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Abstract
Social robots are increasingly being used to encourage social, emotional and cognitive growth in children. However, in order to
establish social and bonding interactions, social robots need to be able to exhibit adaptive strategies to keep children engaged
and interested. Adaptive strategies of a social robot based on children’s age and gender are motivated by the comprehensive
theory on gender development. Given the strong influence of gender in children’s cognitive development, the experiment first
examined the responses of 107 children, ages 5–12, whether synthesized voice evokes gender associations in children. The
results suggest that young children (ages 5–8) are not able to successfully attribute gender to the robot in correspondence
with the synthesized voice. In addition, we explicitly investigated children’s preferences for the robot’s gender, and the results
were contrary to our expectations: young children indicated their preference for a robot with a matching gender while there
was no difference in preferences for a robot’s gender by older children (ages 9–12).

Keywords Child–robot interaction · Human–robot interaction · Social robotics · Adaptive strategies · Gender · Age

1 Introduction

Human–Robot Interaction (HRI) is no longer the exclusive
preserve of adults. Research and commercial robots have
infiltrated homes, hospitals and schools, becoming attrac-
tive and proving impactful for childrens healthcare, therapy,
education, entertainment and other applications. As a result,
within thefield ofHRI, a particular sector has emerged,which
addresses research and practice of interaction between robots
and children—Child–Robot Interaction (cHRI). According
to Belpaeme et al. [5], cHRI creates entirely different con-
ditions for human–robot interaction to operate within since
children’s neurophysical, physical and mental developments
are ongoing. Accordingly, a number of recent large-scale
interdisciplinary projects, such as CoWriter [20], ALIZ-E
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[6] and L2TOR [7] have explored child-centered research
with the mission to enable the design, implementation, and
evaluation of robots that encourage social, emotional, and
cognitive growth in children, including those with social or
cognitive deficits.

Since the value provided by social robots can only be
obtained if the child actually spends time interacting with
it, motivating a child to stay engaged is an important interac-
tion design challenge. One possible means is a hypothesis of
gender segregation [57]—the separation of boys and girls
into same-gender groups in their friendships and casual
encounters [33]—shows potential for attracting motivation
and engagement with social robots. Indeed, gender segrega-
tion has been referred to as one of the most persistent and
reliable of developmental phenomena [42]. And indeed, chil-
dren tend to pretend play [25] and anthropomorphize [18],
and as a result robots are readily treated as being alive and
having “beliefs, desires and intentions” [5,39].

Gender effects have been found throughout HRI studies
whether researchers are explicitly looking for them [14,55]
or not [28,34,54]. Prior cHRI initiatives have identified that
male and female children tend to engage with robotic tech-
nologies differently [16,22,23,27,46]. At the same time,
children demonstrate similarity preferences for computer-
based animated agents and human-like robots, their age and
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gender [36,52]. Literature in cHRI exhibits a gap on how
children perceive and interact with a gendered robot across
age and gender groups. This paper addresses this voidwith an
explicit research on age-related gender effects in the context
of child–robot interaction.

Although gender discrimination is commonly studied and
discussed in the adult psychological literature [15], research
on children’s same-gender peer preferences, evaluations, and
interactions are rarely framed in terms of discrimination [57].
While gender differences along a variety of dimensions have
been successfully elicited by both on-screen agents [29,36]
and robots for adult users [14,37,49], the impact of age-
related gender effects [48] has not been addressed in cHRI.
As this research aims to undertake an analysis of whether
boys and girls retain gender segregation with a gendered
robot, this work also investigates whether synthesized voice
evokes gender associations in children.

Findings from previous work [45] and a preliminary study
[43] strengthen the hypothesis that children would prefer to
interact with a robot of a matching gender. However, with
the experiment presented in this paper we aim to explore
age- and gender-based differences in children’s opinion and
engagement when playing with a robot of a matching gender.

2 RelatedWork

2.1 Gender Similarity Attraction in HCI and HRI

According to similarity attraction theory [29], people tend
to exhibit similar gender favoritism in their daily life social
interactions [17]. Nass et al. report the desirability of same-
gender interactions within Human–Computer Interaction
(HCI) [35,40].

When examining responses of 80 fifth-grade elementary
school children to computer-synthesized speech in educa-
tional media in an experiment by Lee et al. [29], results show
that children apply gender-based social rules to synthesized
speech. More specifically, children evaluate more positively,
trust the speech more, and learn more effectively when a
voice’s gender matches either content gender and/or chil-
dren’s own gender.

Another study by Ozogul et al. [36] investigated whether
middle-school learners (11–13 years old), when given a
choice of animated pedagogical agent, will select a young
agent that matches their gender. The findings supports the
similarity attraction hypothesis with significant preference
(p < 0.001) in children’s choice for the computer-based
animated agent that matched their age and gender.

Past HRI findings highlight the importance to explore the
relation between adult’s gender and perceived robot gender
in human–robot interaction [11,14,47]. An investigation of
the perceptions of a gendered humanoid robot [37] found

that male and female participants treat and interact with the
robot differently according to its gender, similar to a human-
human communication. Persuasiveness of the robot’s gender
was explored by Siegel et al. [49] concluding that adults
were more often persuaded by a robot of the opposite gen-
der to make a donation. The above findings highlight the
importance of exploring the relation between subject gender
and perceived robot gender in child–robot interaction.Woods
[55] indicated the importance of gender in structuring even
small details of human–robot interactions such as specific
physical characteristics of robotic models, such as color and
shape.

2.2 Age- and Gender-Based Differences in cHRI

In 2004,Kanda et al. [23] performedafield trial evaluation for
twoweeks (9 school days)with two age groups of elementary
school Japanese students, 119 children aged 6–7 years old
and 109 children aged 11–12 years old, and two English-
speaking interactive humanoid robots (Robovie) behaving as
peer English tutors. The study revealed that children of the
younger age group spent more time interactingwith the robot
than older children did, and the robot sustained their interest
longer. Unfortunately, authors do not comment on whether
there were any gender differences in interactions with the
robot.

