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A B S T R A C T

Research and commercial robots have infiltrated homes, hospi-
tals and schools, becoming attractive and proving impactful for
children’s healthcare, therapy, edutainment, and other applica-
tions. The focus of this thesis is to investigate a little explored
issue of how children’s perception of the robot changes with
age, and thus to create such a robot to adapt to these differ-
ences. In particular, this research investigates the impact of
gender segregation on children’s interactions with a humanoid
NAO robot. To this end, a series of experiments was conducted
with children aged between 5 and 12 years old. The results
suggest that children aged between 9 and 12 years old do not
support gender segregation hypothesis with a gendered robot.

In order to dynamically adapt to children’s age and gender, a
perception module was developed using depth data and a col-
lected depth dataset of 3D body metrics of 428 children aged
between 5 and 16 years old. This module is able to successfully
determine children’s gender in real-world settings with 60.89%
(76.64% offline) accuracy and estimate children’s age with a
mean absolute error of only 1.83 (0.77 offline) years. Addition-
ally, a pretend play testbed was designed in order to address
the challenges of evaluating child-robot interaction by exploit-
ing the advantages of multi-modal, multi-sensory perception.
The pretend play testbed performed successfully at children’s
play center, where a humanoid NAO robot was able to dynam-
ically adapt its gender by changing its synthesized voice to
match child’s perceived age and gender. By analyzing the free
play of children, the results confirm the hypotheses of gender
segregation for children aged younger than 8 years old. These
findings are important to consider when designing robotic ap-
plications for children in order to improve engagement, which
is essential for robot’s educational and therapeutic benefits.

xi
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Part I

C H I L D D E V E L O P M E N T W I T H I N H R I



1
I N T R O D U C T I O N

Human-Robot Interaction (HRI) is no longer the exclusive pre-
serve of adults. Research and commercial robots have infil-
trated homes, hospitals and schools, becoming attractive and
proving impactful for children’s healthcare, therapy, education,
entertainment and other applications. Accordingly, a number
of recent large-scale interdisciplinary projects, such as KASPAR
[36], ALIZ-E [134], DREAM [11], LIREC [1], SAR [3], Co-Writer
[37], SQUIRREL [8] have explored child-centered research with
the mission to enable the design, implementation, and eval-
uation of robots that encourage social, emotional, and cogni-
tive growth in children, including those with social or cogni-
tive deficits. This kind of robots are often referred to as socia-
ble robots [25], socially intelligent robots [34] or socially interactive
robots [46].

As a result, within the field of HRI, a particular sector has
emerged, which addresses research and practice of interaction
between robots and children - Child-Robot Interaction (cHRI).
cHRI is argued by Belpaeme et. al. (2013) to be fundamentally
different from interaction between adults and robots in that
children can not be considered as small adults [20]. Children’s
neurophysical, physical and mental developments are ongoing,
and this creates entirely different conditions for human-robot
interaction to operate within [20].

Social robots might not only benefit children by turning into
tutors and educators, but can also provide an emotional com-
panionship by taking a role of a friend or a peer. However, in
order to establish social and bonding relationships in children’s
public environments - dynamic social environments, such as hos-
pitals and educational institutions, - robots need to be able to
adapt to a variety of users of different age and gender groups
to keep children engaged and motivated.

2
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1.1 motivation

Since the value provided by robots can only be obtained if
the child actually spends time interacting with it, motivating
a child to stay engaged is an important design challenge. One
possible means is a hypothesis of gender segregation [151] - the
separation of boys and girls into same-gender groups in their
friendships and casual encounters [94] - shows potential for at-
tracting motivation and engagement with social robots. Indeed,
gender segregation has been referred to as one of the most per-
sistent and reliable of developmental phenomena [116]. And
indeed, children tend to pretend play [131] and anthropomor-
phize [49], and as a result robots are readily treated as being
alive and having “beliefs, desires and intentions” [20] [111].

Gender effects have been found throughout HRI studies whether
we are explicitly investigating them [41, 146] or not [70, 143].
Prior cHRI initiatives have identified that male and female chil-
dren tend to engage with robotic technologies differently [44,
60, 61, 68, 121]. At the same time, children demonstrate similar-
ity preferences for computer-based animated agents and human-
like robots, their age and gender [104, 137]. Literature in cHRI
exhibits a gap in a little explored issue of how children per-
ceive and interact with a gendered robot across age and gender
groups. This thesis addresses this void with an explicit research
on age-related gender effects in the context of child-robot inter-
action.

