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Abstract
The present study aims to investigate how gender stereotypes affect people’s gender attribution to social robots. To this end,
we examined whether a robot can be assigned a gender depending on a performed action. The study consists of 3 stages. In
the first stage, we determined masculine and feminine actions by a survey conducted with 54 participants. In the second stage,
we selected a gender-neutral robot by having 76 participants rate several robot stimuli in the masculine-feminine spectrum.
In the third stage, we created short animation videos in which the gender-neutral robot determined in stage two performed the
masculine and feminine actions determined in stage one. We then asked 102 participants to evaluate the robot in the videos
in the masculine-feminine spectrum. We asked them to rate the videos according to their own view (self-view) and how
they thought society would evaluate them (society-view). We also used the Socialization of Gender Norms Scale (SGNS) to
identify individual differences in gender attribution to social robots. We found the main effect of action category (feminine
vs. masculine) on both self-view reports and society-view reports suggesting that a neutral robot was reported to be feminine
if it performed feminine actions and masculine if it performed masculine actions. However, society-view reports were more
pronounced than the self-view reports: when the neutral robot performedmasculine actions, it was found to bemoremasculine
in the society-view reports than the self-view reports; and when it performs feminine actions, it was found to be more feminine
in the society-view reports than the self-view reports. In addition, the SGNS predicted the society-view reports (for feminine
actions) but not the self-view reports. In sum, our study suggests that people can attribute gender to social robots depending
on the task they perform.

Keywords Gender attribution · Social-robots · Gender stereotype · Actions · Human–robot interaction

1 Introduction

Do actions have a gender? One may say it probably depends
on the agent performing the action. But what if the agent
cannot be categorized into a specific gender class typically
determined by some physical features, as in the case of
non-biological agents such as the majority of robots we
encounter? Is it possible to define gender beyond the surface
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İmge Saltık
imge.saltik@bilkent.edu.tr
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features of an agent, more specifically in functional terms,
e.g., considering the actions performed by an individual? The
feminist philosophy and phenomenology give some impor-
tant hints to address this question. Simone de Beauvoir’s [4]
perspective on gender discerns that gender is a formation; it
is something we do [43] or something we realize [6]. This
formation is the active process referring to "doing gender"
based on social relationships [4]. The "social" corresponds to
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practices and activities which are shaped according to cul-
tural norms and stereotypes [6]. It means that gender is a
non-compulsory category recurring according to norms [21].
This recurrence is realized by the body-environment interac-
tion. According to Maurice Merleau-Ponty [20], as the body
interactswith and orients toward its surroundings, this body’s
act gains meaning. So, these theoretical frameworks indicate
that gender can be defined beyond the surface features an
agent possesses. This implies that robots, which are increas-
ingly becoming part of our lives,can be attributed gender even
though they may lack typical phenotypic features associated
with certain genders. One possible reason is that robots, espe-
cially the ones with humanoid structures, usually have the
capability to perform many actions that may include stereo-
typical content such as ’feminine’ (e.g., taking care of the
children) and ’masculine’ (e.g., playing or watching soccer
games) when they are performed by humans.

2 Gender Schemas and Stereotypes

As with other social-cognitive structures that enable us to
make sense of the world and ourselves, gender schema is
composed of associations that organize behaviors/thoughts
and shapehowan individual perceives.Martin et al. [19] elab-
orates on how these gender schema’s function and explains
it in three main parts. Primarily, gender schemas guide a
person’s response to gendered information. The gendered
information relies on societies’ femininity/masculinity ide-
als, including descriptions of how a woman/man should
behave and act. For example, people are expected to behave
according to their traditionally gendered ideals, such as
women should be caring, and men need to be tough. Sec-
ondly, the concept of a schema is crucial for understanding
the way information is organized in memory. It means that
people encode gender-congruent information better than
incongruent information. Domestic tasks (e.g., childcare,
cooking) are mostly done by women in our environment.
This association creates a congruency between the tasks and
the doer of that tasks. So, when people encounter similar
associations in different social settings, they may retrieve
the association of the women-domestic task (congruent) bet-
ter than men-domestic tasks (incongruent). Thirdly, gender
schemas serve the purpose of providing an information base
for inferential use. It is used in situations where informa-
tion is unclear or when certain details are not attended to in
familiar situations. For example, when a person meets a new
person, they may infer the person’s interests and personality
traits according to the person’s gender. If the new acquain-
tance is a woman, they can deduce that she is interested in
feminine-associated tasks (e.g., makeup and fashion).

While gender schemas are usually formed by themessages
we receive from society, one can override these schemas

through individual experiences. For instance, a person can
see themselves or others as feminine while their assigned
sex is male, or masculine while their assigned sex is female,
or make a definition independent of these definitions (e.g.,
non-binary) [35]. Thismay depend onwhich social group the
person feels like they belong to, as suggested by the social
identity theory [38]. Due to the importance of group mem-
berships for a person’s sense of self, individuals may become
motivated to perceive themselves as distinct from the com-
parison groups to which they belong [22]. So, it is possible
that people’s evaluation of themselves and othersmay change
according to the gender with which they identify themselves
and the relevant group members of that gender and may be
distinct from the gender schemas imposed by society. So, it
is important to separate an individual’s opinion and the gen-
eral opinion evaluations of the society, which forms the basis
of our study. Given the possible conflicts between an indi-
vidual’s gender schema and a schema imposed by society, it
is also important to consider how confident one is in gender
evaluations, which is one of the issues we addressed in this
study.

Whether it is one’s individual schema or a schema that
is imposed by society, people use these schemas throughout
their lives, and when they become automatic, they are called
(gender) stereotypes. Stereotypes reflect expectations about
members of certain social groups [29]. Especially when the
scope of these social groups is enlarged with the inclusion of
advanced technological entities such as social robots, people
project these automatic gendered evaluations on them, which
will be discussed in the following section.