In a studybyKennedyet al. [26],who investigatedwhether
the social strategy of the robot tutor has an impact on learning
with 45 children aged 7–8 years old. Findings were unex-
pected since children’s learning improved after interacting
with a non-social robot in contrast to a more social robot.
Authors suggest that itmight be due to the distractions caused
by the social behaviors of the robot on child’s concentration.
There were also interesting gender differences found: girls
improved significantly more with the physical robot present
while boys barely improved in this condition.

An observational HRI study was conducted at the science
museum in 2002 with a small wheeled teleoperated robot
Sparky that had an expressive face [46]. The authors found
interesting age and gender groups differences. Young chil-
dren (4–7) tended to be very energetic andgenerally very kind
to it regardless of gender. Older children (7 to early teens)
had different interaction patterns depending on gender. Older
boys were usually aggressive: they pushed it backwards and
engaged in verbal abuse. Older girls were generally gentle
with the robot: they often touched it, and were, on occasion,
protective of the robot.

In 2014, Fink et al. [16] performed a field trial evalua-
tion of the mobile robot “Ranger”—a robotic toy box that
aims to motivate young children to tidy up their room. The
authors found that younger children (3–6 years) gained the
most benefit from using Ranger. They were more fascinated
by the audio and light cues than older children (7–10 years).
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There were also interesting qualitative gender differences.
Boysmistreated and gestured toward Rangermore often than
girls, who petted the robot slightly more often than boys.

Sandygulova andO’Hare [45] conducted an observational
study with the NAO robot at the children’s museum with 74
children aged 3–9 year old aiming to explicitly investigate
whether children would spend more time playing with the
same-sex robot. The results support this hypothesis confirm-
ing that children of this age group demonstrate preferences
for a gender-matching robot in their free play.

This section presented related work that addresses the role
of gender in cHRI. This topic is often controversially dis-
cussed, with opinions ranging from accommodating cHRI by
using same-gendered robots to using robots to change gender
stereotypes and gender-based social roles in early education.
According to the review of the child psychological litera-
ture on gender development by Zosuls et al. [57], research
on children’s same-gender peer preferences, evaluations, and
interactions are rarely framed in terms of discrimination, and
is valuable to prevent acts of discrimination among chil-
dren. Likewise, research on children’s same-gender robot
preferences, interactions, and evaluations is required for
better understanding the dynamics of child–robot interac-
tions and for designing strategies to prevent discrimination
(for example, using only male robot) and address gender-
based stereotypes in child’s environments. This paper aims to
address this issue by explicitly investigating children’s pref-
erences, interactions, and evaluations of a gendered robot.

3 Robotic Platform

This research makes use of the NAO humanoid robot cre-
ated by Aldebaran Robotics as a common development and
evaluation platform. This robot platform has been used in a
number of recent European projects such as CoWriter [20]
and L2TOR [7]. Using such a shared platform facilitates the
exchange of code and the transfer of results. The NAO is a
small humanoid robot, measuring 58cm in height, weighing
4.3kg and having 25 degrees of freedom. The NAO has a
generally friendly and non-threatening appearance, which is
therefore particularly well suited for studies involving chil-
dren [6].

NAO’s default voice (Operating System version 1.x) is an
artificial child male voice, namely Kenny. However, artifi-
cial voices are often difficult to understand [51], to express
meaning and intent and to relate to. In contrast, synthesized
speech is a simulated speech created by concatenating pieces
of prerecorded human narrator’s speech that are stored in a
database. In fact, synthesized speech has already achieved an
intelligibility level comparable to real human speech [29].

Aldebaran Robotics states that NAO and other company’s
robots are gender-neutral i.e. have no gender [50]. How-

ever, the company refers to NAO as “him” on its website.
In contrary, Belgian company Zorabots [58] designed the
Zora software running on a NAO robot to have a personality
and behaviours of an 8-year-old girl. Zora has been adopted
by nearly 200 robots and deployed to nursing homes and
children’s rehabilitation centers in Europe andUSA. InAlde-
baran Robotics’ press release [50], it states that people tend
to assign a varying gender to NAO, depending on individual
perceptions and cultural differences.

The colour of our NAO robot is orange, which is catego-
rized as gender-neutral in the research of colour and toys [3].
Therefore, the assignment of the robot’s gender is decided to
be manipulated with a gendered voice rather then modifying
its appearance.

4 Research Questions and Hypotheses

Developmental research on gender [32] suggests that as early
as preschool, children report feeling more positively about
their own gender [56], and differential liking is also seen
among older children [19,53]. However, findings are mixed
regarding age trends: for example, Egan and Perry [12] and
Powlishta et al. [38] suggest that intergroup biases decline in
primary school while Yee and Brown [56] do not show the
decline in liking the in-group better, at least not until early
adolescence [53].

These findings in the research on gender development fuel
the following hypotheses:

– H1 Synthesized gendered voice evokes gender and age
associations in social robots.

– H2 A match between perceived robot gender and par-
ticipant’s gender will have a positive effect on social
interaction with the robot.

– H3 Young children (approximately 5–8 years) will tend
to like the interaction with robots with voices of the same
gender better.

– H4 There will be no difference in preferences for robots
with male and female voices by older children (approxi-
mately 9–12 years).

– H5 There will be Age×Gender interaction effect (e.g. it
might turn out that younger/older girls and younger/older
boys both significantly prefer a robot with a particular
gendered voice).