1.2 research hypotheses

This research is motivated by the literature in Child Psychol-
ogy. Understanding age-related changes is a hallmark of devel-
opmental studies, including the study of gender development
[115]. Gender developmental scientists narrow their focus to
the study of age-related changes of gender effects, in particular
emergence and patterning of gender segregation [151].
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Cook and Cook (2003) [31] suggest that children at differ-
ent developmental stages demonstrate varying reactions to chil-
dren’s toys, activities, traits and play preferences. Gender stereo-
types tend to be rigidly held during childhood, so that gen-
der differences are perceived to be extreme and binding [151].
In the years between preschool and puberty, the free play of
children occurs largely in gender-segregated groups, which is de-
picted as a group phenomenon, essentially unrelated to the in-
dividual attributes of children [85]. By 2 to 3 years of age, chil-
dren are beginning to show a clear preference for playing with
other children of their own sex [125]. By 6 years, gender segrega-
tion is so firm that “if you watch 6-year-olds on the playground,
you should expect to see only 1 girl-boy group for every 11

boy-boy or girl-girl groups" [85]. Segregation into same-gender
playgroups remains high and continues until early adolescence
[94]. Gender segregation is stronger for boys than for girls [85].
This thesis explores the following hypotheses:

h1 : Children conform to gender segregation in their interactions
with a gendered robot.

h2 : Children exhibit age-related differences in their interac-
tions with a gendered robot.

h3 : Female and male children have differences in perception,
preferences and evaluation of a gendered robot.

1.3 research objectives

Most research in cHRI builds upon a future vision for every-
day use of social robots in children’s public environments such
as educational institutions, hospitals, play centers, or museums.
However, robots deployed in such environments need to inter-
act with previously unseen users of different age and gender
groups. This thesis seeks to create a robotic testbed that is able
to dynamically adapt to its users by characterizing them using
some of the same cues that people use such as age and gender.
In addition, this thesis addresses the challenges of automating
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data gathering for child-robot evaluation by aiming for social
autonomy of robots deployed in public environments. In this
thesis, we propose to address the following objectives:

Objective 1: To study age-related gender effects in cHRI
Adaptive strategies of a social robot based on children’s age

and gender are motivated by the comprehensive theory of gen-
der development [151]. Given the strong influence of gender
in children’s cognitive development, the empirical studies first
examine whether synthesized voice evokes gender associations
in young children similar to the theory of doubly disembod-
ied language proposed by Lee and colleagues [72]. And if so,
empirical studies will then examine whether children aged 5-
12 years old follow the same tendency of gender-related social
behaviors referred to as gender segregation in their interactions
with a humanoid robot. These evaluations are presented in
Chapter 3 of this thesis.

Objective 2: To design a child-centered method for age and
gender estimation.

To be able to adapt to a variety of users of different age and
gender groups, this thesis proposes a child-centered method of
estimating age and gender based on 3D body metrics. While
this thesis focuses on adapting synthesized voice of a humanoid
robot to suit children’s preferences, this method could be ap-
plied to the design of any adaptive system to be tailored for
children. It is detailed in Chapter 4 of this thesis.

Objective 3: To design an autonomous robotic testbed for
public environments.

What does it take to build a fully autonomous social interac-
tion? This thesis seeks to achieve social autonomy for robots:
given sensor input, prior knowledge and social cognition, the
goal of this research is to design a fully autonomous robotic
testbed to address a challenging nature of public environments.
The testbed design is introduced in Chapter 5.

Objective 4: To automate child-centered data gathering.
cHRI community experiences a need to develop methods

that can be used to evaluate and benchmark the quality of
child-robot interaction in a safe, ethical, and reliable way [149].
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Evaluating the effectiveness of child-robot interaction has al-
ways been more problematic than with adults. Children do
not respond well to questionnaires [20]. Behavioral analysis
often involves video coding of behavioral data which is time-
consuming when a large number of children is involved. Since
the approach of this research is to use an adequate sample size
and mainly perform studies in real-world environments, a chal-
lenge of automating child-centered data gathering will be ad-
dressed in Chapter 6.

Objective 5: Experimental evaluation.
The final objective is to evaluate the performance of child-

centered age and gender estimation method (Objective 2), to ex-
ercise the performance of the autonomous robotic testbed (Ob-
jective 3), to validate the automated child-centered data gath-
ering (Objective 4) in an observational study investigating free
play of children with a peer robot of a matching gender (Objec-
tive 1) in a perceptually challenging children’s play center.

