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Abstract—Recent Human-Robot Interaction (HRI) research has 
focused on human factors.  To deepen the exploration of human 
factors in HRI, research has also investigated humans’ 
educational backgrounds and gender, and the gender assignment 
of robots.  In a psychological experiment, robot gender was 
assigned only by the name of the robot and a brief verbal 
instruction by the experimenters.  The results showed that 
subjects with educational backgrounds of natural science and 
technology had stronger impressions toward the robot than did 
those of a social science background.  Additionally, the perceived 
robot femininity and one of the impressions positively influenced 
the recall task scores of the robot’s utterances, in particular in 
male samples. 
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I.  INTRODUCTION 
Robots that are able to communicate with humans in daily 

life (i.e., communication robots) are expected to be utilized in 
many fields.  The research of human-robot interaction (HRI) 
has primarily been exploring influential factors in robots and 
situations, such as cooperative behaviors [1], embodiment [2], 
matching between appearances and tasks [3], and task 
structures [4].  Recent HRI research has also focused on human 
factors. 

As one negative psychological trait, it was suggested that 
the attitude and anxiety toward robots influenced human 
behaviors toward robots [5].  Moreover, it was also suggested 
that educational background, prior experience with robots, and 
gender affect these psychological constructs [6], [7].  Another 
study suggested differences due to human gender on the 
feelings and behaviors toward robots [8].  Some studies found 
interaction effects between human factors and robot factors, 
such as those between the human and the robot gender with 
respect to feelings and behaviors toward robots [9], [10] and 
between human gender and the structures of tasks that humans 
perform with robots [4].  Other studies suggest the existence of 
age differences [11], [12] and cultural differences [13]-[15] on 
the acceptance of robots. 

The above studies suggest many human factors and their 
interaction effects on other factors in HRI.  To advance the 
exploration of human factors in HRI, this research focused on 
educational backgrounds and gender since they are considered 

to be more fixed than prior experience with robots and negative 
psychological traits such as anxiety toward robots.  On 
exploring the effects of these human factors in HRI, the gender 
assigned to robots should be taken into account as one of the 
robot factors having possible interaction effects on the human 
factors.  In fact, both the research of interaction between 
humans and artificial agents and HRI suggest the effects of 
gender assignment on humans [16]-[18], and some HRI studies 
also found interaction effects due to the human gender and the 
robot gender [9], [10]. 

To explore the effects of educational backgrounds and 
gender on the interaction with robots, a psychological 
experiment was conducted in Japan as a case study.  This paper 
reports the results of the experiment and discusses the 
implications from the design perspective of HRI. 

II. METHOD 
To investigate the effects of human and robot factors and 

their interaction effects preliminarily, an experiment was 
conducted to measure and analyze human cognition and 
feelings toward a robot under the condition in which the robot 
was labeled as a male or a female.  The research questions in 
the experiment were as follows: 

(i) How can human educational background, human 
gender, and robot gender influence the cognition and 
feelings toward the robot? 

(ii) How can these factors have interaction effects? 

The experiment was conducted with a 2 x 2 x 2 between-
subject design of the subjects’ educational backgrounds, the 
robot gender and the human gender. 

A. Subjects 
The experiment was conducted from November to 

December, 2010.  A total of thirty-nine subjects participated to 
the experiment (male: 17, female: 22, natural science and 
technology education: 13, social science education: 26).  The 
subjects were university students in the western part of Japan 
and received one-thousand yen as compensation. 

The research was supported in part by the Japan Society for the
Promotion of Science, Grant–in–Aid for Scientific Research No. 21118006. 
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Thanks: “Thank you very much
Japanese “Watashi / no / jiko-sho

Figure 1. “Robovie-X” used in the experiment (
male, right: labeled as a female). 
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TABLE I CONTENTS UTTERED BY THE ROBOT 
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Figure 2. Overview of the room where the experiment was executed 
(a view from above). 
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TABLE II. ASSIGNMENT OF SUBJECTS TO CONDITIONS IN THE 
EXPERIMENT 

  Natural Science and 
Technology Social Science 

  Male Female Male Female 
Robot 
gender 

Male 6 2 3 9 
Female 4 2 4 9 

 

(iv) Just after the robot finished the utterances, the 
experimenters entered the room again and indicated 
that the session was finished.  Then, the subject 
responded to a questionnaire measuring his/her 
perception and impression of the robot, and to what 
degree he/she recalled the contents uttered by the 
robot. 

(v) Finally, the experimenters interviewed the subject 
about the robot and the experiment, and conducted 
debriefing about the actual aim of the experiment. 