5 Method

The experiment was conducted over a three-week period
and involved three meetings with a robot (i.e. one meet-
ing once a week) for each child participant. All participants
were assigned to a condition in a 2 (age group)×2 (child
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Table 1 Breakdown of participants by age and gender

Grade level Age (y.o.) Gender Group total

F M

Senior infants 5 1 1 27

6 12 13

Year 2 7 2 2 22

8 8 10

Year 4 9 3 3 22

10 7 9

Year 5 11 12 13 36

Year 6 12 6 5

Total 107

gender)×2 (robot voice gender) mixed-subject design, with
age and child gender as between-subject variables and robot
voice gender as within-subject variable.

Each child interacted with a robot for approximately ten
minutes on three separate occasions one week apart. One
week, the robot had a female voice, another week the robot
had a male voice, and the final week the child got to choose
what voice the robot would have. A three-phase counterbal-
ancing method was implemented to reduce the chance of the
order influencing the results. Half of the children interacted
with the female voice first, the other half of the children inter-
acted with the male voice first. Half of the children interacted
with one version of the gamefirst (Shapes), another half of the
children interacted with the other version of the game first
(Animals). Counterbalancing was also applied in terms of
gender and year group, so that each condition has a balanced
number of boys and girls in every age group. Assignment to
each of the two gender conditions was otherwise random for
any particular child.

5.1 Participants

A sample of 107 children was recruited from local primary
school in the south Dublin area of the Republic of Ireland.
The children came from diverse racial and socio-economic
backgrounds and all were native or fluent English speakers.
Children belonged to four classes: 27 children were senior
infants, 22 students in year 2, 22 childrenwere fourth graders,
25 students in year 5 and 11 six-graders. Table 1 presents the
breakdown of participants by age and gender.

5.2 Ethics Statement

This research was approved by the University College
Dublin’s ethics committee for studies involving child par-
ticipants. Informed consent was obtained in writing from all
children and their parents, participating in the study. Sup-

porting information included Informed Consent Form for
Children, Informed Consent Form for Parents or Guardians,
InformationLeaflet, andQuestionnaires usedbefore and after
the experiment.

5.3 Scenario

The experiment was structured as an interactive game with
a stationary sitting NAO robot. A child was instructed to
sit in a chair at the table facing the robot (see Fig. 1). The
second experimenter controlled the launch of each session
through an iPhone application. This made the robot seem
fully autonomous. As the child sat at the table, the NAO
woke up and greeted the child.

5.3.1 First TwoMeetings: Shapes/Animals Game

Therewere large cards lying on the tablewith printed pictures
in between the robot and the child. As the robot asked for
a particular card, the child had to find that picture among
available cards and show it to the robot. The robot would
check if the card was correct, and then would ask for another
one. The game would be stopped either by a child or after
five cards were tried. The robot would then summarize the
number of correctly shown cards and congratulate the child.

There were two versions of the card game: Shapes and
Animals. Only one version was played at one meeting with
the robot. The Shapes version had pictures of a moon, a tree,
a house, a star, a hand, a face, a heart, a puzzle, a butterfly
and a triangle. Furthermore, pictures of a dog, a cat, a cow,
a goat, a duck, a horse, a chicken, a sheep and a pig were in
the Animals version. The game logic, robot’s verbal and non-
verbal behaviours were otherwise exactly the same between
meetings.

The game was developed using robot’s text-to-speech,
face and image recognition engines. Throughout the game,
the robot performed a series of relevant emotions of happi-
ness, approval or sadness with the use of arm gestures and
headmovements. In addition, the robot expressed non-verbal
social cues such as acknowledging child presence with eye
contact and deictic gestures.

Each child was asked for a different set of five pictures as
they were selected randomly by the game logic. An example
of the robot’s speech:

R: Hi! I am so glad to see you. I am a robot and my name
is NAO. We are going to play a game with you. That’s
so exciting. Let’s begin? (Pause). Now, please show me
a butterfly [random shape or animal].

C: (child picks up and shows a particular card to the robot)
R: Yes. That is a butterfly! What’s about showing me a puz-

zle [random shape or animal]?
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Fig. 1 Children are playing
Shapes (left) and Animals
(right) card interactive games
with the NAO robot

C: (child picks up and shows a particular card to the robot)
R: Of course, that is a puzzle.Now, please showmea triangle

[random shape or animal]!
C: (child picks up and shows a particular card to the robot)
R: Yes, that is a triangle! What about showing me a moon

[random shape or animal]?
C: (child picks up and shows a particular card to the robot)
R: Good! That is a moon! Great! That was the last one! You

made no mistakes. I could not do it better myself. It’s
been great playing with you. Thank you. See you next
time!

5.3.2 Final Interaction Session: Stories

For the final meeting, NAO performed a story of a child’s
choice: “Three Musketeers” or “Monkey King”. In addi-
tion to choosing a story, children were asked to choose the
robot from the first or second meeting. They were also asked
whether they prefer the robot to be a boy or girl.

5.4 Conditions

Voice was the only quality of the robot that was varied in the
assignment of the gender. The robot’s appearance was not
modified, norwas any aspect of the robot’s behavior. Accord-
ing to the findings from the previous study [44] on children’s
perceptions of synthesized voices, our robot’s speech utter-
ances were produced utilizing Acapella Group’s children
voices of English UK: Harry (male voice) and Rosie (female
voice). Acapella Group [1] provides text-to-speech solutions
to vocalize speech with authentic and original voices that
express meaning and intent. In addition, this text-to-speech
also provides the prosody of the human speech: a grammat-

ical and syntactic analysis enables the system to define how
to pronounce each word in order to reconstruct the sense.
As a result, these voices sound natural, express a particu-
lar accent and resemble the narrator’s personality [1]. The
Acapella Group toolkit was used to produce two versions of
the speech utterances for each scenario.

