed many objects with 
humanness. From household goods to computer software 
icons, objects that have a sense of humanness facilitate 
different interactions with them. Such objects may have 
similarity with humans in appearance and/or kinetic 
form. This helps humans use these objects with 
unstudied ease and even gives high value to the objects. 

 

 
 
Figure 1: Relation between human preference and 
humanness of robots (Uncanny valley, Masahiro Mori) 
and the examples of robots with facial expression 
 

A robot that is assigned a social task that 
requires smooth communication with a human should be 
able to stimulate human emotion. And the efficiency of 
communication of other products can be raised by 
imbuing anthropomorphism[2]. Robots, an aggregation 
of high tech, can be understood by their 
anthropomorphic features. Masahiro Mori noted that the 
more robots look like human beings, the more humans 
like robots[3]. However, in a graph of preference, there 
is a steep descent called an uncanny valley, as shown in 
figure 1. This informs us that excessive humanness in a 
robot can be undesirable. But it was a result of the 

research considering robot’s humanness only from its 
appearance. The uncanny valley would disappear if the 
robot used in the experiment had high intelligence 
suitable to its human appearance. 

Repliee-Q1, shown in figure 1, is quite human-
like in appearance. Although it also performs delicate 
facial expressions and body motions, its autonomous 
working ability is not sufficient for improving its 
humanness level[4]. There is a lack of reported research 
related to preferences which robot’s humanness, 
appearance, and performance take effect complexly. 
 
4. ROBOT’S FACE AND FACIAL EXPRESSION 

 

Among various factors affecting the robot’s 
humanness, robot’s face is the most important point to be 
considered. It results in same humanness when a person 
perceives a robot’s humanness on the basis of its whole 
body and when he or she does so only through the 
robot’s face[6]. As the face is of great important in 
human to human communication, the robot’s face is also 
an essential factor in human to robot communication. 
The robot’s face alone has significant effect on its 
perceived humanness.  

The Repliee-R1 robot has very humane features 
in its face but, based on interactivity tests, gave negative 
impressions[5]. This is attributed to its failure to make 
eye contact with the participants of the experiments. 
Hence, the functions of facial features are more 
important than their mere presence.  

Several personal computer software programs 
use agents to help users make full use of the software. 
Most of these agents are designed as human-like figures. 
The appearances of agents are diversified, some being 
realistic and others non-realistic. The difference in 
humanness difference is related to how intelligent agents 
perform their job, not from how realistic they look[7]. 
The naturalness in a robot’s facial appearance should 
accompany naturalness in the facial expression process. 
 
4. 1.  ELEMENTS OF FACIAL EXPRESSION 

 

Many robots, developed for research purposes 
or commercial purposes, have faces consisting of eyes, a 
nose, a mouth, ears, and so on. Some of those facial 
features have physical forms to make facial expression 
(i.e., a mechanical face). And others do not have 
physical shape but display units for facial expression.  

Repliee-R1 has elaborate facial features made 
of silicon and uses a humanlike physical mechanism to 
move its facial features[5]. However, it is difficult to 
mimic human facial expressions, because the robot is 
limited by the number of actuators used for the features 
and its accuracy. It is difficult to design status of face 
before an actual facial expression event starts and when 
it is just completed. This is deeply related to the 
perceived naturalness and humanness of robots.  

Therefore, a 2-dimensional approach for facial 
expression has advantages. First, there is infinite 
impossibility for making movements by motion graphics. 
Furthermore, dynamic and various movements can be 



expressed. The figures of facial features do not have to 
be restricted to shapes that are conventionally similar to 
a human’s features. Facial features can create and stand 
for a robot’s character when a robot adopts human’s 
features or takes some strong characteristics from the 
human face. A 2-dimensional display type is suitable for 
robots, especially for humanoid robots in hard cover 
clothes, on the assumption that the robot’s appearance 
raises human’s expectations from the robot.  

