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Abstract. Past research showed that people are able to perceive the personality of others at zero acquaintances. There are two 
main ways, verbal and non-verbal methods, which play an important role for one in perceiving personality of others. Extensive 
research was conducted in relating personality with verbal, paralinguistic and gestures cues. However, there are not much re-
search, to our knowledge, that relates the appearance and perceived personality of robots. The main objective of this research is 
to relate individual design features with big five perceived personality of the robots. We used the results of rated perceptions 
across 100 pictorial images of robots and relate the results with the 40 individual design features using General Linear Model 
(GLM). The initial results of the GLM analysis showed that participants’ rating of personality of robot fell along the dimension 
of perceived friendliness which is a common rotation of extroversion and agreeableness. Some relationships were found be-
tween humanlike design features and perceived friendliness of robots. Since participants are more familiar with humans, par-
ticipants perceived robots with humanlike features friendlier than the others. Some other findings such as color and surface 
material were found related with participants’ perceived friendliness as well. In the future, we will work on the analysis of the 
main and interaction effects of individual features on user’s perceived friendliness.  
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1. Introduction 

Recently, personality has been introduced as a new 
design dimension in social robots. The implementa-
tion of personality on social robots is supposed to 
enhance robot affordances and cues to the users [1], 
facilitate spontaneous, intimate and effective interac-
tion between humans and robots [2], and also in-
crease satisfaction of interaction between two parties 
[1, 3, 4]. 

Out of the five widely used personality dimensions, 
namely the extroversion, agreeableness, conscien-
tiousness, neuroticism, and openness [5], the most 
important dimensions for social interactions are those 
that concern individual differences in social behavior, 
namely extroversion and agreeableness or their 
common rotations, ‘friendliness’ and ‘dominance’ [6]. 
The two factors and some typical labels, including 
dominant-submissive, friendly-cold, and extroverted-

introverted were proposed as a two dimensional in-
terpersonal-space circumplex model [e.g., 6, 7-9] 
which can be used to explain a large proportion of 
variance in ratings of personality traits [6, 10-14]. 

With such importance of personality, designers 
and researchers have been emphasizing personality 
communication between robots and users. There are 
various ways of communicating personality by pro-
viding verbal and non-verbal cues to the users. The 
non-verbal cues can be further differentiated into 
visual and paralinguistic cues.  

1.1. Verbal and paralinguistic cues 

One of the most popular and common ways of pre-
senting personality is the verbal behaviors. For ex-
ample, an extroverted person is more likely to use 
strong, confident words and phrasing, whereas an 
introverted person would be more hesitant in speech 
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and use less direct and confident phrasing [15]. A 
significant amount of similar research work was con-
ducted by various researchers as well to show that 
users are able to recognize the personality of the digi-
tal voice [1, 16, 17]. These studies showed concrete 
evidences on the effect of verbal cues on users’ per-
ceived personality of social agents and/or robots. 

1.2. Visual cues and perceived personality 

Studies in social science showed that one can tell a 
great deal about the personality traits of others 
through the movement and gestures [18]. For exam-
ple, dominant personality trait are strongly communi-
cated by postures and gestures that demonstrate a 
readiness for aggressive actions whereas for submis-
sive personality persons, they tend to adopt postures 
that minimize size, such as slouching or kneeling, 
and position their bodies at an angle [19]. Using pos-
tures and gestures to communicate personality of 
social agents has received some promising results 
from previous research [2, 17].  

To design the robot appearance, researchers and 
industrial designers have been putting efforts on the 
micro perspectives which relate robot appearance 
with individual and their subjectivity [20]. One ex-
ample is Mori’s [21] Uncanny Valley, which relates 
users’ emotional responses with the robot human-
liked appearances and behaviors. This theory has 
been widely applied in the consideration of appear-
ance design for humanoid robots. With only limited 
exceptions [e.g., 20], previous research did not dis-
cuss robot appearance in a macro perspective which 
focuses on the social structure, such as social role 
and personality.  

Though similar research of facial [e.g., 9, 22, 23] 
and bodily perceptions [e.g., 9, 24, 25] of personality 
has been extensively conducted with human and 
other social characters, similar research remained 
limited on the design of social robots.  

The literature review showed concrete evidences 
of the relationships between verbal cues, posture, and 
gestures with perceived personality. These findings 
have been largely applied on the manipulations of the 
personality of social agents or robots. However, not 
much research attention was found on the relation-
ship between appearance and perceived personality, 
especially in the human-robot interaction (HRI) re-
search. To further understand how designers can 
communicate personalities with the appearance of 
humanoid robots, the author would like to place the 
focus of this study on the correlations between design 

features of humanoid social robots with the perceived 
personality.  

 

2.  Methods 

In order to understand the correlation in between 
users’ perceptions and the design features of robots, 
participants’ perceptions across the 100 images of 
different robots were firstly investigated. The indi-
vidual features of the robots of 100 images were then 
analyzed individually. These individual features were 
then correlated with the rated perceptions of these 
robots. The final results yield the relationships be-
tween robot design features on appearance and their 
perceived personality.  