5.5 Measures

Data were collected from both self-reported questionnaires
and a camera that recorded the interactions.
Questionnaire

In order to choose the pictorial representations of scales,
several versions of pictorial Likert scales were explored. In
the end, our questionnaire utilized 5-Likert Smileyometer
scale (Fig. 2 top) and the 5-Likert Self-Assessment Manikin
(SAM) (Fig. 2 bottom) since both of these scales use 5 points
and one of them is reversed to account for the primacy effect
[4]. What is more, both of these scales have been previously
used in the literature of cHRI to assess social robots specifi-
cally with children [6,30].

Similar to Belpaeme et al. [6], we included two questions
to compare the robot to force-choice descriptors and to com-
pare the perception of the robot as a social actor (see Social
Pie Chart [6], Fig. 3).

The questions were approved by the child psychologist.
Older children were self-reporting their perception of the
robot, whereas younger children were assisted by the first
researcher. In the end, the pictorial questionnaires were kept
short and simple in order not to overwhelm the children.
Automatic Emotion Analysis

In order to increase the robustness of the results in eval-
uating children’s attitude toward the interaction experience,
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Fig. 2 Smileyometer (top) and
Self-Assessment Manikin
(SAM) (bottom)

Fig. 3 Social pie chart

there was a camera placed in front of the child capturing
facial expressions for real-time emotion analysis.

When compared to other face-based emotion recogni-
tion solutions, Sophisticated High-speed Object Recognition
Engine (SHORE) [13] is reported to provide the best perfor-
mance [2,24]. This package gives the intensity values of the
following emotional states: happiness, sadness, surprise and
anger. According to Alonso et al. [2], SHORE has 100%
success rate for recognizing happiness.

For the purposes of this experiment, we only accounted
for the expressed happiness of the participants for the first
ten seconds of interaction i.e. greeting, introduction and
invitation to play the game. This was to ensure that this mea-
surement is not affected by the game flow. The intensity score
of the expressedHappiness [0–100] is recorded every second
over the first ten seconds to calculate the average score of the
expressed happiness for each participant.We also counted the
number of smiles during these ten seconds, which is reported

as Percentage of Smiling. However, in addition to SHORE’s
data, first ten seconds of all interactions were also manually
video coded by the researcher.

In summary, as a result of careful consideration of ques-
tionnaire scales and emotion analysis tools, the following
measures were utilized in this study:

– Perceived robot gender
– Perceived robot age group
– Gender of child’s most good friends
– Pre-and post-mood: change in mood measured by the
SAM (Fig. 2 bottom) and the Smileyometer (Fig. 2 top).

– Valence: mean of ratings of Enjoyment and child’s stress-
fulness (Feeling) when playing with the robot (5-Likert
pictorial scale)

– Likeability: mean of ratings of robot’s perceived Friend-
liness and Kindness (5-Likert pictorial scale)

– Robot type: the robot is compared to forced-choice
descriptors [6]

– Social actor: perception of the robot as a social actor (see
Social Pie Chart [6], Fig. 3)

– Happiness: average score of the expressed happiness [0-
100] during first ten seconds of interaction

– Percentage of smiling: number of smiles multiplied by
10 during first ten seconds of interaction

– Preference for the robot’s gender: child’s preference for
the robot to be a boy or a girl

– Preference for the robot: child’s choice for the robot from
the first or second meeting

5.6 Experimental Setup

The experiment took place in a large empty room of the par-
ticipating primary school,which is usually used for children’s
play. The interactions with the robots were in the main cen-
tral area of the room at the large table. A web camera was
behind the robot to the left recording the front of the chil-
dren to enable the capture of facial expressions. The robot’s
movements involved moving its arms and head, otherwise it
was always stationary sitting. Cards were placed on a table
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in between the robot and a child necessary for the game.
There was a table with questionnaires across the room from
the entry door with two chairs, for the first researcher and
the child participant. As a consequence of school policy it
was necessary that a second adult be present in the room.
Thus, the second researcher was sitting in the left corner
of the room and was responsible for the timely launch of
the robot’s behaviour via a smartphone application, but was
as non-reactive as possible in order to avoid interferences
with the experiment. Experimental setup and room layout
are illustrated in Figs. 1 and 4.

5.7 Procedure

Children were given a brief group introduction to the NAO
robot at the school before the experiment commenced. In
this introductory session children learned about the robot
and the purpose of the study (investigate child–robot inter-
action). It was emphasized that they wouldn’t be assessed
or graded on what they did or said and that there were no
right or wrong answers. That was explained because children
should not be worried or distressed about the experiment [9].
It was to ensure that all the children had the background of the
robot prior to the experiment, as having varying beliefs could
affect the results [9]. In that introduction, it was explained
that they would be expected to spend about ten minutes inter-
acting with the robot and to answer a few questions of what
they think of the robot on three separate occasions over three
weeks.

At each of the three experimental meetings, each child
participant was called out of the class and walked with the
first researcher for approximately two-three minutes to the
room with experimental setup (Fig. 4). While walking with
the child, the researcher started with an icebreaker warm-
up talk necessary to relax and engage the child. Cindy Dell
Clark (2011) [9] in her book on doing child-centered qual-
itative research, “In a Younger Voice”, suggests that it is
a good idea to start by getting to know each other’s name,

Fig. 4 Room setup

child’s age,whether they have any siblings and the young per-
son’s birth order. “Tell me what it’s like to be (the oldest/the
youngest/the middle/the only one).” “Do you like being the
oldest/the youngest/themiddle/the only one?”Children often
have a lot to say about the privileges andproblemsof their sib-
ling position [9]. A lot of children had their siblings studying
in the same school, whowere also involved in this experiment
so they were happy to share their stories with the researcher.

Upon entering the room, children were invited to take a
seat at the table with questionnaires and answer a few ques-
tions about their age, gender andmood prior to the interaction
with the robot. After the first questionnaire was filled in, chil-
drenwere invited to sit at the tablewith cards facing the robot.
After the interaction, children were asked to fill in the sec-
ond questionnaire. In the end, the first researcher brought the
child back to the class and called out the next participant.