2.1 Evidence for Gender Attribution to Robots

A growing body of research indicates that people use their
gender stereotypes while they perceive and interact with
humanoid robots and attribute gender to them. These studies
usually manipulate either the surface features of the robots
or their occupations. For example, Eyssel and Hegel [12]
manipulated hair length and asked people to make judg-
ments about the gender of a robot. Female robots with long
hair are perceived as more communal than male robots with
short-hair, while male robots with short hair are perceived as
more agentic than females. Other studies found that partici-
pants evaluated a robot asmoremasculine when it performs a
security job andmore feminine when it performs a guidance-
related job [40]. Similarly, amale-looking robotwas assigned
a security job, and a female-looking robot was assigned a
health-related job [39].

Stereotypes also influence how robots are designed. For
example, a receptionist robot was designed to have more
feminine features (e.g., hip-waist ratio) and was evaluated
as more "hospitable". On the other hand, when robots are
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designed with broader shoulders, they are found to have
an "authoritative" appearance [41]. These studies indicate
that people perceive robots with masculine characteristics as
more capable ofmale stereotypic tasks (for example, carrying
an item, usingmachines) than feminine tasks (e.g., childcare,
housework, etc.) [12]. Another study shows that people’s per-
ceptions of emotional intelligence can differ in both human
and robot agents [8]. The study reported that participants
rated male agents with significantly higher emotional Intel-
ligence. Also, they observe that people’s attributions change
either (1) as a result of the robot’s voice or (2) as a result of
gender-specific expectations. It means that people expect a
female robot to have a higher emotional intelligence rating
but are disappointed with the female robot showing lower
emotional intelligence. Another study found that when par-
ticipants and the robot were of the same gender, people’s
acceptance was greater, and the participants felt psycholog-
ically closer to the robot [13]. In addition to these, recent
research shows how robot appearances and task character-
istics influence people’s perceptions of robots [24]. In this
study, researchers manipulated robot gender as male/female
and task type as social/analytical and measured the level
of trust, humanness, and social perception of the gendered
robot. The results showed that the robots are viewed as more
competent and trustworthy when performing analytical tasks
than social tasks, regardless of the robot’s gender. Also, they
found that there is a tendency for people to dehumanize
female robots independent of the tasks performed.

2.2 Consequences of Gender Attribution to Robots

One way to understand the significance of gender attribu-
tion to social robots is to consider its consequences. Previous
research shows that people tend to project gender schemas
and stereotypical behaviors onto robots, especiallywhen they
have humanoid characteristics and are placed in social roles
[1]. Siegel et al. [33] report that users tended to view robots of
the ’opposite’1 gender as more credible, trustworthy, engag-
ing, and therefore more persuasive than those of the ’same’
gender. This implies that the attribution of gender to robots
can affect people’s emotions and behaviors towards robots
[25, 26]. It is also possible that reflecting gender schemas
onto robots leads to discriminatory acts towards them or even
dehumanization [21, 36]. On the other hand, gender attribu-
tion to robotsmay change our relationshipwith other humans
as well. For instance, Liang et al. [18] propose that realistic
humanoid robots have the potential to disrupt social interac-
tion between humans and create less empathic relationships
by offering a poor substitute for human connection.

1 Indication of cis-gender identity and sexual orientation (male-
female).

3 Gaps in Our Knowledge About Gender
Attribution to Social Robots

Gender attribution to social robots so far is studied with sur-
face/physical features and tasks/occupations. However, what
constitutes gender may not be limited just to those features,
and further work is needed to understand what aspects of
an agent lead one to attribute a specific gender to them. For
instance, actions are important because body movement and
comportment are determinative of what makes an experi-
enced human [44]. Actions taken by an agent may carry
gender information depending onwhat has been learned from
the socio-cultural environment. In fact, in many cultures cer-
tain action categories are associatedwith certain genders. For
instance, in Türkiye in which we conduct the present study,
women are usually related to activities such as childcare or
housework and men are related to activities such as sports
or socializing due to allocating more time in these activities
[17]. Given the increasing role of social robots in our cultural
practices, it remains unknown whether they are enculturated
and gendered like humans.

Another issue that is overlooked in gender attribution
studies in social robotics is the distinction between one’s
self-evaluation of an agent’s gender and how they think the
society evaluates the gender of the agent. Hira [15] states that
people can express their gender identity with(out) concern-
ing social expectations of being a woman or a man. This,
in turn, implies that one may evaluate the gender identity of
a social robot by disregarding the gender stereotypes con-
structed in society. So, studies on gender attribution to social
robots, especially those with self-reports, should explicitly
distinguish whether one is doing a gender evaluation based
on their own views or what they think about the evaluation
of the society.

A final issue that requires further investigation is whether
there are gender differences and individual differences in
gendering robots. Previous research shows some evidence
that there are gender differences in gendering non-human
agents, including avatars in online games, aswell as robots [9,
10, 14, 16, 30]. Towhat extent these differences remain when
people evaluate robots based on culturally defined gendered
actions they perform is not known. Furthermore, it is an open
questionwhether the extent towhich one is exposed to gender
roles imposed by a society determines how one evaluates
robots in terms of gender.

In the present study, we aim to test whether humans
attribute gender to robots based on the actions they perform.
We define gender as referring to masculinity and femininity
and not as (assigned) sex. An individual’s assigned sex can be
taken as a categorical variablewhose two values aremaleness
and femaleness, and neither of them can be further broken
down; neither is gradable. On the other hand, masculinity
and femininity are both continuous variables representing
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the ideals constructed by society. For instance, considering
masculinity and femininity as a continuum, there would be
a degree of being masculine/feminine relative to someone
[32].

We hypothesize that people attribute a specific gender to a
gender-neutral robotwhen it performs actions that are associ-
ated with that gender category. More specifically, we predict
that when a gender-neutral robot performs feminine actions,
it is evaluated as feminine, and when it performs mascu-
line actions, it is evaluated as masculine. However, we also
hypothesize that gendering based on society-level evalua-
tions is much more pronounced than participants’ own (self)
evaluations. In other words, we predict that a robot perform-
ing a masculine or feminine action is evaluated much more
masculine or feminine, respectively, in society-level evalu-
ations than self-evaluations. In addition, we also investigate
whether there are gender differences and individual differ-
ences in gender attribution to social robots. We hypothesize
that the extent to one receives messages about gender roles
from the society, measured by the Socialization of Gender
Norms Scale (SGNS) [2, 11] could predict society-level eval-
uations but not necessarily self-evaluations.