1.4 scholarly contributions

This thesis aims to systematically address these objectives within
interdisciplinary research presented in this thesis. We expect to
contribute to the areas of social robotics and cHRI research by
making the following contributions:

Contribution 1: Although gender discrimination is a com-
mon topic of study in the adult psychological literature [43],
research on children’s same-gender peer preferences, evalua-
tions, and interactions are rarely framed in terms of discrimina-
tion [151]. While gender differences along a variety of dimen-
sions have been successfully elicited by both on-screen agents
[74, 104] and robots for adult users [41, 107, 129], the impact of
age-related gender effects [125] has not been addressed in cHRI.
As this thesis aims to undertake an analysis of whether boys
and girls retain gender segregation with a gendered robot, this
thesis will also investigate whether synthesized voice evokes
gender associations in children.
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Contribution 2: In order to achieve social autonomy in per-
ceptually challenging public environments, we propose a portable
testbed specifically designed for HRI and cHRI research. The
PRIveT testbed is purposefully designed to be robust and scal-
able in order to be deployed in public environments. It is able to
autonomously initiative interaction by engaging children into
its pretend play scenario and adults into its self-demonstration
while automatically gathering data.

Contribution 3: In addition to PRIveT’s social autonomy, it
is able to dynamically adapt its interaction based on its child-
centered full-body age and gender determination component.
The collected depth dataset includes 3D body metrics of 428

children aged between 5 and 16 years old.
Contribution 4: Development of experimental paradigm for

studying how children engage with social robots in a dynamic
free interaction. To this end, a pretend play interactive scenario
is designed in order to address the challenges of evaluating
cHRI research. The proposed interactive pretend play scenario
is particularly suitable to children’s public environments. Such
public space context allows evaluating a large sample size of
the participants in a relatively short period of time. Children
get to engage in play at their own pace, thus this scenario al-
lows to measure children’s natural engagement with a robot by
measuring duration of interaction, proxemics, and compliance
with robot suggestions and instructions.

1.5 approach adopted within this thesis

A graphical illustration of the design process is provided in
Figure 1.1. The process starts with surveying theories from
social and developmental psychology. This is followed by em-
pirically studying whether the hypotheses inspired by the liter-
ature are supported within child-robot interaction. This stage
is followed by the design of a methodology that can dynami-
cally determine children’s age and gender. The next stage of
the research process is an iterative design of a robotic testbed
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Figure 1.1: The three-stage approach followed in this thesis.

for autonomous, robust and reliable interactions in public en-
vironments. In order to exercise the testbed, a number of real-
world experiments are conducted of increasing difficulty. Fi-
nally, adaptive strategies of the robot are evaluated in an obser-
vational study at a pretend play center for children.

1.6 structure of the thesis

This thesis is divided into three core parts based on the in-
tended scientific direction and contribution:

• Part I introduces theoretical and empirically grounded
design. In particular, Chapter 2 covers background and
presents a review of the related work, while the experi-
mental studies related to investigation of age-related gen-
der effects are presented and discussed in Chapter 3.

• Part II covers adaptation methodology and technical im-
plementation of the PRIveT testbed. Chapter 4 presents
a child-centered method for age and gender estimation.
Chapter 5 details the design of the PRIveT testbed.
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• Part III presents both the technical and empirical eval-
uation of the PRIveT testbed. Chapter 6 discusses how
this testbed was iteratively evaluated in a number of pub-
lic demonstrations and human-robot interaction studies.
Chapter 7 presents observational studies where children
engage in free play with the PRIveT testbed in a public
environment.

Finally, Chapter 8 concludes the thesis with a summary and
discussion of its contributions, especially with regard to the
field of cHRI and general HRI in public environments. In the
end, Chapter 8 outlines directions of future work.



2
R E L AT E D W O R K

This chapter presents the existing state-of-the-art relevant to
the work of this thesis, which is divided in four main sections.
A broad set of different perspectives constitutes the interdisci-
plinary nature of HRI field. Thus, the related work is organized
accordingly in each section of this chapter. Each section estab-
lishes the context and situates this thesis in relation to each of
these related work topics.

The first section introduces related work on robots designed
for public environments, discusses their capabilities and chal-
lenges associated with public human-populated settings. This
section provides the context for the testbed implementation pre-
sented in Part II of this thesis.

The second section presents a review of past and current re-
search projects that have addressed cHRI challenges that have
influenced the design and implementation of the social robotic
platforms used to date. In addition, this section introduces a
number of robotic testbeds widely used within cHRI research
and practices.

The third section of this chapter reviews a number of related
child-centered studies conducted with social robots. This sec-
tion introduces the reader to the current state-of-the-art in cHRI
research by discussing each study’s experimental design, data
evaluation methods, and main findings. The selected work es-
tablishes the empirical context for the experiments described in
this thesis, in particular in Part I and Part III of this thesis.