After the experiment had taken place, the children were
given adebrief as a class to explain how theNAOrobotworks,
presented with some demonstrations and given opportunity
to ask questions.

5.8 Results

The first part of this section reports the results of the con-
ductedmanipulation checks. It is followed by the report of the
results from the first robot encounter i.e. the data is analyzed
with between-subject statistical tests. The second encounter
results are not detailed here since the majority of younger
children did not perceive the Rosie voice as female. These
findings are discussed in detail in the next subsection. The
last part of this section reports on children’s choices for the
robot gender.

5.8.1 Manipulation Check

Perceived Robot Age Group

First it was assessed, whether the perceived robot age group
corresponded with the intended robot age group. Most par-
ticipants (N=63) believed the robot to belong to the primary
school age group (58.9%). Of these 63 participants, 20 were
in age group 1 (5–8 years old children), while 43 were in age
group 2 (9–12 years old children). 11.2% (N=12) thought
the robot was a secondary school child, 12.1% (N=13)
thought the robot was an adult and 9.3% (N=10) were
unsure. It should be noted that of those who believed the
robot to be an adult, all but one belonged to a younger age
group (N=12), suggesting that children at that young age
might be less likely to attribute robot age to voice character-
istics.

Perceived Robot Gender

Then it was assessed, whether the perceived robot gender
corresponded with the intended robot gender. The data from
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Fig. 5 a Overall robot gender classification based on voice. b Robot gender classification by younger children. Rosie was classified as male by the
majority of young children. c Robot gender classification by older children

Fig. 5a show that when the robot used Rosie’s voice, 21
participants classified it correctly as female, while 28 partic-
ipants believed it to be male. In contrast, when the robot used
Harry’s voice, only one participant believed it to be female,
whereas 35 identified it correctly as male. In both cases, 7
participants were unsure. Hence, approximately two thirds of
participants believed that they interacted with a male robot
(63 out of 99, excluding 8 incomplete data sets). Male and
female children were approximately equally likely to iden-
tify the robot as male (x2(1, N = 107) = 3.31, p = 0.069).
However, there was a distinct difference as determined by
Pearson’s Chi-square test in how younger and older children
were able to identify the gender of the robot: x2(1, N =
107) = 8.89, p = 0.003. Robot gender classification by two
age groups, younger children and older children, is presented
in Fig. 5b, c respectively. Rosie was perceived to be male by
the majority of young children, while fewer than half of the
older children classified it incorrectly.

Also, the responses of children’s perception of gender
were analyzed after the second encounter with the robot.
Again, the robot’s gender was perceived in accordance with
robot’s gendered voice by 56 participants. Similarly, boys
and girls were equally likely to pass the manipulation check
(x2(1, N = 91) = 0.054, p = 0.82). Once again, there
was a statistical significant difference between age groups
(x2(1, N = 91) = 7.08, p = 0.008). 24 younger children
and 32 older children perceived the robot’s gender in accor-
dance with a gendered voice.

Lastly, the final manipulation check included combining
the data of those participants who correctly perceived the
robot gender after both robot encounters i.e. the robot was
perceived to bemalewhen the robot spokewithHarry’s voice
and it was perceived to be female when the robot spoke with
Rosie’s voice. There were 23 participants (10 female and 13
male) that satisfied this finalmanipulation check.Again, girls

and boys did not have a significant difference in their ability
to evoke gender association (x2(1, N = 96) = 0.625, p =
0.63). However, there was a statistically significant differ-
ence in this ability between younger and older age groups:
(x2(1, N = 96) = 14.59, p < 0.001). In the end, there were
4 participants in the younger age group and 19 participants
in the older age group who passed both manipulation checks.

Gender of Participants’ Friends

We performed Chi-square test for independence in order
to assess children’s responses about the gender of their
best friends. We wanted to see if there is an association
between the child’s gender and the reported friend’s gender.
Pearson Chi-square value indicates a significant associa-
tion between the child’s gender and their friend’s gender,
x2(2, N = 100) = 67.77, p < 0.001, φ = 0.823.

5.8.2 Independent samples analysis from the first robot
encounter

First it should be noted that we excluded the data of the par-
ticipants that failed manipulation checks (i.e. robot gender
was not perceived as expected) from further statistical anal-
ysis. Thus, this section reports the results of 55 children:
22 girls and 33 boys. Secondly, all remaining participants
were classified as “same-gender” when their own gender
matched with the perceived robot gender, and “opposite-
gender”, when the children believed they interacted with
a robot of the opposite sex. Overall, 34 participants were
classified as “same-gender”, with 21 classified as “opposite
gender” for the between-subjects statistical tests on the data
from the first robot encounter. Similarly, all remaining par-
ticipants were classified into two age groups based on their
grade year: younger children (senior infants and 1st year stu-
dents) and older children (2nd year, 3rd year and 4th year
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students). Manipulation check was passed by 18 younger
and 37 older children.

Tests of Normality Within Groups

A series of Kolmogorov–Smirnov (K–S) and Shapiro–Wilk
tests was conducted on all dependent variables overall and
within groups (i.e. gender, age group, robot gender, and robot
condition) to check the assumption of normality. All scores
were significantly non-normal at 0.001 level. Consequently,
non-parametric testswere used for the statistical data analysis
presented in the next sections. It should be noted that over-
all Average Expressed Happiness scores were significantly
non-normal. However, when normality was analyzed on each
category separately, the scores did not deviate significantly
from normal (p > 0.05).