We believe that our study has important contributions to
HRI. First of all, it will extend previouswork that studies gen-
dering robots based on visual features or occupations and test
whether the actions they perform are effective in gender attri-
bution. Second, it will reveal how one’s own evaluations and
society’s evaluations may differ in gendering robots. Third, it
will show whether there are individual differences in gender
attribution to robots based on the gender stereotypes we get
from society, which is a topic that has not been tested before.
Finally, our study will shed light on the possible implications
of this work on robot design.

4 Materials andMethods

Our study consisted of the main study (Study 3) and two
pre-studies conducted before that (Study 1 and Study 2). In
Study 1, we identified a gender-neutral robot among some
candidate robot characters. In Study 2, we identified cul-
turally defined feminine and masculine action categories. In
Study 3, we animated the gender-neutral robot identified in
Study 1 to perform the gendered actions identified in Study 2
and measured how people evaluate the gender-neutral robot
when it performs gendered actions.

4.1 Study 1: Selection of a Gender-Neutral Robot

Themain aim of the studywas to determine a neutral-looking
robot in the feminine-masculine dimension. This robot was
going to be used in the animations created for Study 3 (see
below). In this study, 76 participantswere shownpictures of 7

different robot characters fromvarious angles (Neu-1,Neu-2,
Neu-3, Fem-1, Fem-2, Ma-1, and Ma-2; See Fig. 1) and then
asked to rate the gender of these characters on a scale between
(−3) and (+ 3)where [−3 0)meansmasculine, (0+ 3]means
feminine, and 0 means neutral. We used this interval and
values because, (1) as Tabachnick & Fidell [37] indicated,
the Likert-type scalesmay treat variables as continuous (even
if the data are ordinal), 2) we wanted to have a typical 7-
point Likert scale, (2) we wanted to indicate a neutral option
so 0 was also placed in the middle of the scale. We then
define−3 as indicating extremelymasculine,−2moderately
masculine,−-1 less masculine, 0 neutral,+ 1 less feminine,
+ 2 moderately feminine, and + 3 extremely feminine. The
robot pictures were used in Study 1 with the permission of
the robots’ designers. The robots were selected from Unity,
Mixamo, CgTrader, and 123rf.

Figure 2 shows the mean responses given to each robot
character. The robots designed as feminine on purpose (Fem-
1 and Fem-2) were rated as feminine, and the robots designed
as masculine on purpose (Ma-1 and Ma-2) were rated as
masculine. Among the robots that were designed as neutral
on purpose, Neu-2 and Neu-3 were rated as masculine. The
robot that was rated as closest to neutral was Neu-1 (See
Fig. 3). So, we selected this robot for Study 3.

4.2 Study 2: Selection of Feminine andMasculine
Actions

The category of the actions in the videos was determined by
a separate study conducted with 54 participants (35 women,
Age range: 19–60, Mean Age: 27.5). They were people who
live in Turkey. No information about their occupation or edu-
cation level was collected. Participants were asked to write
down the human actions they think women and men usu-
ally do in daily life in 10 min. We defined them as actions
rather than gendered social tasks because we refrained from
portraying the genders based on ’tasks’ or ’roles’ that sound
like ’requirements’ of being feminine/masculine.We defined
actions that were associated with women as "feminine" and
the actions that were associated with men as "masculine".
Our results show that the top 5 actions that were associated
with women were babysitting, cooking, cleaning, shopping,
and doingmake-up, whereas the top 5 actions that were asso-
ciated with men were playing video games, doing sports,
driving, watching TV, and mending. All these actions were
reported to beperformedbywomenormenbymore than50%
of the participants. One interesting fact about these action
categories was that feminine actions were mostly related to
care work, whereas masculine actions were mostly related
to leisure tasks. These results were consistent with previous
reports about gender roles in general and gender stereotypical
activities in particular in Türkiye [17].
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Fig. 1 The static pictures of robots that were used in Study 1 to identify the most neutral-looking robot stimulus.

Fig. 2 The graph shows the mean
responses given to each robot
character. The error bars show
the standard error of the mean
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Fig. 3 The neutral-looking robot stimulus was used in the main study
(Study 3)

4.3 Study 3: Main Study

4.3.1 Participants

103 people participated in the study (Age range:18–61,Mean
Age = 25.9, SD = 8.95), 68 Women, 34 men, and 1 Queer.
Unfortunately, we had to exclude the queer participant due to
not having a sufficient number of participants in this category
(n=1). The participantswere native speakers of Turkish. The
study was approved by the Human Research Ethics Commit-
tee of Bilkent University. All participants signed a consent
form before the experiment.

4.3.2 Stimuli, Design, and Procedure

The visual stimuli consisted of ten 5-s videos created using
3D animation techniques (Autocad, Sketchup, 3d max,
Lumion, cinema 4d). In each video, the gender-neutral robot
determined in Study 1 performed an action (See Fig. 4). Half
of the videos depicted "feminine" actions (babysitting, cook-
ing, cleaning, shopping, makeup), and the other half depicted
"masculine" actions (driving, mending, doing sport, watch-
ing TV, playing PC games), which were determined in Study
2.

There are twomain independent variables in the study. The
first is the action category, which has two levels: masculine
and feminine. The other independent variable is the gender
of the participants: male and female.

There were 2 dependent variables. Both variables mea-
sured gender attribution, but one of them asked the partic-
ipants to evaluate the robot in the videos in the feminine-
masculine dimension based on their personal view (Self-
view), and the other asked the participants to evaluate the
robot based on the view of the society in which they live
in (Society-view). They were measured on a [−3 + 3] scale
where−3means extremely masculine,+ 3means extremely

feminine, and 0 means neutral. Participants were also asked
about their confidence level in their answers on a 5-point
Likert-type scale where the ankers were "not at all" (0), "not
sure" (1), "undecided" (2), "sure" (3), "completely sure" (4).
We used a 5-point scale to be sensitive enough to capture the
confidence of the participants in their evaluations (a 3-point
scale would not be sensitive enough, and a 7-point would be
too detailed beyond our interests).