 

 
 
Figure 2: The intermediary status of facial expression 

 

4. 2.  RELATIONS BETWEEN FACIAL 
EXPRESSION AND THE TIME REQUIRED 
   

When a robot is making movement for facial 
expression, there are two parameters to consider in 
priority, how the features change its shape and how long 
a change takes. A character appearing on an animated 
cartoon should make facial expressions realistically. All 
circumstances and contexts of situation are thoroughly 
considered when designing the character’s facial 
expression[11]. On the other hand, every circumstance 
that a robot would be placed can not be insightfully 
considered, in spite of significant influence over those 
tow parameters. A robot needs a suitable emotion 
eliciting system to response properly to variable 
circumstances. 

 Human’s emotions are commonly categorized 
into six in psychology. Six emotions are surprise, fear, 
disgust, anger, happiness, and sadness. We set the robot 
used for experiment has surprise, anger, happiness, and 
sad at discretion which are chosen from different 
positions in the Emotion Elicitors of Cynthia Breazeal[8]. 
Those differences in positions make it possible that 
comparing different significances of axes in the Emotion 
Elicitors on facial expressions. In short, we constructed 
emotion system of the robot for experiment with five 
emotions (neutral emotion added).  

This study is focusing especially on the time 
required for facial expression. So we designed the 
experiments not to be influenced by the other parameters 
of facial expression. The shape of facial features 
representing each emotion was made to be the most 
distinctive for instance. 

It is expected that the relations between the type 
of emotion and the time required for facial expression 
would take effect on the naturalness of a robot, and 
human’s preference toward a robot as well. 

5.  EXPERIMENT  
 
The facial expressions for anger, happy, sad, 

and surprised start from neutral status to keep a common 
factor and make same condition up for each emotion. 
Macromedia Flash (ver.5) was used for making the robot 
face. We minimized the number of the features used in 
face. Eyes and few features around eyes are chosen to be 
in motion due to its dynamic movement when it changes 
for facial expression. Those features are placed at the 
middle of face after simplification in shape. 

Samples which have differences in the time 
required are classified as fastest (0.25 second, 3 frames), 
fast (0.67 second, 8 frames), normal (1.08 second, 13 
frames), slow (1.50 second, 18 frames), and slowest 
(1.92 second, 23 frames). Motion tweens for the process 
of facial expression were made under the 12 frames per 
second condition. 

 

 
 
Figure 3: The robot’s facial expressions used in the 
experiment 
  
 The robot which was used for the experiment is 
55-centimeter width and 110-centimeters height. The 
robot named. It was made only for experimental purpose. 
The actual body of robot helped experiment participants 
naturally percept 2-dimensional graphic of facial 
expression belongs to the robot. The robot, named ‘M’, 
does not have another function except emotion 
expression. 
 18 persons (college students: 8 male, 10 female) 
participated for the experiment.  They rated robot’s 
humanness on a 1-to-5 scale after they saw 5 different 
samples (from fastest to the slowest or from the slowest 
to the fastest). We let them rate it for every sample and 
also choose 1 sample out of the 5 samples which is 
preferred and suitable for expressing robot’s emotion. In 
the same way, participants rated humanness and chose 
sample for 4 different emotions, anger, happy, sad, and 
surprised. Sequences to show the samples changed for 
each participant. 
 

 
 
Figure 4: The robot model used in the experiment 
 

 



6.  RESULT  
 
6. 1. THE RELATION BETWEEN HUMANNESS 
OF ROBOTS AND PREFERENCE TOWARD 
ROBOTS 
 

During the experiment, the participants rated 
robot’s humanness on 5 samples of each emotion. The 
robot has 4 emotions beside neutral. Then, they did for 
20 samples in total. And they also chose 1 preferred-
sample out of 5 samples of each emotion. To identify the 
relation between humanness and preference, we saw the 
correspondence between the highest sample for its 
humanness rate and the sample which was chosen for 
preferred-sample. The discordance between two was 8 
percent (6-choices) out of 72 choices of 18 participants. 
Those 6 discordant choices were also made for the 
samples which are relatively high-rated for its 
humanness, therefore participants gave high preference 
when a robot has high humanness.  