The methods in this study involved the subjective 
ratings of perceived personality of pictorial image of 
robots, coding of design features, and relating the 
two parts with general linear model (GLM) which 
would be discussed subsequently.  

2.1. Participants 

Total number of 15 subjects, including 8 males 
and 7 females, were recruited from various faculties 
in Nanyang Technoglogical University of Singapore. 
The participants’ ages range from 20 to 27 years old 
(M=22.9, SD=2.09). Upon completion all the sec-
tions of the experiment, each participant was com-
pensated with SGD 25 for their time spent in the ex-
periment. No participant had reported prior experi-
ence of working or interacting with robots.  

2.2. Variables 

The five dimensions of users’ perceived personal-
ity toward robots were included in the questionnaire. 
These five dimensions included perceived extrover-
sion, agreeableness, conscientiousness, neuroticism, 
and openness [5].  

Sample questionnaire of 100 items were extracted 
from International Personality Item Pool (IPIP) [26] 
and used as the basic questionnaires to study per-
ceived robot personality in this study. Selected ap-
propriate items were modified according to the con-
text of robots’ personality and included in the ques-
tionnaire. For example, the perceived robot extrover-
sion was measured with two items, ‘This robot looks 
quiet around strangers’ and ‘This robot seemingly 
makes friend easily’. Perceived robot agreeableness 
was measured with two items, ‘This robot is seem-
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ingly interested in people’ and ‘This robot seemingly 
feels at ease with people’. Participants rated whether 
they agree with the statement on a seven point Likert 
scales (1=strongly disagree, 7=strongly agree).  

Besides the five dimensions of personality, three 
key variables of robots in HRI suggested by Bartneck 
et al. (2008) were included in this study. The first 
variable is the perceived anthropomorphism which 
refers to the attribution of a human form, human cha-
racteristics, or human behaviors to non-human things 
such as robots, computers, and animals. Six items, 
namely ‘Fake/Natural’, ‘Machinelike/Humanlike’, 
‘Unconscious/Conscious’, ‘Artificial/Lifelike’, and 
‘Moving rigidly/Moving elegantly’ were included to 
measure perceived robot anthropomorphism [27]. 
The second variable is perceived robot animacy 
which refers to lifelikeness of the robots. Perceived 
robot animacy was measured with six items, namely 
‘Dead/Alive’, ‘Stagnant/Lively’, ‘Mechani-
cal/Organic’, ‘Artificial/Lifelike’, ‘Inert/Interactive’, 
and ‘Apathetic/Responsive’ [27]. The third variable is 
perceived robot safety which describes the user’s 
perception of the level of danger when interacting 
with a robot, and the user’s level of comfort during 
the interaction. Three items, namely ‘Anx-
ious/Relaxed’, ‘Agitated/Calm’, and ‘Quies-
cent/Surprised’ were included to measure perceived 
robot safety [27].   

2.3. Experimental design 

Subjective questionnaire was designed to capture 
participants’ perception of different social robots that 
are shown to the participant in pictures. Though Al-
bright et al. [28] commented the inability to general-
ize the results of using photographs in the experiment, 
some researchers advocate using photographs in the 
experiments due to the ease of manipulations [29, 30]. 
Photographs used in experiments were careful se-
lected and filtered to prevent biases in subjects’ rat-
ings.  

2.4. Procedures 

2.4.1. Selection of pictures 
Pictures to be used for the experiment is collected 

from several sources, including research paper, tech-
nical report, newspaper, internet, illustration in litera-
tures, and movies. Among the pictures collected, 
famous robot images from movies (e.g. R2D2, C3PO 
from StarWars) were excluded because the familiar-
ity to the original film or story can give strong con-

textual information which may influence the evalua-
tion of the participant. Only images which were able 
to show clear and unambiguous physical appearance 
of a robot will be selected.  Additionally, a question 
asking whether the participant had seen the picture 
before is added in order to record the previous expo-
sure. Screened pictures were normalized by the size 
and quality of the picture in order to make them look 
as uniform as possible.   

2.4.2. Experimental procedures 
Before the experiment, participants were required 

to complete the pre-experimental questionnaire on-
line. Their results will be collected for further analy-
sis. Next, participants were required to sign the con-
sent form indicating their voluntariness of participa-
tion in the research. After that, the participants pro-
vided their demographic data, including their email 
addresses and phone numbers for further collabora-
tion.  

In the main experiment, different pictures of social 
robots were shown to the participants one after an-
other. For each of the pictures, participants were re-
quired to reflect their perceptions towards the par-
ticular robot shown in the picture. Each questionnaire 
consisted of 10 questions to access subjects’ per-
ceived personality of each illustrated robot. Due to 
the large number of pictures, the experiment was 
segmented into three sessions. Each session took less 
than two hours. After each section, participants took 
fifteen minutes break.  