D. Measures 
The measures in the experiment were based on self-reports 

from the questionnaire, which consisted of two parts. 

The first part contained twenty adjectives to measure the 
subjects’ impression of the robots.  Subjects were asked to 
respond to the degrees to which they felt the impression of the 
robot was represented by each adjective.  Each questionnaire 
item had a score for rating with seven intervals (e.g., 1. I 
strongly disagree, 4. Not decidable, 7. I strongly agree).  These 
adjectives included the items “feminine” and “masculine” (9th 
and 14th items respectively) for the manipulation check of the 
robot gender assignment. 

The second part asked subjects to recall the following 
contents uttered by the robot.  The contents were the seven 
items shown in Table I: name, birthday, hometown, workplace, 
hobby, specialty, and future hope of the robot. 

III. RESULTS 
Table II shows the number of male and female subjects for 

each robot gender assignment.  Then, the following analyses 
were performed. 

A. Manipulation Check 
To validate the effect of gender assignment of the robot, a 

multivariate analysis of variance (MANOVA) for the robot 
gender condition was conducted from the scores of the 
adjective items “feminine” and “masculine.”  The effect of 
robot gender was a statistically significant level (Wilks’s λ = 
0.614, F = 11.337, p = 0.000).  The post hoc univariate analysis 
of variance (ANOVA) showed statistically significant effects 
of the robot gender on the scores of both “feminine” and 
“masculine” (feminine: F = 7.835, p = 0.008, η2 = 0.175, 
masculine: F = 15.549, p = 0.000, η2 = 0.296). 

The subjects under the male robot condition had lower 
scores of “feminine” (mean = 2.6, SD = 1.4) than did those 
under the female condition (mean = 4.1, SD = 1.9), and the 
subjects under the female robot condition had lower scores of 
“masculine” (mean = 2.7, SD = 1.2) than did those under the 
male condition (mean = 4.6, SD = 1.7). 

B. Impression of the Robot 
To extract measures of the subjects’ impression toward the 

robot, an exploratory factor analysis with the maximum-
likelihood method and promax rotation was conducted for the 
items of impression adjectives, except for the items for 
manipulation check, “feminine” and “masculine.”  The result 
of a screen plot revealed that the six-factor structure was valid.  
Then, an item analysis consisting of factor loading, Cronbach’s 
α-coefficients, and I-T correlations were performed for each of 
the six factors to select items in the corresponding measures.  
As a result, the fifth and sixth factors were removed because of 
their low internal consistency, and the following four measures 
were extracted: 

(i) Politeness: consisting of five items (“polite in the way 
of speaking,” “obedient,” “favorable,” “active,” and 
“faithful”), Cronbach’s α = 0.768. 

(ii) Mildness: consisting of three items (“heart-warming,” 
“mild,” and “gentle”), Cronbach’s α = 0.815. 

(iii) Ambitiousness: consisting of two items (“ambitious” 
and “not content”), Cronbach’s α = 0.694. 

(iv) Assertiveness: consisting of two items (“assertive” 
and “individualistic”), Cronbach’s α = 0.781. 

The score of each impression was calculated as the sum of 
the corresponding item scores (politeness: min 5, max 35, 
mildness: min 3, max 21, ambitiousness and assertiveness: min 
2, max 14). 

Then, three types of ANOVAs, robot gender × subjects’ 
gender, subjects’ educational backgrounds (natural science and 
technology vs. social science) × gender, and robot gender × 
subjects’ educational backgrounds were conducted for the four 
impression scores.  Although three-way ANOVAs with robot 
gender × subjects’ gender × subjects’ educational backgrounds 
should have been conducted, the number of samples in some 
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Figure 3. Means and standard deviations of impression scores. 
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conditions was very small, as shown in Table II.  Thus, two-
way ANOVAs with combinations of these three factors were 
conducted. 

Table III shows the results of the ANOVAs.  There was no 
main effect of robots’ gender, subjects’ gender, educational 
background, or interaction effect between them on the 
impression scores of “mildness” and “ambitiousness.”  The 
subjects’ educational backgrounds had a statistically significant 
effect on the analysis combined with the effect of the subjects’ 
gender, which showed a statistically significant trend level on 
the analysis combined with robots’ gender for the impression 

scores of “politeness.”  The educational backgrounds also had 
statistically significant effects on the analysis combined with 
robots’ gender and that with the subjects’ gender for the scores 
of “assertiveness.”  The effect sizes of the educational 
backgrounds in these analyses were large.  Fig. 3 shows the 
means and standard deviations of these impression scores.  It 
was found that the subjects with an education in natural science 
and technology had higher scores of the “politeness” 
impression than did those with an education in social science. 