In addition, we also aimed to measure individual differ-
ences in gender attribution to social robots. To this end, we
used the Socialization ofGenderNorms Scale (SGNS) devel-
oped by Epstein [11] and adapted to the native language
of the participants by Arici [2]. Epstein (2008) examined
the relationship between gender role development, gender
role conflict, and well-being by focusing on how gender
roles develop within the individual. He developed the SGNS,
which consists of expressions received from parents and
friends about gender roles during socialization. It basically
aims to measure the perception of gender roles via the fre-
quency of gender-role-related messages people receive from
society (e.g., Q3: Men should be the initiators in romantic
relations and should be the ones to ask women out, Q12:
People who have premarital sexual relations risk bringing
shame to the family name).

The study was conducted online through Qualtrics. It con-
sisted of two parts. In the first part, participants were shown
the 10 videos in a randomized order and were asked to rate
how masculine or feminine the agent looked based on their
self-view and society-view and how confident they were in
their response. In the second part, they filled in the SGNS.
The study took around 15 min.

4.3.3 Data Analysis

We ran several statistical tests to measure whether people
attribute gender to gender-neutral robots based on the cate-
gory of the action performed on JASP 0.16.1.0. First, we ran
2 (Gender: Male, Female)× 2 (Action category: Masculine,
Feminine) repeated measures ANOVA on gender attribu-
tion scores based on self-view and society-view separately.
Second, we conducted 2 (Gender) × 10 (Action exemplars)
repeated measures ANOVA post hoc on the same scores to
investigate whether specific action exemplars were more dis-
tinctive from the same category’s other exemplars. Third, we
conducted 2 (View type) × 2 (Action category) and 2 (View
type) × 10 (Action exemplars) repeated measures in order
to test whether participants’ own views and what they think
about society viewwould be significantly different from each
other. In addition, although it was not of primary interest, for
completeness, we conducted 2 (View type) × 10 (Action
exemplar) and 2 (View type) × 2 (Gender) repeated mea-
suresANOVAonconfidence scores. To investigate individual
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Fig. 4 Single frames for each of the action videos that were used as stimuli the left column shows feminine actions, and the right column shows
masculine ones.
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Fig. 5 The graph shows the self-view mean responses given to each
action category (referring to type of actions in the table) by female and
male participants. The error bars show the standard error of the mean

differences in gender attribution, we ran a linear regression
analysis to find out whether the perception of gender roles
(SGNS scores) predicts gender attribution for self-view and
society-view scores.

5 Results

5.1 View Analysis

5.1.1 Self-View Analysis

2 (Gender) × 2 (Action category) ANOVA on self-view
scores showed a main effect of action category (F (1, 100)
= 49.114, p < 0.001, η2 = 0.188). The robot performing
feminine actions (M = -0.100, SD = 1.121) was rated sig-
nificantly higher in the masculine-feminine dimension (i.e.,
more feminine) than the robot performing masculine actions
(M = -1.033, SD = 0.768) (MD: 0.975, SE: 0.161, t = 6.040
p < 0.001, See Fig. 5). There was no main effect of gender
(F (1, 100) = 0.185, p = 0.668). There was no interaction
between action category and gender (F (1, 100) = 0.807, p
= 0.371).

2 (Gender) × 10 (Action exemplar) ANOVA on the self-
view scores showed a main effect of action exemplar (F (1,
100) = 18.120, p < 0.001, η2 = 0.129; See Fig. 6). Post
hoc analysis shows that within the feminine actions category,
babysitting was rated significantly less feminine than clean-
ing (MD = −1.000, SE = 0.239, t = −4.189, p < 0.001);
cooking was rated significantly less feminine than makeup
(MD = −1.029, SE = 0.239, t = −4.312, p < 0.001) and
cleaning (MD=−1.471, SE = 0.239, t =−6.160, p<0.001).
There was no significant difference between the other action
exemplars within the feminine actions category (p > 0.05).
Among the masculine actions, doing sports was rated signif-
icantly more masculine than watching TV (MD = −0.934,

SE = 0.239, t = −3.911, p < 0.003) and driving (MD =
−1.037, SE = 0.239, t = −4.343 p < 0.001). Playing PC
game was rated significantly more masculine than watching
TV (MD = -0.985, SE = 0.239 t = −4.127 p < 0.001) and
driving (MD = −1.088, SE = 0.239 t = −4.558 p < 0.001).
There was no significant difference between the other action
exemplars within the masculine actions category (p > 0.05).

There was no main effect of gender (F (1, 100)= 0.185, p
= 0.668). Therewas no interaction between action exemplars
and gender (F (1, 100) = 1.098, p = 0.362).

5.1.2 Society-View Analysis

2 (Gender) × 2 (Action category) ANOVA on society-view
scores showed a main effect of action category (F (1, 100)
= 303.772, p < 0.001, η2 = 0.646). The robot performing
feminine actions (M = 1.351, SD = 1.344) was rated higher
in the masculine-feminine dimension (i.e., more feminine)
than the robot performing masculine actions (M = -1.814,
SD = 0.797) (t = 18.636, p < 0.001; See Fig. 7). There was
no main effect of gender (F (1,100) = 1.744, p = 0.190).
There was no interaction between the action category and
gender (F (1,100) = 0.029, p = 0.865).

The 2 (Gender) × 10 (Action exemplar) ANOVA on the
society-view scores showed a main effect of action exem-
plar (F (1, 100) = 107.190 p < 0.001, η2 = 0.467; See
Fig. 8). Post hoc analysis (Bonferroni corrected) showed
that all feminine actions were rated significantly higher in
the masculine-feminine dimension (i.e., more feminine) than
themasculine actions (p< 0.01). Babysitting actionwas rated
significantly different from all masculine actions (p < 0.01)
and from one feminine action, shopping (MD = 0.78 SE =
0.236 t = 3.299, p = 0.014). Cooking was rated significantly
different from all masculine actions (p < 0.01). Cooking was
rated less feminine from one feminine action, cleaning (MD
= −1.029 SE = 0.236, t = −4.357, p = 0.001).