 

3. Results 

3.1. Rated perceptions across 100 robots 

The five dimensions of personality of the 100 ro-
bots, namely perceived extroversion, agreeableness, 
conscientiousness, neuroticism, and openness were 
measured in the experiment. The overall Cronbach’s 
alpha value is 0.71. Whereas, the alpha values for 
perceived animacy, anthropomorphism and safety 
measurements are 0.92, 0.90 and 0.86 respectively. 

The overall mean of perceived extroversion was 
3.06 (SD=0.97), overall mean of perceived agree-
ableness was 2.90 (SD=1.10), overall mean of per-
ceived conscientiousness was 3.30 (SD=0.80), over-
all mean of perceived neuroticism was 3.20 
(SD=0.90), and overall mean of perceived openness 
was 3.10 (SD=0.90). The overall mean of perceived 
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animacy was 3.10 (SD=1.13), anthropomorphism 
was 3.12 (SD=1.12), and safety was 3.68 (SD=1.02).   

Since extroversion and agreeableness are claimed 
to be important in interpersonal communication, 
these two dimensions of personality were selected for 
further analysis. With the results of perceived extro-
version and agreeableness of social robots, a two-
dimensional map was generated (see Figure 1). Per-
ceived extroversion is on the horizontal axis whereas 
agreeableness is on the vertical axis. Two reference 
lines of X-Y axes were drawn based on the mean 
value of perceived extroversion (M=3.08) and agree-
ableness ratings (M=3.24). The diagonal line on the 
two dimensional map symbolizes the friendliness-
cold dimension as a common rotation of extroversion 
and agreeableness proposed by the two-dimensional 
circumplex model [9].  
 

 
Figure 1 Scatter plot of robots personality ratings on two 

dimensional maps of perceived extroversion  
and agreeableness 

 
From the result of the mapping, the robots can be 

mainly divided into two types by two quadrants; the 
first quadrant of high extroversion and high agree-
ableness and third quadrant of low extroversion and 
low agreeableness. Forty-four percent of robots fall 
in the first quadrant whereas fifty two percent of ro-
bots fall in the third quadrant. Four percent of robots 
fall in the second and fourth quadrants. The results 
showed a goodness-of-fit of the robots on the trait 
dimension of friendliness and imply that the partici-
pants may judge the robot from the dimension of 
perceived friendliness of robots. Since majority of 
the robots (96%) fall along the dimension of friendli-
ness-cold, the analysis will be conducted along this 
dominating dimension. 

3.2. Relating rated perceptions and coded features 
through general linear model (GLM) 

Since the focus of this present study is on the per-
sonality design for humanoid social robots, twenty-
five pictures of non-humanoid robots were removed 
for further analysis. Hence, a total of 75 humanoid 
robots were selected for the analysis.  

Relating the design features and the perceptions of 
robots, this present study focuses on both main and 
interaction effects of 40 predefined design features of 
robot appearance. 

The initial results of analysis showed that partici-
pants see the robots with more humanoid features, 
such as two upper limbs, skin surface material, mixed 
and warm color, and with clothing were perceived to 
be friendlier than the robots with more mechanical 
features, such as one upper limb, metallic surface 
material, cold color, and without clothing.  

This initial result implies the direct correlation be-
tween perceived anthropomorphism with perceived 
robot friendliness. 

4. Discussion 

The result of scatter plot on two-dimensional per-
sonality map showed that the perception of robots 
personality scattered along the dimension of friendli-
ness-cold as suggested by the two-dimensional cir-
cumplex model. The majority of the robots fall in the 
quadrant of high extroversion and agreeableness as 
well as the quadrant of low extroversion and agree-
ableness. This result indicated friendliness-cold as an 
important dimension in primary personality judgment 
of humanoid robots. And this result is similar with 
the previous findings of Dryer [31] that friendliness-
cold is an important dimension of the perceived per-
sonality judgment of social agents.  

Relating the design features with perceived robot 
personality, the results indicated that robots with 
highly humanoid features were perceived friendlier 
than the robots with highly mechanical features. This 
is probably because users are normally more familiar 
with communication with other human beings than 
machines. They may think that humans are more eas-
ily communicating than the machines and hence rated 
the robots with human-like features friendlier than 
those with machine-like features. 

Overall, the results of this present study indicate 
that human perceptions of robot friendliness are de-
pendent on their perceptions of anthropomorphism. 

y=x; Friendliness 

Cold 

B.T.T. Chee et al. / Personality of Social Robots Perceived through the Appearance 
275



Hence, one rule of the thumb for robot designers to 
design a friendly humanoid robot is to consider some 
basic humanoid features. Whereas, if robot designers 
are to design a cold robot, they may consider includ-
ing some mechanical design features. 

5. Conclusions 

This study serves as the first study to relate the big 
five dimensions of perceived personality of human-
oid robots with their visual appearance. A careful 
analysis of results can provide a set of basic guide-
lines for designers to design a robot with their in-
tended personality. 
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