The ANOVA with subjects’ gender × educational 
backgrounds showed an effect of the subjects’ gender at a 
statistically significant trend level for the impression scores of 
“politeness.”  The effect size was at a moderate level, and it 
was found that the female subjects had higher scores than did 
the male subjects.  Moreover, the ANOVA with robot gender × 
subjects’ educational background showed an interaction effect 
at a statistically significant trend level for the impression scores 
of “assertiveness.”  The effect size was at a moderate level.  
Post hoc analyses with Bonferroni’s method found that only in 
the male robot condition did the subjects with an education of 
natural science and technology have higher scores of the 
“politeness” impression than did those with an education of 
social science (p = 0.001).  There was no statistically 
significant difference on the other pairs of conditions. 

C. Recall Task 
The recall task score of each subject was defined as the 

total number of items which he/she recalled among the seven 
items of contents uttered by the robot (0–7).  The three types of 
two-way ANOVAs were conducted for the scores in the same 
way as for the impression scores.  The analyses found neither a 
main nor an interaction effect.  The mean score was 3.4 and the 
standard deviation was 1.6. 

To explore the relationships between the subjects’ recall 
and impression of the robot, linear regression analyses with a 
decrement method were conducted for the recall task scores.  
In the analyses, the scores of the adjective items “feminine” 
and “masculine” used in the manipulation check, the scores of 
impression “politeness,” “mildness,” “ambitiousness,” and 
“assertiveness,” and educational backgrounds were used as 
independent variables.  Moreover, the regressions were carried 
out for all samples, male samples, and female samples 
separately to investigate the effects of gender differences on the 
relationships, since some existing studies suggested gender 
differences between feelings and behaviors [5], [19]. 

TABLE III. RESULTS OF ANOVAS FOR IMPRESSION SUBSCALE SCORES 

  Politeness Mildness Ambitiousness Assertiveness 
  F η2 F η2 F η2 F η2 

Robot gender ×  
subjects’ gender 

Robot gender 0.815 0.022  0.038 0.001  0.738 0.019  2.206 0.057  
Subjects’ gender 1.380 0.037  0.000 0.000  0.647 0.017  0.111 0.003  
Interaction 0.099 0.003  0.055 0.002  1.618 0.042  1.464 0.038  

Robot gender × subjects’ 
educational backgrounds 

Robot gender 1.581  0.039  0.002  0.000  0.867  0.024  0.075  0.002  
Educational background 4.079† 0.100 0.512  0.014  0.214  0.006  10.440** 0.211  
Interaction 0.078  0.002  0.021  0.001  0.021  0.001  2.882† 0.058  

Subjects’ gender × 
educational backgrounds 

Subjects' gender 2.998† 0.068  0.026  0.001  0.226  0.006  0.030  0.001  
Educational background 6.607*  0.150  0.356  0.010  0.086  0.002  7.765** 0.171  
Interaction 0.851  0.019  0.953  0.026  0.277  0.008  0.267  0.006  

(†p < 0.1, *p < 0.05, **p < 0.01) 



TABLE IV. LINEAR REGRESSION MODELS BETWEEN PERCEIVED ROBOT GENDER AND IMPRESSION SCORES AND RECALL TASK SCORES 

 Complete Samples Male Samples Female Samples 
 F(2,36) = 10.746, p = 0.000 F(2,14) = 7.224, p = 0.007 F(2,20) = 4.316, p = 0.051 

Independent 
Variables 

β t p β t p β t p 

Femininity 0.359 2.706 0.010 0.437 2.151 0.049 - - - 
Ambitiousness 0.460 3.470 0.001 0.420 2.072 0.057 0.421 2.078 0.051 

R2 0.339   0.438   0.136   

Table IV shows the results of the regression analyses.  
Statistically significant models were found for all samples and 
the male samples.  These models consist of common 
independent variables, impressions of femininity and 
ambitiousness toward the robot.  The coefficient of 
ambitiousness impression was at a statistically significant trend 
level in the case of the male samples.  Moreover, the model for 
the male samples showed a higher goodness-of-fit than that for 
all samples.  The models showed that impression of the robot 
as a female and impression of ambitiousness positively affected 
the amount of recall of contents uttered by the robot.  The 
analysis for the female samples did not show a statistically 
significant model.  The educational backgrounds had no effect 
on the recall task scores. 