Among the masculine actions, doing sports was rated sig-
nificantlymoremasculine thanwatching TV (MD=−1.098,
SE =0.224, t =−4.908,p<0.001) and driving (MD=0.961,
SE = 0.224, t = −4.294, p < 0.004). Doing sport was rated
significantly more masculine than watching TV (MD = −
1.074, SE = 0.236, t =−4.544, p < 0.001) and driving (MD
= −0.926, SE = 0.236, t = −3.921, p = 0.001). The PC
game was rated significantly more masculine than watching
TV (MD = -1.191, SE = 0.236, t =−5. 042, p < 0.001) and
driving (MD =−1.044, SE = 0.236 t =−4.419, p < 0.001).
There was no significant difference between the other action
exemplars within the masculine actions category (p > 0.05).
There was no main effect of gender (F (1, 100) = 1.744, p
= 0.190). There was no interaction between action exemplar
and gender (F (1,100) = 0.559, p = 0.831).

123



International Journal of Social Robotics (2023) 15:1915–1931 1923

Fig. 6 The graph shows the
self-view mean responses given
to each action exemplar
(referring to actions in the table)
by female and male participants

Fig. 7 The graph shows the society-view mean responses given to each
action category (referring to the type of actions) by female and male
participants. The error bars show the standard error of the mean.

5.1.3 Comparison of Self-View and Society-View

2 (View) × 2 (Action category) ANOVA showed that there
was a main effect of the action category (F (1, 100) =
380.224, p < 0.001, η2 = 0.411). The robot performing fem-
inine actions was rated higher in the masculine-feminine
dimension (i.e., more feminine) than the robot performing
masculine actions (See Fig. 9). There was a main effect of
view (F (1, 100)= 13.628, p < 0.001, η2 = 0.014). Society-
view responses were higher than the self-view responses.

There was also an interaction between the view and action
category (F (1,100)= 79.997, p < 0.001). While the society-
view responses were higher than the self-view responses for
feminine actions, the opposite was true for masculine actions
(See Fig. 9).

2 (View)× 10 (Action exemplar) ANOVA showed a main
effect of view where society-view responses were evaluated
higher than the self-view responses (F (1, 100) = 13.628, p
< 0.001, η2 = 0.008; See Fig. 10). There was a main effect
of action exemplar (F (1,100) = 101.320, p < 0.001, η2 =
0.268). Table 1 shows the post hoc pair-wise comparisons
between action exemplars. There was also an interaction
between view and action exemplars (F (1,100) = 24.447,
p < 0.001, η2 = 0.067). Society-view reports were more pro-
nounced for action exemplars of both action categories (more
feminine or more masculine) than the self-view reports (p <
0.001). Table 2 shows the planned contrasts between self-
view and society-view responses for each action exemplar.

5.2 Confidence Level Analysis

2 (View)× 10 (Action exemplars)ANOVAon the confidence
scores showed a main effect of action exemplar (F (1, 100)
= 6.859, p < 0.001, η2 = 0.036). There was no main effect of
view (F (1, 100)= 0.018, p= 0.894). There was a significant
interaction between view and actions exemplars (F (1, 100)
= 6.736 p < 0.001, η2 = 0.017).

2 (View) × 2 (Gender) ANOVA on confidence scores
showed no effect of gender (F (1, 100) = 1.556, p = 0.215)
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Fig. 8 The graph shows the
society-view mean responses
given to each action exemplars
(actions) by female and male
participants. Error bars show the
standard error of the mean

Fig. 9 The graph shows the interaction between view type and action
category with a mean, mean difference, standard deviation, and t and p
values

and no effect of view type (F (1, 100) = 0.650, p = 0.422).
However, there was a significant interaction between view
and gender (F (1, 100)= 7.896, p< 0.006,η2 = 0.009). In the
post hoc comparisons (Bonferroni Corrected) for the major-
ity of actions, there was no significant difference between
self-view and society view scores (p > 0.05) except for sev-
eral of them, which are listed below.

5.2.1 Comparison of Self-View Action Responses

The confidence level of the self-view responses between none
of the pair-wise action exemplars was significantly different
from each other (p > 0.05).

5.2.2 Comparison of Society-View Action Responses

The confidence level of society-view make-up action (M
= 3.265, SD = 0.730) was rated higher than society-view
shopping actions (M = 2.794, SD = 1.047) (t = 4.950, p <
0.001). It was rated higher than society-view watching TV
action (M = 2.765, SD = 0.935) (t = 4.384, p = 0.002) and
society-view driving action (M = 2.676, SD = 1.055) (t =
5.516, p < 0.001). Society-view shopping action (M = 2.794,
SD = 1.047) was rated lower than society-view doing sport
action (M = 3.353, SD = 0.779) (t = −5.516, p < 0.001)
and society-view playing game action (M = 3.265, SD =
0.807) (t =−4.809, p < 0.001). Also, it was rated lower than
society-view mending action (M = 3.256, SD = 0.727) (t =
−0.001, p < 0.001).

The confidence level of society-view doing sport action
(M = 3.353, SD = 0.779) was rated higher than society-view
watching TV action (M = 2.765, SD = 0.935 (t = -4.950,
p < 0.001). It was also rated higher than the society-view
of driving action (M = 2.676, SD = 1.055) (t = 6.081, p <
0.001). Society-view playing game (M = 3.265, SD= 0.807)
action was rated higher than society-view driving action (M
= 2.676, SD= 1.055) (t = 5.374, p < 0.001). It was also rated
higher than society-view watching TV action (M = 2.765,
SD = 0.935) (t = 4.243, p = 0.004). Society-view watching
TV action (M = 2.765, SD = 0.935) was rated lower than
society-view mending action (M = 3.256, SD = 0.727) (t =
1.131, p = 0.002). Society-view driving action (M = 2.676,
SD = 1.055) was rated lower than society-view mending
action (M = 3.256, SD = 0.727) (t = -5.516, p < 0.001).
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Fig. 10 The comparison of the
society-view and self-view
reports shows the more
pronounced responses (more
femininity or masculinity) in the
society-view reports compared to
self-view reports