 
6. 2. DIFFERENT TIME REQUIRED TO EXPRESS 
DIFFERENT EMOTION 

 

The mean values of the time required of 
preferred-samples are shown in table 1 and figure 5. The 
mean value was proved to be significant by one-way 
ANOVA analysis (f=11.123, sig.=.000). So the time 
required for robot’s facial expression differs due to the 
type of emotion that facial expression stands for. The 
average time required for emotions: Anger (0.44 second) 
< Surprised (0.48 second) < Happy (0.92 second) < Sad 
(1.06 second). 
 

Table 1: The mean value of the time required for each 
emotion used in the experiment 
 

 
 

 
 

Figure 5: The mean value of the time required for each 
emotion used in the experiment 
 
6. 3. CHRACTERISTIC OF EMOTION AND THE 
TIME REQUIRED 
 

Figure 6 graphically explains the relation 
between humanness and required time to make a facial 
expression. In the case of anger and surprised, 
humanness is revealed to be high only when the required 
time to make the facial expression is short, and it is 
revealed to be very low when the time is long. On the 
other hand, in the case of happy and sad, humanness is 
revealed to be relatively high when the time is long, but 
humanness keeps evenly high in the graph. In other 
words, the standard deviation, which is calculated from 
the average required time to make facial expressions of 
happy and sad, is revealed to be relatively higher than 
that of anger and surprise. 

 

 
Figure 6: Relation between humanness and the required 
time to make a facial expression 

 
Cynthia Breazeal categorized various emotions 

by three axes (valence, arousal, stance) through her 
studies[8]. Breazeal revealed that among the emotions on 
the arousal axis, anger and surprised, which belong to 
high arousal, required short time to make facial 
expressions. Humanness of anger and surprised appear to 
be high only within a specific time area whereas happy 
and sad, which belong to low arousal, take long time, 
and humanness is high and distributed throughout the 
graph. Although happy and sad are separated to the 
positive and negative ends of valance axis, they are both 
on the same position of the arousal axis.  

How capriciously a humanness changes due to 
the process of facial expression depends on the kind of 
emotion. This is deeply related with the Arousal axis of 
Emotion Elicitors according to Breazeal. This suggests 
that there are more various ways to make facial 
expressions for happy and sad than anger and surprise. 
According to the results of the experiment, happy and 
sad emotions induce evenly high humanness regardless 



of the required time to make a facial expression. This 
explains why the required time for happy and sad 
expression is relatively inconsistent and variation of time 
could express different kinds of happy and sad emotions. 

 

 
 
Figure 7: Mapping of emotional categories to arousal, 
valence, and stance dimensions, Cynthia Breazeal [8] 
 
7.  DISCUSSION  

 
In the present experiment, the expressions of 

the robot are not ideal, given that the robot did not utilize 
any intellectual interactions or movements. Therefore, 
participants may not be provided with strong motivation 
to recognize the emotions. The most important reason 
that we did not set any situations about emotion-
expression is to avoid noise occurring as a result of 
unequally generated situations in stimulating 4 types of 
emotions.  

The purpose of this experiment is to relatively 
compare the 4 types of emotions. We revealed that we 
should focus on the features of each type of emotion 
when designing the robot’s model of emotion. An 
extended form of the emotion-model could be designed 
by applying appropriate features for each emotion 
according to the following basic structure of human-
emotion. Breazeal defined the influential elements to 
revitalize emotions based on the following equation. 

 

 
Breazeal defines the eliciting of emotion 

composed of several elements which are activating 
emotion, inertial effect of emotion in formula above[8]. 
Values on the right side influence activation of the 
emotion compositively. And how much each variable 
affects sum varies according to each type of emotion. 
 

 

8.  CONCLUSION AND FURTHER RESEARCH  
 

The field of intelligent humanoid robots is 
getting broader. Competitive power in the robot design 
field depends on the degree of familiarized interaction 
with the human user that needs to be redefined rather 
than high accuracy or quick reaction. In this regard, this 
study focuses on expression of the robot’s emotion. 