And finally, this chapter presents a brief theoretical back-
ground dedicated to the gender development theories of Child
Psychology, which motivates the research of this thesis and sets
psychologically-inspired objectives.

10
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2.1 robots in public environments

Research and development of robots to be deployed in pub-
lic spaces need to account for a wide range of challenges de-
pending on the application domain. Indeed, each public en-
vironment sets common technical challenges, however HRI re-
quirements may be different. This section provides a review of
the related work in the domain of robots for public spaces and
examines each work’s requirements, challenges and contribu-
tions.

The “network robot system” (NRS) framework [51] is a re-
sult of several years of research in the domain of public envi-
ronments and has been utilized in a number of field studies
in the train station [127], the science museum [126], and the
shopping mall [62] in Japan. Four mobile robots (two Robovie
humanoid robots and two cart robots), sensors embedded in
the environment, and planning servers are integrated to pro-
vide robot services such as guiding and carrying shopping bags
to people in social contexts. Features of NRS include recog-
nition and anticipation of people’s behavior, identification of
individuals, coordination of services and navigation paths be-
tween robots, and support for a human operator supervision.
The NRS framework performed successfully during the exper-
iment and participants responded in a positive way indicating
they would like to use these services in the future. Similar chal-
lenges presented to mobile robots have been addressed by the
research teams working on city guide robots such as FROG,
the Fun Robotic Outdoor Guide, [40] and Autonomous City
Explorer (ACE) [78], as well as airport guide robot SPENCER
[4], a fully autonomous mobile robot for smart passengers flow
management.

Robots deployed at information or reception desks are of-
ten stationary and free of dealing with navigation and socially-
aware mapping. However, such robots need to behave accord-
ing to the social norms accepted within the society they are de-
ployed in. One such robot is utilized as a receptionist, the Hala
robot [130], which consists of a human-like stationary torso
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with an LCD mounted on a pan-tilt unit. LCD "head" allows
rendering of character faces, appearance cues, verbal and non-
verbal behaviors of ethnicity that were controlled for the ethnic
similarity. The experiment was conducted in Education City,
Doha, with 30 participants: adult native speakers of Arabic (flu-
ent in English) and native speakers of American English. The
results show that the Hala robot with a relatively low human
likeness could evoke associations between the robot’s verbal
and non-verbal behaviors and its attributed ethnicity. However,
the results of this experiment did not find evidence of ethic ho-
mophily [86]. Another study by Salem [119] exploring culture-
specific variations of HRI between Arabic and English native
speakers highlighted the importance of addressing and exploit-
ing cultural differences when designing multilingual and cross-
cultural service robots.

Similar challenges to this thesis’s work have been addressed
by a robot bartender JAMES [48] that is designed to work in
dynamic, multi-party social situations. The JAMES system in-
corporates state-of-the-art components for computer vision, lin-
guistic processing, state management, high-level reasoning, and
robot control. The bartender robot consists of two manipulator
arms with humanoid hands mounted in a position to resem-
ble human arms, along with Microsoft Kinect and an anima-
tronic talking head, iCat. During the study conducted in the
laboratory settings, the system performed successfully with 31

university participants [48].
The specific domain of public exhibitions has only been ad-

dressed by a few research groups. One example is a gesture-
centric android system [66] which is able to adjust gestures and
facial expressions based on a speaker’s location or situation for
multi-party communication. The speaker location is identified
by face recognition and microphone position. The experiment
was conducted with 1662 subjects interacting with Actroid-SIT
android in a shopping mall in Japan. Another field experiment
was conducted during a 6-day Fleet Week in New York with
202 subjects [90]. Groups of three people firstly trained the Oc-
tavia robot to memorize their soft biometrics information (com-
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plexity, height and clothes), then as the people tried to trick
Octavia by changing their location, she could 90% of the time
successfully identify people. Both systems successfully address
multi-party HRI relying on multi-modal recognition of people:
sound and vision. However, the proposed testbed of this thesis
is able to perceive visitors’ features to estimate age and gen-
der and then adapt its interaction according to the particular
individuals.

2.1.1 Discussion

Recent progress in the area of service robotics, including re-
search which seeks to integrate speech, sensing, acting, and
networking, have resulted in increasingly versatile and reliable
service robots. One of the most promising application domains
for service robots is to be deployed in public spaces, for ex-
ample as reception and information desk attendants, museum
and city guides, servants in bars and restaurants, healthcare, re-
habilitation and therapy assistants in hospitals, educators and
learning companions in educational institutions.