5.3 Regression Analysis

A linear regression analysis was conducted to examine to
what extent SGNS could predict participants’ society-view
and self-view masculine-feminine gender attribution. Our
results showed that it significantly predicted society-view
feminine action scores (R2 = 0.052), suggesting that the
predictor variable explained a 5.2% variance in the outcome
variable with (F (1,100) = 5.52, p = 0.021; β = −0.23, p <
0.021). However, SGNS did not predict society view mascu-
line action scores (F (1,100)= 0.16, p= 0.691), nor self-view
masculine action scores (F (1,100)= 0.03, p= 0.865) or fem-
inine action scores (F (1,100) = 2.32, p = 0.13). (Figure11)

6 Discussion

There is a growing body of research on gendering robots in
HRI [7, 25, 34] The aim of this study was to go beyond the
studies that define gender in terms of physical features [12]
or occupations [39, 40] and test whether gendered actions
defined in social and cultural terms could affect how robots
are attributed to gender. Our results show that when a gender-
neutral robot performs gendered actions, it is attributed to
the same gender category as the action. More specifically, a
gender-neutral robot is evaluated as feminine if it performs
actions usually associated with women, and masculine if
it performs actions usually associated with men. However,
people’s evaluations of the robot’s gender are found to be dif-
ferent from how they think the society they live in evaluates
them.Thedegree of genderingwasmuchmore pronounced in

the society-level evaluations than the personal ones. In other
words, a robot performing amasculine action was ratedmore
masculine at the society-level evaluations than the personal
ones. The same is true for a robot that performs feminine
actions.

Furthermore, we also investigated individual differences
in gendering robots using the Socialization of Gender Norms
Scale (SGNS), which measures the extent one receives mes-
sages about gender roles from society. Our results show that
the gendering of a robot performing a feminine action at
the society-level evaluations is well predicted by the SGNS.
However, the gendering of a robot performing a masculine
actionwas not predictedwell, which in turn, indicates the dif-
ferences in how gender roles taught by society affect gender
attribution to robots.

6.1 Novelty and Contributions to HRI

Our study has three main contributions to the HRI literature.
First, our study extends previous work on gendered robots by
considering a social and cultural aspect of the gender con-
cept, namely the actions or activities associated with each
gender. In that sense, our study complements the work that
defines the gender of a robot primarily with visual features
[27] and provides evidence that gender should be defined by
taking into account its physical, social, and cultural aspects
in the context of actions [5]. At first sight, physical features
seem to have "enough" information to infer the gender of a
robot. For instance, people may think that having a broad
shoulder makes a robot masculine [41] or that having long
hair makes it more feminine [13]. However, when the critical
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Table 1 Post hoc comparisons
for the main effect of action
exemplars

Post Hoc Comparisons—Actions

Mean Difference SE t pbonf

Baby Sitting Cooking 0.603 0.157 3.851 0.006

Makeup −0.118 0.157 −0.751 1.000

Cleaning −0.652 0.157 −4.164 0.002

Shopping 0.299 0.157 1.910 1.000

Doing Sport 2.569 0.157 16.407 < 0.001

PC Game 2.632 0.157 16.814 < 0.001

Watching TV 1.578 0.157 10.082 < 0.001

Driving 1.529 0.157 9.769 < 0.001

Mending 2.069 0.157 13.213 < 0.001

Cooking Makeup −0.721 0.157 −4.603 < 0.001

Cleaning −1.255 0.157 −8.016 < 0.001

Shopping −0.304 0.157 −1.941 1.000

Doing Sport 1.966 0.157 12.556 < 0.001

PC Game 2.029 0.157 12.963 < 0.001

Watching TV 0.975 0.157 6.231 < 0.001

Driving 0.926 0.157 5.918 < 0.001

Mending 1.466 0.157 9.362 < 0.001

Makeup Cleaning −0.534 0.157 −3.413 0.030

Shopping 0.417 0.157 2.661 0.356

Doing Sport 2.686 0.157 17.158 < 0.001

PC Game 2.750 0.157 17.565 < 0.001

Watching TV 1.696 0.157 10.834 < 0.001

Driving 1.647 0.157 10.520 < 0.001

Mending 2.186 0.157 13.965 < 0.001

Cleaning Shopping 0.951 0.157 6.074 < 0.001

Doing Sport 3.221 0.157 20.571 < 0.001

PC Game 3.284 0.157 20.978 < 0.001

Watching TV 2.230 0.157 14.246 < 0.001

Driving 2.181 0.157 13.933 < 0.001

Mending 2.721 0.157 17.378 < 0.001

Shopping Doing Sport 2.270 0.157 14.497 < 0.001

PC Game 2.333 0.157 14.904 < 0.001

Watching TV 1.279 0.157 8.172 < 0.001

Driving 1.230 0.157 7.859 < 0.001

Mending 1.770 0.157 11.303 < 0.001

Doing Sport PC Game 0.064 0.157 0.407 1.000

Watching TV −0.990 0.157 −6.325 < 0.001

Driving −1.039 0.157 −6.638 < 0.001

Mending −0.500 0.157 −3.194 0.065

PC Game Watching TV −1.054 0.157 −6.732 < 0.001

Driving −1.103 0.157 −7.045 < 0.001

Mending −0.564 0.157 −3.601 0.015

Watching TV Driving −0.049 0.157 −0.313 1.000

Mending 0.490 0.157 3.131 0.081
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Table 1 (continued)
Post Hoc Comparisons—Actions