Pre-and Post-mood

First it was tested, whether the two mood measures (Smi-
leyometer and reversed SAM) correlated significantly. A
bivariate Spearman’s rank-order correlation for ordinal data
showed a small, non-significant correlation between the
two pre-intervention measures (r=0.17, p = 0.21) and
between the two post-intervention measures (r=0.03, p =
0.81) for the first encounter. For the second encounter, the
items correlated more strongly, with medium-sized signifi-
cant correlations for the pre-intervention measures (r=0.31,
p = 0.03) and the post-inter-vention measures (r=0.45,
p = 0.002). Overall, the results indicate that the two mood
measures assessed different aspects of mood and thus con-
stituted two independent measures.

Then, a series of independent-samples Mann–Whitney U
tests was conducted to separately compare Mood Change
and Mood Change 2 rates between groups. Firstly, Mann–
Whitney U comparisons showed no significant effect on
participants’ ratings between same-gender and opposite-
gender groups (Hypothesis 2). Secondly, the difference in
ratings between age groupswas not significant. Thirdly, there
was no statistically significant difference between boys’ and
girls’ ratings of mood changes. Finally, the difference in rat-
ings between perceived robot gender was not significant.

In order to test Hypotheses 3 and 4, Age×Gender Match-
ing effect was explored with independent-samples Mann–
Whitney U tests for younger and older children. Change
in mood measured by SAM did not differ significantly
between gender matching conditions, U=19.00, z=−1.10,
p = 0.38, r=−0.26, for younger age group. However,
change in older children’s ratings of mood before and after
the interactionwas significantly lower in the opposite-gender
condition (M = -0.24 (decreased by 0.24)± 0.66) compared
to children who interacted with the robot that matched their
gender (M = 0.55 (increased by 0.55) ± 1.43), U=236.00,
z=2.15, p = 0.045, r=−0.35.

In order to test Hypothesis 5, Age×Gender and Age×
Robot Gender effects were explored with separate
independent-samples Mann–Whitney U tests for younger
and older children. However, we did not find significant dif-
ferences in mood ratings before and after the interaction
between younger boys and girls and older boys and girls
as well as between female and male robots for younger and
older age groups.

Valence

Firstly, Enjoyment variable was reversed. There was one out-
lier case that was not included in the analysis. Secondly,
Cronbach’s alpha showed poor (0.18) internal consistency
of children’s ratings of their Enjoyment and Feeling. Conse-
quently, thesemeasures were analyzed as separate dependent
variables.

Then, the same procedure of statistical analysis was con-
ducted for the ratings of Enjoyment and Feeling to test
Hypotheses 2–5. However, these ratings did not show sig-
nificant interaction between independent variables retaining
null hypotheses.

Likeability

The questionnaire results of children’s ratings of the robot’s
Friendliness and Kindness showed poor internal consis-
tency with Cronbach’s alpha score 0.58 for all participants.
Therefore, these resultswere consideredwithin separate eval-
uations. A series of Mann–Whitney tests was conducted to
examine the effect of gender matching, gender and age group
on children’s ratings of Friendliness and Kindness. We did
not find any statistical significance in interactions between
groups for these measurements retaining null hypotheses.

Robot Description

A series of Pearson Chi-square tests for independence was
conducted in order to assess children’s choices for the Robot
Type and Social Actor questions. However, we did not find
any statistical significant differences in children’s responses
for these questions between robot conditions, gender or age
groups.

There was a significant association between age groups
andwhat children replied for theSocial Actormultiple choice
question: x2(1, N = 54) = 16.97, p = 0.004. Only 35.3%
of younger children compared the robot to a friend while
75.7% of older children made this comparison. The rest of
the answers for younger children were as follows (sorted
in descending order): brother or sister (17.6%), stranger
(17.6%), classmate (11.8%), cousin or other relative (11.8%),
teacher (5.9%). Older children compared the robot to brother
or sister (10.8%), parent (5.4%), teacher (5.4%), and relative
(2.7%). Interestingly, younger children did not compare the
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robot to a parent while older children never compared the
robot to a stranger or classmate.

There were non-significant differences in responses
between boys and girls aswell as between perceivedmale and
female robots. Robot Typemeasure did not evoke significant
differences between groups.

Percentage of Smiling

A series of independent-samplesMann–WhitneyU tests was
conducted to comparePercentage of Smilingbetweengroups.
We found a statistically significant difference between per-
ceived robot gender: U=219.00, z=−2.00, p = 0.045,
r=−0.28. The mean values indicate a tendency for children
to smile more during the interaction with a robot that they
perceived to be female (M=81.5± 35.73) in comparison to
male robot (M = 74.68 ± 26.15). However, the difference
in smiling was not significant between age groups as well as
between boys and girls. Finally, Hypothesis 2 was not sup-
ported either i.e. child’s age had no effect on smiling at the
robot.

In order to test Hypotheses 3–5, Age× Gender Matching,
Age× Gender and Age× Robot Gender effects were ana-
lyzed with independent-samples Mann–Whitney U tests for
individual groups. However, the differences in smiling were
not significant retaining null hypotheses.

Average Expressed Happiness

A series of one-way ANOVA tests was conducted to deter-
mine if there was any statistical significant difference in
Expressed Happiness behavioral data between groups. The
difference between same-gender and opposite-gender was
not significant. Significance between age and gender groups
was not found. Levene’s tests were non-significant, thus
indicating that the assumption of variance equality was not
violated.

To test our Hypothesis 3, a two-way ANOVA test was
conducted which examined the effect of Age × Gender-
matching Interaction. The interaction between the effects
of age and gender matching was statistically significant,
F(1, 45) = 4.64, p = 0.037. There was a statistically sig-
nificant interaction found for younger children: (F(1, 14) =
6.06), p = 0.027) between opposite-gender (73.00± 19.82)
and same-gender (40.08 ± 23.98) groups. In contrast, older
children had a non-significant differences in Happiness
between same-gender (40.89 ± 26.97) and opposite-gender
(34.07±31.32) conditions.