In public spaces, robots must necessarily deal with situations
that demand them to engage humans in a socially appropriate
manner. In addition, those interactions are typically short and
dynamic and they are not limited to two parties. Rather, in
many instances, those robots have to deal with multiple peo-
ple simultaneously participating to the interaction (multi-party
interaction), and often with changing numbers of participants
[106]. Existing systems discussed in this section have addressed
a set of social HRI challenges ranging from respecting personal
space to respecting human’s cross-cultural differences. How-
ever, current robotic systems rarely adapt its interaction style to
its users. Similar to human-human communication, if a robot
does not adjust its communication style to the user or situation
at hand, this can lead to confusion, misunderstanding and can
cause annoyance, displeasure, dissatisfaction with the service
and ultimately disengagement. Indeed, adaptive human behav-
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ior reflects an individual’s social and practical skills to meet the
demands of the society [77]. Thus, a socially competent robot
needs to behave according to the contemporary conventional
norms normally accepted within the society, social class, or user
group. Consequently, this thesis seeks to address this gap by
developing a robotic system that can autonomously adapt to
its users in order to maintain their engagement in real-world
scenarios.

Compared to existing robotic systems deployed in public en-
vironments, the proposed testbed presented in this thesis is de-
signed to leverage the heterogeneous perception abilities avail-
able in such robotic systems, in order to easily tailor to dif-
ferent HRI requirements and environmental settings. In addi-
tion, it is equipped with a methodology for age and gender es-
timation to facilitate dynamic adaptation of its interaction style.
The testbed with its concept and design is proposed to address
some challenges presented to HRI research such as conducting
studies in the real-world settings and attracting a large number
of participants in a relatively short period of time. The testbed
is detailed in Chapter 5 of this thesis.

2.2 projects exploring child-robot interaction

A number of projects have explored cHRI research with the mis-
sion 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.
The selected work includes large-scale projects that span across
a number of research and development partners across coun-
tries that aim to combine expertise from different domains in
order to form interdisciplinary teams.

In this section, the selected work is organized by their ap-
plication domain (healthcare and therapy, education) because
the robot’s features are most likely to be similar in the same
domain, and therefore easier to compare.
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2.2.1 Robot Assisted Healthcare and Therapy

One of the most promising application domains for cHRI is
robot assisted healthcare and therapy. The groundbreaking
work of Dautenhahn et al. [36] starting in 1998 during the Au-
RoRA (Autonomous Robot as a Remedial tool for Autistic children)1

project and continuing since 2005 as the KASPAR (Kinesics and
Synchronization in Personal Assistant Robotics) project2 have pro-
duced impactful outcome for the therapy of children with autism
spectrum disorders. During these projects, the minimally ex-
pressive, humanoid robot KASPAR [36] was developed as a
therapeutic tool to act as a social mediator encouraging speech
and communication skills with other children and adults. The
KASPAR robot (Figure 2.1) is the size of a small child and has
a simplified human face, predictable moveable limbs and mini-
mal expressions. It is dressed as a boy but has no specific age,
so that children can interpret KASPAR as they wish. KASPAR
is semi-autonomous and is controlled through a tablet. The
robot can be tickled, stroked, pinched and poked for learning
human-like behaviors and body features. A number of inter-
active play scenarios have been designed to be used during in-
teraction sessions such as peekaboo, playing on a drum and
other learning activities. Since the development of KASPAR,
it has been utilized in a numerous studies involving typically
developing children and served as an effective HRI testbed.

Since then, there has been other teams combining interdis-
ciplinary research for studying cognitive HRI with a special
focus on the therapy of children. As a result of such efforts,
a huggable robot Probo3 is a tele-interface for entertainment,
communication and assistance. Probo acts as a social interface,
providing a natural interaction while employing human-like so-
cial cues and communication modalities. Probo (Figure 2.1) is
80 cm tall and feels like a stuffed animal. It has a fully actuated
head and trunk with 20 degrees of freedom, capable of show-

1 http://www.aurora-project.com/
2 http://www.kaspar.herts.ac.uk/
3 http://probo.vub.ac.be/
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Figure 2.1: Kaspar (left) and Probo (right)

ing six facial expressions (happy, surprise, sad, anger, fear and
disgust). The Probo robot employes a digital camera, micro-
phones, touch sensors and a touch screen in its belly. Probo is
designed to have an identity: its character has a name, a story
and a history. Since the first presentation of Probo in 2009, it
has been utilized as a research testbed for long-term hospital-
ized children as an edutainment and videoconferencing plat-
form (Goris et al., 2009 [53]), and for robot assisted therapy for
children with autism spectrum disorder (Vanderborght et al.,
2012 [140]).