Mean Difference SE t pbonf

Driving Mending 0.539 0.157 3.444 0.027

Table 2 Pair-wise comparisons for all actions by view categories

Paired Samples T-Test

95% CI for Cohen’s
d

Measure 1 Measure 2 t df p Cohen’s d Lower Upper

Baby-Self – Baby-Society −8.028 101 < 0.001 −0.795 −1.016 −0.571

Cooking-Self – Cooking-Society −6.994 101 < 0.001 −0.692 −0.907 −0.475

Makeup-Self – Makeup-Society −3.862 101 < 0.001 −0.382 −0.583 −0.180

Cleaning-Self – Cleaning-Society −5.660 101 < 0.001 −0.560 −0.768 −0.350

Shopping-Self – Shopping-Society −3.692 101 < 0.001 −0.366 −0.565 −0.164

Sport-Self – Sport-Society 4.156 101 < 0.001 0.412 0.208 0.613

PCGame-Self – PCGame-Society 3.555 101 < 0.001 0.352 0.151 0.551

WatchTV-Self – WatchTV-Society 3.030 101 0.003 0.300 0.101 0.498

Driving-Self – Driving-Society 4.982 101 < 0.001 0.493 0.287 0.698

Mending-Self – Mending-Society 3.428 101 < 0.001 0.339 0.139 0.538

visual features that help people easily assign a gender cate-
gory are lacking, they may have to rely on other information,
such as the actions and activities performed by the robot. Our
study shows that actions can also be gendered depending on
society’s social and cultural norms (e.g., women clean or take
care of their babies whereas men play video games), and this
can project to the evaluations of robots even though they look
gender neutral.

Furthermore, our results suggest that actions may vary in
the degree they inducegendered evaluations for robots.While
the feminine and masculine action categories identified in
our pre-study were largely separated in gender evaluations
of robots in the main study, some action exemplars within
each category represented that category more strongly than
the other exemplars (e.g., cleaning was more feminine than
shopping, and playing video gameswasmoremasculine than
driving). This variation may be determined by how often that
action is performed by the women and men of the society
where the evaluations are made.

Second, our study demonstrates the importance of dis-
tinguishing between one’s personal evaluations and what
one thinks about society’s evaluations of gendering robots.
Given that the concept of gender is inherently social, but
that gender schemas can be overridden by one’s individual
experiences [34], one might expect that people may devi-
ate from the social norms in gendering robots. Indeed, our
data shows that society-level gendering ismuch stronger than

the personal-level gendering of robots. More specifically, a
robot performing a feminine or masculine action was evalu-
ated more strongly as feminine or masculine, respectively, in
society-level evaluations than the personal-level evaluations.
Furthermore, our results also indicate that society-level eval-
uations can be predicted by the extent towhich one is exposed
to information about gender roles in the society they live in.
However, this holds true only for actions in the feminine cat-
egory and not those in the masculine category. This, in turn,
suggests that as a person receives a greater deal of infor-
mation about gender roles from society, they will think that
society attributes less femininity to feminine actions but that
their judgments about masculine actions will not be affected.
This is an interesting finding which may be further investi-
gated in future studies to reveal the individual differences in
gender evaluations in different cultural contexts.

Third, our study demonstrates the role of animation tech-
niques in HRI. In an ideal world, in order to understand our
real-world interactions with robots, we should design studies
in which humans share the same physical space with robots
and interact with each other. However, this is not always pos-
sible for practical reasons. The easiest alternative is to use
depictions of real robots such as images, as it is traditionally
done in psychological and cognitive science research. The
problem with that approach is that (1) participants may not
be satisfied by the interaction with a robot in a virtual form as
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Fig. 11 The regression analysis shows that SGNS predicts scores for society-view feminine actions: when people’s SGNS score is high, they
attribute less femininity. SGNS did not predict society-view masculine action scores

compared to a physically embodied robot [42], (2) the con-
tent of the images is constrained by the capabilities of the
real robot that is depicted, i.e., by the current technology we
have. On the other hand, in HRI, we aim to predict the future
and guide the design of future robots that can be used effec-
tively in human life. Therefore, it is important to be able to
create scenarios that are physically not feasible now but can
be imagined and studied. To this end, animation techniques
provide great opportunities to create interactive content and
manipulate context and character,which allowsus to envision
robots as part of specific social and cultural contexts while
they interact with humans and measure human responses to
such scenarios [3, 31]. Although the physical embodiment
emphasized by Wainer et al. [42] may not be fully attained
with animations, the way a robot is embedded in a real-life
context, as we did in the present study, may provide a vivid
interaction experience [28] and help with prototyping in the
design of robots and reduce costs.

Our study has important implications for robot design. It
seems like the appearance of the robots is not the only fac-
tor that will determine how they will be evaluated by the
people who will interact with them. Their behavior and the
kind of activities they perform are at least as important as
their appearance. The fact that they could be assigned gen-
der in line with the culturally gendered actions suggests that,
as humans, we project our gender schemas to non-biological
agents, which in turnmay have implications for howwe inter-
act with them. For instance, if a person discriminates against
females in their human–human interactions, they may tend
to discriminate and even dehumanize those robots that show
feminine characteristics and may not have effective inter-
actions [23, 36]. In contrast, people may view the robot of
the opposite2 gender to be more engaging, as suggested by
Siegel et al. [33], and thus may have successful interactions.

2 Indication of cis-gender identity and sexual orientation (male-
female).

Furthermore, our study also implies that the same robot can
be evaluated differently in two different cultures (e.g., if they
differ in gender roles) and suggests that robots should be
customized according to the cultural norms of the society in
which they will be used.

6.2 Limitations and FutureWork

Our study has several limitations. First, the gender evalu-
ations were based on a specific robot used to animate the
actions. That robotwas carefully determinedwith a pre-study
that aimed to select a gender-neutral robot amongmany alter-
natives.All the other robot candidateswere found to behighly
feminine or masculine, so we ended up having one specific
robot that met our criteria. In order to test how generaliz-
able our results are, future studies could employ a variety
of robots that are all considered to be gender neutral. On a
related topic, a natural follow-up of this study can investigate
whether people could override their evaluations of a gendered
robot (instead of a gender-neutral robot) when it performs the
actions of the masculine look-feminine actions (vice versa).
For instance, one can test whether a male-looking robot is
evaluated as feminine if it does makeup or takes care of a
child. This would show how effective actions are in gender-
ing robots.

A second limitation of our study is that the robot stimuli
shown in the pre-study (Study 1) are static pictures of the
robot from three angles, whereas the robot in the main study
(Study 3) was moving. This raises the question of whether it
is the action in cultural terms or a specific posture of the robot
while performing the action that gives a clue about the gender
of the robot. While it is difficult to tease apart these two
possibilities in this experimental setting, it is unlikely that it is
a specificposture that implied a certain gender category, aswe
made a big effort to animate the robot as neutral as possible
and in the same way when they perform the different actions.
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Future studies can test this possibility by asking participants
to give justifications for their evaluations.