5.8.3 Preference for the Robot’s Gender

Finally, a series of Pearson Chi-square test for independence
was performed in order to analyze children’s responses when
asked “Would you prefer the robot to be a boy or a girl?”.

Children could reply with a particular gender or respond that
it does not matter. Firstly, we included all 107 children in
the analysis. There was a statistical significant difference in
children’s answers between boys and girls: x2(2, N = 91) =
27.97, p < 0.001. 42.9% (N=18) of female participants
said that they would prefer the robot to be a girl while 50.0%
(N = 21) of female respondents indicated that the gender
of the robot was not important. At the same time, 55.1%
(N = 27) of male participants said that they would prefer a
boy robot and 36.7% (N = 18) said that they do not have a
particular gender preference for the robot. The remaining 3
boys and 4 girls indicated that they would prefer the robot of
the opposite gender to them.

There was also a significant difference in children’s pref-
erences depending on age: x2(2, N = 91) = 30.65, p <

0.001.Agirl robot and a boy robotwere preferred by 36.7 and
46.9% of younger children respectively. A remaining 16.3%
replied that they did not mind either gender. In contrast,
73.8% of older children did not have a particular preference
for the robot’s gender. A boy robot and a girl robot were
selected by 16.7 and 9.5% of older children respectively.

In order to investigate Age and Gender effect, we con-
ducted separate Pearson Chi-square tests for younger and
older groups in order to explore an association between
the child’s gender and their choice for the robot’s gender.
Pearson Chi-square value indicates a significant association
between child’s gender for younger children: x2(2, N =
49) = 20.01, p < 0.001. 60.9% of younger girls and 76.9%
of younger boys indicated their preference for the same-
gendered robot i.e. a girl robot and a boy robot respectively.
13.0% of younger girls and 15.4% of younger boys replied
that they would prefer a boy or a girl robot respectively.
No particular gender preference was reported by 26.1% of
younger girls and 7.7% of younger boys.

When analyzing older children’s responses there was a
statistically significant difference between boys and girls as
indicated by Pearson Chi-square test: x2(2, N = 42) =
10.75, p = 0.005. 78.9% of older girls and 69.6% of older
boys reported that it did not matter to them. 21.1% of older
girls and 30.4% of older boys preferred the robot of the same
gender as them. Interestingly, none of the girls and none of
the boys indicated the preference for the robot of the opposite
gender.

5.9 Discussion

In this study, we addressed the role of age and gender on chil-
dren’s interactions with a social robot. Robot’s gender was
manipulated with the help of two synthesized child gendered
voices namelyRosie andHarry. This design ofmanipulations
was not successful in evoking gender and age associations
in younger children. In particular, the majority of younger
children (5–8 years old) perceived the robot as male. In con-
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trast, older children were able to successfully attribute age
and gender to the robot in correspondence with the synthe-
sized voice. These findings align themselves with the results
from the previous study [44]. Thus, these findings reject our
Hypothesis 1 for younger children and support Hypothesis 1
for older children i.e. synthesized voice evokes gender and
age associations in social robots for older children but not
for younger children.

Unfortunately, the design of robot gender manipulation
failed for young children since most of children in the
younger age group believed that they interacted with the
male robot. Consequently, we cannot generalize the results
from questionnaires and video coding analysis, thus we can’t
accept or reject Hypothesis 2 for younger children. As a
result, we only discuss the results for older children.

Hardly any significant effects were found with question-
naire data which suggests that gender matching is not really a
factor in the children’s rating of the human–robot interaction.
However, the results from the self-reported mood change
suggest that our Hypothesis 2 is supported for older chil-
dren. Older children reported their mood to be significantly
lower on average in the opposite-gender condition compared
to older children in the same-gender condition.

An important finding from behavioural data is the fact that
children reacted significantly more positively towards the
female robot—regardless of their own gender. This finding
supports our Hypothesis 2 for girls but not for boys suggest-
ing that Hypothesis 5 is true for older boys toward the female
robot. As stated earlier, more than 69% of boys reported that
the gender of the robot did not matter, however they smiled
significantly more towards the female than towards the male
robot.

The main measurement of this experiment—children’s
choice for the robot’s gender—concludes an important find-
ing that Hypothesis 3 is supported for younger children.
When asked for their preference for the gender of the robot
younger children preferred the robot of the same gender as
them (p < 0.001). It should be noted that the responses of all
49 children of this age group were included in the analysis.
This finding supports our Hypothesis 3: young girls and boys
(5–7 years old) prefer to interact with a social robot that is of
the same gender (60.9% of girls and 76.9% of boys). Inter-
estingly, younger girls were more flexible in their choice:
26.1% of girls would not mind the gender of the robot. In
fact, 13.0% of girls and 15.4% of boys had indicated their
preference towards the opposite gender of the robot.

Our Hypothesis 4 was also supported for older children:
a significant majority of older children, 78.9% of girls and
69.6% of boys, reported that the gender of the robot did not
matter to them.The remaining21.1%of older girls and30.4%
of older boys preferred the robot of the same gender as them.

The robot of the matching gender was compared to a
friend by the majority of children in both age groups when

asked to compare the robot to either a parent, a teacher,
a cousin, a stranger, and other social roles (Fig. 3). Simi-
larly, the majority of older children compared playing with
the robot to playing with a friend even in cases when the
robot’s and child’s gender did not match. According to Cook
[10], acceptance of cross-gender behavior and appearance
increases during middle primary school (around the age of
9) which supports the theory that older children were sig-
nificantly more likely to compare the robot of the opposite
gender to a friend. On the contrary, only 35.3% of younger
children compared the robot to a friend. They often com-
pared the robot to their sibling, stranger, classmate, relative,
or teacher. These results suggest that younger children were
significantly less likely to consider a robot of the opposite
gender as a friend since younger children are less likely to
have friends of the opposite gender, which is in line with the
trends in gender development known as gender segregation
[10,21,31], which rigidity starts to gradually decrease after
7–8 years of age.