The European project ALIZ-E (Adaptive Strategies for Sustain-
able Long-term Social Interaction)4 set out in 2010 to construct the
artificial intelligence (AI) for small social robots, and to study
how children would respond to these robots. The project fo-
cused on children diagnosed with diabetes, whom these robots
could help by offering support, training and entertainment dur-
ing their long-term or frequent hospital visits. Children played
quizzes and games, and even danced with the humanoid Alde-
baran NAO robot [7]. In addition to social robots, a collabo-
rative interaction platform ‘Sandtray’ was designed utilizing a
26-inch capacitive touchscreen (Figure 2.2), which served to fa-

4 http://aliz-e.org
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Figure 2.2: NAO with Sandtray (left) and iCat with chessboard (right)

cilitate, mediate and contextualize the interaction. The work
of ALIZ-E team [134] has led to a raft of scientific insights on
how children relate to social robots, and how robots need to be
designed to maximize their impact when used for educational
or therapeutic purposes. These and other insights are carefully
summarized in Section 2.3 of this chapter.

An ongoing European project, the DREAM project5 aims to
convert the therapy room into the smart space environment
by integrating multi-sensory data fusion from the social robots
(Aldebaran NAO robot or Probo robot), Microsoft Kinect and
sensors embedded in the environment in order to address the
challenge of data analysis, modelling, and interpretation for di-
agnostic support of children with autism spectrum disorders
[11].

2.2.2 Education

Another popular application domain for using social robots
with children is that of education. During the European project
LIREC (Living with Robots and Interactive Companions)6 numer-
ous studies were conducted in schools to address the challenges
of maintaining children’s interest in social robots. In addition,
LIREC explored questions of how to sustain robot’s social pres-
ence, children’s engagement and self-validation with the aim
to improve child’s learning during long-term interactions in
school settings [1]. Philip’s iCat robot [139] (Figure 2.2) acts as

5 http://dream2020.eu
6 http://lirec.eu
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Figure 2.3: DragonBot (left), MyKeepon (center), NAO w/tablet
(right)

a game companion playing chess with children on an electronic
chessboard or tic-tac-toe on an electronic tic-tac-toe board. The
iCat can produce 22 artificial emotions (fear, hope, anger, joy,
and others) by moving its eyebrows, eyelids, mouth, neck and
body, and say utterances using a text-to-speech engine. Ad-
ditionally, the robot’s paws and ears contain lights and touch
sensors. As a game companion, the iCat robot could provide
personalized empathic feedback to children.

An ongoing project that combines research efforts of four
USA universities (MIT Media lab, Yale University, University
of Southern California, and Stanford University), Socially As-
sistive Robotics (SAR)7, also seeks to investigate long-term ef-
fect of interactions with social robots to provide the coaching
and support needed to help children maintain healthy habits
around nutrition and exercise. Just as a good coach or teacher
can provide motivation, guidance, and support, socially assis-
tive robots attempt to provide the appropriate emotional, cog-
nitive, and social cues to encourage development, learning, or
therapy for overweight children and adolescents. Utilizing a
tablet and either DragonBot (Figure 2.3) or MyKeepon8 (Figure
2.3) robots, the project goal is to engage the child as a peer in or-
der to guide a child toward long-term behavioral changes while
customizing to the particular needs of the child and developing
as the child does.

DragonBot [128] or a new version of it, Tega [67], is a low-
cost platform to support long-term interactions between chil-

7 http://robotshelpingkids.yale.edu/
8 http://www.mykeepon.com/
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dren and robots. The robot runs entirely on an Android mobile
phone, which displays an animated virtual face. Additionally,
the phone provides sensory input (camera and microphone)
and fully controls the actuation of the robot (motors and speak-
ers). MyKeepon [69] is a small creature-like robot designed
to interact with children by directing attention and expressing
emotion developed by BeatsBots LLC in 2003. It has soft rub-
ber skin, cameras, microphone and four DOF to be able to turn,
nod, rock side-to-side and bob up.

An interesting concept of the nature of interaction between
social robots and children proposed by the Co-Writer project9

[37] for the education of handwriting with the Alderaban NAO
robot and a tactile tablet (Figure 2.3). The child is the teacher in
this relationship and the robot is the learner: the child engages
in a metacognitive relationship to try to understand why the
robot fails and how to help the robot with the handwriting by
actually improving child’s own handwriting skills, self-esteem
and the skill to reflect on their own errors [58].