IV. DISCUSSIONS 

A. Findings 
The research suggests differences dependent on the 

educational backgrounds of humans in human-robot interaction.  
The impression scores of “politeness” and “assertiveness” 
suggested that the subjects with educational backgrounds in 
natural science and technology considered the robot more 
polite and assertive than did those with social science 
backgrounds.  Moreover, these impression scores suggested the 
possibility that educational backgrounds had interaction effects 
with robot gender, although they were not strong. 

Although robot gender did not have a sufficient effect in the 
experiment, the manipulation check suggested that even 
labeling the robot with gendered names and the instruction 
regarding gender could provide humans with the perception of 
robot gender.  In the strict sense, the subjects in the experiment 
had less perception of femininity for the male-labeled robot and 
less perception of masculinity for the female-labeled robot, 
regardless that the appearance, motions, and voices had no 
information on gender.  Moreover, the perception of femininity 
had a positive effect on the recall of contents uttered by the 
robot.  The result suggests an indirect effect of gender labeling 
of robots on the human behaviors. 

The results of the regression analyses also suggested that 
the positive effects of perceived femininity and assertiveness 
impressions for the robot were higher in the male samples 
compared with the female samples.  Although human gender 
did not have a direct effect on impressions of the robot and the 
recall of robot contents, the research suggests gender 
differences for the relationships between human perception, 
feelings, and behaviors toward the robot. 

B. Implications 
The above suggestions have some implications for the 

design of HRI.  First, the educational backgrounds of robot 

users may affect their perception or feelings toward robots, and 
may have interaction effects with other human or robot factors.  
Although  it  is  hard  to  generalize  due to the small number of 
samples, the ANOVA actually found a second-order interaction 
effect between educational backgrounds, human gender, and 
robot gender on the “ambitiousness” impression scores 
(F(1,31) = 4.740, p = 0.037, η2 = 0.119).  Moreover, gender 
differences may exist for the relationships between perception, 
feelings, and behaviors toward robots.  These differences imply 
a complex nature of user perception and feelings toward robots.  
Thus, robotics designers should focus on a specific type of user 
for specific robotics applications. 

Second, the effects of robot gender assignment imply the 
importance of tasks and contexts where robots perform, as well 
as their physical gender characteristics, such as appearance and 
voice.  If tasks and contexts where robots perform are strongly 
related to gender, for example, receptionists or guides in public 
spaces, or householders in domestic areas, then users may 
expect the robots to have characteristics related to a gender bias, 
and this expectation may lead to gender assignment with the 
robots even if the robots are physically gender neutral, as 
shown in the experiment.  In other words, even if robotics 
designers make robots gender neutral, tasks and contexts may 
influence the users’ gender assignment of the robots.  This 
aspect has both positive and negative implications.  If a specific 
combination of user factors and robot gender can encourage 
user cognition and behaviors toward robots under particular 
contexts, robotics designers can predict user reactions and 
optimize the robot design under the contexts.  However, if this 
type of contexts is strongly related to existing gender 
stereotypes, reproduction of gender stereotypes [20] may result 
and cause sociological and ethical issues, such as abusive 
behaviors toward robots, as suggested by [17]. 

C. Limitations 
The experiment in this study had some problems.  First, due 

to the small number of the sampling, the second-order 
interaction effects between human and robot factors were not 
sufficiently investigated.  It also resulted in the fact that 
Bonferroni corrections for the three types of ANOVAs, which 
should have been conducted in principle, could not be applied. 

Second, the sampling was limited to a specific generation in 
a single culture, even though the possibility of cultural and age 
differences may exist toward the assumptions and expectations 
of robots [11]-[15].  Moreover, the possibility of interaction 
effects between cultures, gender, and educational backgrounds 
may influence the perceptions of robots [21].  Thus, future 
experiments should be based on a wider sampling to consider 
cultural and age differences, and their interaction effects with 
other factors. 



The third problem is the experimental design of the 
research.  The interaction between the subjects and robot in the 
experiment consist of the robot performing only a script with 
no feedback from the subjects or from the robot.  Moreover, 
the experimental design did not include either an actual task 
with the robot or the contexts. This caused a lack of reality in 
the interaction experiment.  Thus, the above second implication 
of gender and contexts does not have sufficient validity.  To 
investigate this validity, we should explore the effects in mid- 
and long-term HRI under more actual contexts, including 
gender bias. 

Finally, we did not consider the subjects’ psychological 
characteristics, such as the locus of control [22] and anxiety 
[5].  Future experiments should include these psychological 
constructs. 
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