5.10 Limitations

There are a few limitations of this experiment concerning
child–robot evaluation and its measurements that should be
discussed.

Firstly, it would help to measure pre-concept gender and
age attribution of the robot. Since the robot used in the study
has had an extensive media coverage in the last years, chil-
dren might have predetermined attribution based on previous
experiences. Thus, it would be useful to check whether this
attribution changes as they hear the voice of the robot. It
would also be useful to ask why children think the robot is
of a particular gender and age and whether it is due to the
robot’s appearance or voice. It would help to make clear con-
clusions about child–robot interaction similar to the theory
of doubly disembodied language (i.e. tendency to imagine
social characteristics of a speaker (e.g. age and gender) when
communicating with software agents or robots) [29] but for
young children.

Another limitation of our evaluationwas the perceived age
of the robot. It would be useful if children stated the exact
age of the robot as a continuous variable instead of their
perception of the age group. It would allow us to measure
whether they think the robot is younger or older than them.
This would help to further investigate the peer segregation
hypothesis.

In addition, it would be useful to know whether a particu-
lar child has siblings of the opposite gender. This would help
to investigate it further whether their preference for the par-
ticular gendered robot is due to having siblings of the same
gender. Finally, there might be differences among cultures,
which will be important to investigate in future work.
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6 Conclusion and FutureWork

To shed light on the impact of children’s developmental ten-
dency of gender segregationwithin child–robot interaction, a
large-scale study was conducted, inviting 107 children aged
between 5 and 12 years old to interact with the robot over
three sessions one week apart. The robot’s gendered voice
was manipulated in two experimental conditions to either
childmale or female synthesized voice. The children’s choice
of the robot’s gender for the third robot encounter was then
assessed. The results of this question’s responses suggest that
girls and boys have varying preferences for the gender of the
robot according to their age.Younger children (5–8 years old)
reported that they would prefer the robot have the same gen-
der as them while older children (9–12 years old) responded
that the gender of the robot did not matter to them. In con-
trast to what older children said, they reacted more positively
(smiled more) to the female robot regardless of their own
gender.

In contrast to these findings, the results from subjective
and behavioural measures (expressed happiness) adopted
during the studydid not support our gender-matchinghypoth-
esis (Hypothesis 2). Since children report to prefer same-
gendered robots, the reason for the insignificant results could
be explained by the fact that children’s overall positive
responses hid the effect. The children were obviously excited
to interact with a robot so their baseline is already near the
top of the questionnaire with no room for them to show
a dramatic change in the responses. A similar explanation
was reported by Chiasson [8] in their investigation of Media
Equation effect [40] with children.

Another explanation could be the challenging nature of
child-centered research. Other researchers in the field of
cHRI have reported similar challenges with Likert scales’
extreme responses [5]. Additionally, behavioural measures
such as facial expressions have their advantages but are also
subject to individual differences between children (expres-
sive vs. non-expressive interaction styles) [41].

This experiment has raised a number of questions, and
further work is needed in several directions to adequately
determine how gender affects children. First, the challenges
of effectively evaluating child–robot interaction need to be
addressed and alternative methods are required, in particular
for young children. Second, we will look at the issue of chil-
dren’s overall positive responses by finding tasks where the
children’s baseline is lower similar to Chiasson’s suggestion
[8]. Our future studies need to include a scenario that may
be not particularly fun to do and children might not other-
wise choose to do it to try and lower the baseline response.
Third, the synthesized voice did not evoke gender associa-
tion in younger children (5–8 years old). It is important to
address this limitation in the future studies by adding an addi-

tional gender association, for example for a robot to have a
gendered name.

In summary, the findings from the experiment can be sum-
marized in the following recommendations:

– Children aged between 5 and 8 years old do not attribute
age and gender characteristics to robot’s synthesized
voice.

– Children aged between 9 and 12 years old recognize gen-
der and age identity of robot’s synthesized voice.

– Children aged between 5 and 8 years old prefer to interact
with a same-gender robot.

– Children aged between 3 and 8 years old conform to
gender segregation in their interactions with a gendered
robot. These findings are based on their self-reported
preferences for the robot and on the observation of their
natural engagement with the same-gender robot reported
in [45].

– Children aged between 9 and 12 years old are flex-
ible about robot gender. These findings are based on
their self-reported preferences for the robot and on
their expressed happiness during interactions with same-
gender and opposite-gender robot.

These recommendations provide a strong motivation to
design a social robot that evokes gender associations in
young children in order to improve and maintain rapport and
engagement, which are essential for educational and ther-
apeutic benefits to take effect. In scenarios when a robot
takes a role of a friend or a peer with young children, inter-
action designers should consider accommodating children’s
preferences for same-gender robotic peers. It is also sensi-
ble to provide children with a choice or an option to interact
with a gender-matching robot. This could simply be achieved
by having a robot introduce itself with a gendered name
(e.g. Rosie vs. Robie). In relation to robot’s appearance,
social robots should be designed to look as gender-neural
as possible (e.g. a humanoid robot Pepper) to support gender
manipulation per needs and preferences of users from var-
ious age and gender groups. This type of adaptation would
be relevant for one-to-one interactions rather then for group
contexts as it would be strange to have a robot dynami-
cally change its gender. Future work is needed to inform
whether robot’s gender has an effect when a social robot
takes a role of a tutor, learner, game opponent, and other
social roles on child’s learning or therapy. Long-term studies
investigating long-term gender effects need to be carried out
too. This paper contributes to the literature of HCI and, in
particular, HRI, by reporting upon important considerations
when designing social robots and robotic applications for
children.
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