Another related limitation is that we used only visual
modality to present the robot animations. The animations
lack sound, which might have provided some cues about the
gender of the robot. For instance, the voice of the robot (into-
nation, stress, etc.) or even how they feel when you touch
them in an interactive scenario could be effective in gender-
ing robots. Thus, future studies could examine the evaluations
of robots in very rich multimodal environments and possibly
in interactive scenarios.

Another possible limitation of our study is that the results
(both self-viewand society-viewevaluations) could behighly
dependent on the background of the participants and the cul-
ture they are raised in. Different cultures (e.g., western vs.
eastern)may assigndifferent gender roles tomen andwomen,
which would, in turn, be projected on how they perceive
and interact with robots. Even the pre-study that identified
gendered action categories in the present study might have
revealed different action exemplars if it was conducted in a
different culture. Thus, future work could examine cross-
cultural differences in gendering robots and test to what
extent beliefs about gender roles in society could affect how
robots are evaluated. It is also important to note that the eval-
uations may also depend on whether the robot is of personal
use or will be used publicly. For instance, if the robot is used
publicly in a shared setting, people may have a tendency to
prioritize what society thinks and act accordingly.

One also needs to be cautious when interpreting self-
reports in HRI. Self-reports allow the researchers to measure
the explicit judgments of people in response to robots, but
they may not always reflect what they would do in real inter-
action. In other words, what people report and what they
do may be different from each other. For instance, in the
context of the present study, one might want to give the
impression that they do not discriminate against women and
assign stereotypical gender roles to them (e.g., cleaning), so
they might rate a cleaning robot quite low in the feminine
spectrum. However, they might behave differently in their
daily interaction with the robot. This calls for study designs
that resemble real-life situations and even measure behavior
implicitly.

A final limitation of our study was that it was conducted
online due to the ongoing COVID-19 pandemic, and there
might be variability in the platforms (computers, tablets,
mobile phones) the participants completed the task.Although
our task did not require participants to engage with the stim-
uli’s low-level visual properties while making their gender
judgments, the differences in size, viewing angle, or distance
may not be negligible and might have affected the results.
Future work should ideally test participants under the same
presentation conditions.
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29. Sakallı N, Türkoğlu B (2016) (PDF) Günümüz Türkiye’sinde
Cinsiyet Kalıpyargıları: Kadın kimdir? Erkek kimdir? Retrieved
March 15, 2021, from https://www.researchgate.net/publication/
310954437_Gunumuz_Turkiye’sinde_Cinsiyet_Kalipyargilari_
Kadin_kimdir_Erkek_kimdir

30. Sandygulova A, O’Hare GM (2018) Age-and gender-based differ-
ences in children’s interactions with a gender-matching robot. Int
J Soc Robot 10(5):687–700

31. Schulz T, Torresen J, Herstad J (2019) Animation techniques in
human-robot interaction user studies. ACM Trans Human-Robot
Interaction 8(2):1–22. https://doi.org/10.1145/3317325

32. Shoemaker PJ, Tankard Jr. JW, LasorsaDL (2004) Theoretical con-
cepts: The building blocks of theory. How to Build Social Science
Theories, 15–36. https://doi.org/10.4135/9781412990110.n2

33. Siegel M, Breazeal C, Norton MI (2009) Persuasive robotics: the
influence of robot gender onhumanbehavior. 2009 IEEE/RSJ Inter-
national Conference on Intelligent Robots and Systems. https://doi.
org/10.1109/iros.2009.5354116

34. Strait M, Briggs P, Scheutz M (2015) Gender, more so than age,
modulates positive perceptions of language-based human-robot
interactions. In: Salem

35. Stets JE, Burke PJ (2000) Femininity/Masculinity. In: Borgatta
EF, Montgomery RJV (eds) Encyclopedia of Sociology, Revised.
Macmillan, New York, pp 997–1005

36. Strait M, Ramos AS, Contreras V, Garcia N (2018) Robots racial-
ized in the likeness of marginalized social identities are subject to
greater dehumanization than those racialized as white. 2018 27th
IEEE International Symposium on Robot and Human Interactive
Communication (RO-MAN). https://doi.org/10.1109/roman.2018.
8525610

37. Tabachnick BG, Fidell LS (2018) Using multivariate statistics (7th
ed.). Pearson.

38. Tajfel H, Turner JC (1979) An integrative theory of intergroup
conflict. In: Austin WG,Worchel S (eds) The social psychology of
intergroup relations. Brooks/Cole, pp 33–37

39. Tay B, Jung Y, Park T (2014) When stereotypes meet robots: the
double-edge sword of robot gender and personality in human-robot
interaction. Comput Human Behav 38:75–84. https://doi.org/10.
1016/j.chb.2014.05.014

40. Tay B, Park T, Jung Y, Tan Y, Wong A (2013) When stereo-
types meet robots: the effect of gender stereotypes on peo-
ple’s acceptance of a security robot. Retrieved December 15,
2020, from https://link.springer.com/chapter/https://doi.org/10.
1007/978-3-642-39360-0_29

41. TrovatoG,LuchoC, ParedesR (2018) She’s electric—the influence
of body proportions on perceived gender of robots across cultures.
Robotics. https://doi.org/10.3390/robotics7030050

42. Wainer J, Feil-Seifer DJ, Shell DA, Mataric MJ (2006). The role
of physical embodiment in human-robot interaction. In ROMAN
2006-The 15th IEEE International Symposium on Robot and
Human Interactive Communication (pp. 117–122). IEEE

43. WestC,ZimmermanDH(1987).DoingGender - JSTOR.Retrieved
January 12, 2021, from https://www.jstor.org/stable/189945

44. Young IM (1980) Throwing like a girl: a phenomenology of
feminine body comportment motility and spatiality. Hum Stud
3(1):137–156. https://doi.org/10.1007/bf02331805

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such
publishing agreement and applicable law.
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