Inspired by the toy cleaning scenario, the SQUIRREL10 [8]
project team aims to make the Aldebaran NAO robot learn to
collect toys scattered in loose clumps on the floor in a child’s
room, nurseries or day cares. Such dynamic collaborative task
will require the robot to engage with one or a few children by
addressing a number of technical challenges and challenges of
social human-robot interaction nature.

2.2.3 Discussion

The aforementioned projects have focused on making robots
social in order that they may be deployed in real-world public
environments, such as educational institutions and hospitals,
for RAT, SAR, and educational applications. One of many chal-
lenges encountered by these projects has been the challenge
of real-world settings i.e. conducting research and user stud-

9 http://chili.epfl.ch/cowriter
10 http://www.squirrel-project.eu/



2.2 projects exploring child-robot interaction 20

features : physical technological interactive

KASPAR
robot

- humanoid robot
- stationary, in a sited
position
- silicon-rubber mask
as simplified face
- 45 cm tall child-like
size
- dressed in chil-
dren’s clothing

- 8 DOF in the head
and neck, and 6 DOF
in the arms
- touch sensors

- four facial expres-
sions (neutral, small,
medium and large
smiles)
- blinking eyes
- gestures

Probo
robot

- zoomorphic robot
- stationary, in a
squatting position
- face with eyes, ears,
mouth and trunk
- 80 cm tall feels-like
stuffed animal

- fully actuated head
and trunk with 20

DOF
- digital camera,
microphones, touch
sensors and a touch
screen in its belly

- six facial expres-
sions (happy, sur-
prise, sad, anger, fear
and disgust)
- touch

Aldebaran
NAO
robot

- humanoid robot
- whole body motion
- abstract face with
LED-embedded eyes
- 58 cm tall child-like
size
- can be of either grey,
orange, or blue col-
ors

- fully actuated body
with 25 DOF
- two cameras, four
microphones, touch
sensors and sonars

- facial expressions
by LEDs’ manipu-
lations (green, red,
etc.)
- emotions by body
pose
- gestures
- tactile

iCat
robot

- zoomorphic robot
- stationary robot
- face with eyebrows,
eyes, eyelids, and
mouth
- 38 cm tall cat-like
size

- actuated eye area,
mouth and head
with 13 DOF
- camera, micro-
phone, LEDs and
touch sensors in
paws and ears

- 22 facial expression
(fear, hope, anger, joy,
and others)
- touch

MyKeepon
robot

- snowman-like
robot
- stationary robot
- abstract face with
eyes and nose
- 27.4 cm tall

- 4 DOF
- a microphone and
touch sensors

- emotions by body
moves (curious, ex-
cited, sleepy, etc.)
- poking, tapping,
squeezing, or tick-
ling

DragonBot
robot

- zoomorphic robot
- stationary robot
with body motion
- an animated virtual
face

- 5 DOF in the body
- a camera and mi-
crophone of the An-
droid mobile phone

- numerous facial ex-
pressions by virtual
eyes
- emotions by simple
body motions

Table 2.1: Robotic platforms used for cHRI
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ies outside of the laboratory. Thus, the main technical require-
ments of these social robots were necessarily the transportabil-
ity, performance’s reliability and robustness. In order to ad-
dress these requirements and to create very constrained and
controlled experimental conditions, some projects used com-
mercially available and already fully programmed robots, or
research prototypes exhibiting a limited set of behaviors, or
which were controlled via the Wizard-of-Oz (WoZ) approach.
Such research strongly focuses on humans’ attitudes towards
robots and is achieved by conducting large-scale evaluations
trying to find statistically significant results. However, as Daut-
enhahn (2013) [35] confirms the concept of robot is a “mov-
ing target” since robots have dramatically changed since the
early 1990s and they continue to change while some of them
are becoming obsolete and others are “generally discrete, iso-
lated systems”. Thus, for such findings to become general HRI
insights and be applicable across the globe and generations, a
big challenge presented to HRI community is to account for
the important component of HRI - robot platforms, and their
physical, technological and interactive features. For these rea-
sons, Table 2.1 presents a summary of the robotic platforms
that have been exploited world-wide for the last decade and
are still the most popular robots for cHRI research and prac-
tices. Thus, significant efforts have been made to reduce the
cost of the robotic platforms to allow for a more replicable HRI
research and, mainly, for contributing to developing HRI as a
field. As mass and international usage of robots is becoming a
reality with the arrival of commercial and affordable products
such as MyKeepon or Aldebaran NAO robot, HRI findings are
gradually becoming more general, comparable and applicable
to HRI community. The next section aims to summarize and
describe the insights on how children relate to social robots.
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2.3 child-centered studies with social robots