Robot users expect that every robot with arm 
can shake hands with them because robots provide us 
with more expectations by their appearance than they 
actually have. We need to control elements of 
appearance according to the realized function level of the 
robot. At this point, the most important task is to define 
the level of humanness. 

Humanness is related with not only appearance 
but types and contents of communication, emotion, and 
expression. Emotion and human facial expressions are 
various and complex, and thus perceived humanness 
should be increased by expanding the range of robot 
expressions. Furthermore, we found that giving a natural 
relation between the elements comprising the robot’s 
facial expressions is another possible means of 
increasing humanness of robots. And by experiment we 
revealed that increasing humanness of robot’s expression 
raises preference toward robots. The required time to 
make a facial expression differs in accordance with the 
kind of emotion. In addition, we found that characteristic 
features of emotion influence sensitiveness of 
humanness changes due to the time required for facial 
expression.  

Robot technology has been developed from the 
viewpoint of engineers thus far. Emphasis has been 
placed on how well robots can see their environment 
(developing visual sensing technology such as cameras), 
how well they can hear (developing sound sensing 
technology such as microphones), how rapidly they can 
calculate (developing artificial intelligence), and how 
accurately they can move (developing effective 
actuators).  

Nevertheless, to make a robot reborn not as an 
aggregate of high technologies but as a killer application 
that is essential for human life, the viewpoints of 
designers should be applied[10]. In other words, research 
on how humans perceive robot’s appearance and action 
and how effectively emotions of the robot are transferred 
to the human need to be conducted.  

The facial expressions of the robot could be a 
media to promote emotional input of the human rather 
than a simple output device generating emotion. Further 
work to make robots conduct as a social component in 
daily human life is extending two-way communication 
between human and robot. In order to achieve this goal, 
we need to first conduct research on how variables of 
emotional communication such as eye contact influence 
the perceived Humanness of robots and the preference. 
 
REFERENCES 
 
1. Christoph Bartneck, From Fiction to Science -A  



cultural reflection of social robots, CHI Workshop, 
Shaping Human-Robot Interaction, 2005  

2. Carl Disalvo, Francine Gemperle, From seduction to 
fulfillment: The use of anthromorphic form in design, 
Proceedings of the international conference on 
Designing pleasurable products and interfaces, 2003 

3. Reichard, J. Robot: Fact, Fiction, and Prediction, 1978  
4. Hiroshi Ishiguro, Toward interactive humanoid robots: 

a constructive approach to developing intelligent 
robots, Proceedings of the first international joint 
conference on Autonomous agents and multiagent 
system, 2002  

5.  Takashi Minato, Michihiro Shimada, Hiroshi Ishiguro, 
Shoji Itakura, Development of an Android robot for 
studying human robot interaction, lecture notes in 
computer science, 2004  

6. Carl F Disalvo, Francine Gemperle, Jodi Forlizzi, Sara 
Kieslerm, All robots are not created equal: The design 
and perception of humanoid robot heads, Proceedings 
of the conference on Designing interactive system, 
2002  

7. Tomoko Koda, Pattie Maesm, Agent with faces: The 
effect of personification, 1997  

8. Cynthia Breazeal, Emotion and Sociable Humanoid 
Robots, International Journal of Human-Computer 
Studies 59, 2003  

9. Myung-suk Kim, Robot Design and Major Research 
Issues, 2nd Annual Workshop of Korea Robotics 
Society, 2006 

10. Ji-hoon Kim, A Fundamental Study on Design-
Centered HRI(Human Robot Interaction) Research 
Framework, The 2nd Bi-annual Design Conference of 
Korean Society of Design Science, 2005 

11. AJN van Breemen, Bringing Robots to Life: 
Applying Principles of Animation to Robots, 
Conference on Human Factors in Computing System 
(CHI), 2004 

12. Jodi Forlizzi, Francine Gemperle, Carl Disalvo, 
Perceptive Sorting: A Method for Understanding 
Responses to Products, Proceedings of the  
international conference on Designing pleasurable 
products and interfaces, 2003 