In this section, a state-of-the-art on child-centered HRI with so-
cial robots is presented, organized by the experiments’ motiva-
tions and research questions. The selected work includes user
studies conducted with typically developing children and does
not include work on therapy for children with autism spectrum
disorder. The main goal of this literature review is to investi-
gate how children’s perception of the robot changes with age.
Discussion of each study reports its hypotheses, experimental
design, its method and data collection measurements, partici-
pants information, and a summary of its findings. The selected
studies are categorized by the research questions being investi-
gated since it is easier to draw general findings and contribu-
tions to the HRI community.

2.3.1 Robot Embodiment studies

A number of research groups have investigated the impact of
robot embodiment on children. Social interaction consists of
many different elements: verbal and nonverbal. Social non-
verbal cues generated by the robot might influence the impres-
sion children have of their interaction partner. Real and virtual
robots provide different affordances, and also the way they pro-
vide nonverbal social cues can differ significantly for users.

The first, large-scale study involving children and compar-
ing physical and virtual robot embodiments was performed by
Kose-Bagci et al. (2009) [68]. This work sought to investigate
whether the embodiment and gestures of the KASPAR robot
have an effect on how children perceive a robot, the 3 (em-
bodiment) x 2 (gestures) mixed-design study was conducted
with 66 (39 girls and 27 boys) children in the age range of
9-10 years. Each participant played an equivalent drumming
game with the robot in the three different embodiment con-
ditions (physical embodiment, virtual embodiment and disem-
bodiment), each of which took 2 min (making embodiment a re-
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peated measures variable). Half of the children were randomly
assigned to the gesture condition while the remaining half was
assigned to the no-gesture condition (making gestures an in-
dependent groups variable). The sources of collecting data in-
cluded self-reported questionnaires, behavioral analysis of the
video recordings and the behavioral (drumming) data of each
robot-child pair collected by the robot. The subjective experi-
ences showed significant differences for the different embodi-
ment conditions when gestures were used in terms of enjoy-
ment of the game, and perceived intelligence and appearance
of the robot. The drumming performance also differed signif-
icantly within the embodiment conditions and the presence of
gestures increased these differences significantly. The presence
of a physical, embodied robot enabled more interaction, better
drumming and turn-taking, as well as enjoyment of the interac-
tion, especially when the robot used gestures.

Kennedy et al. (2015) [65] assessed how the embodiment of a
robot tutor influences children’s behavior during an interaction
in which they aim to learn novel information. After deriving
a suitable robot tutoring behavior from observations of human
tutor-learner interactions in the same interaction context, the
purpose of the study was to evaluate whether the physical pres-
ence of a real humanoid NAO robot will facilitate an increase
in child learning gains in contrast to the virtual robot displayed
on a large monitor. Two-condition, between-subject design was
employed for the study with 28 children (11 boys and 17 girls)
aged between 7-8 years old. Children had a task to sort virtual
characters on a large touchscreen ‘Sandtray’ (Figure 2.2) and
either a real physical robot or a virtual robot guided them ver-
bally in the task. All child-robot interactions were video coded
for child gaze, gestures and vocalizations. Pre- and post-tests
were logged during the interactions for analysis of learning. Al-
though no differences in learning between the embodiment con-
ditions were found in this study, it is found that the real robot
attracts more gaze than the virtual robot. It is suggested by the
authors that it might be due to the bias of the learning task,
social behaviors of the robot not being engaging enough, or
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the interaction in either condition being short (5 min) and in-
fluenced by the novelty effect (touchscreen with real robot vs.
touchscreen with a large screen).

Looije et al. (2012) [82] also compared the effect of embodi-
ment of a humanoid NAO robot on playful learning (viewing a
video on a chosen topic and answering a multiple choice quiz
on it) in a within-subject study with 11 children (3 girls and
8 boys) of an average age 11.1 years old. The measurements
used were quiz results, self-reported questionnaires and video
coding of child’s gaze: its frequency and duration toward the
robot, screen or elsewhere. There was no significant learning
effect overall and no significant effect in either condition sep-
arately. However, there were significant differences in the fre-
quency and duration of looking at the physical robot in com-
parison to the virtual robot. When asked to choose between
the two robots, there was a small preference for the real robot,
though no significant.

2.3.2 Discussion

A summary of the studies described above is presented in Ta-
ble 2.2. Real robots would appear to hold some advantages
over virtual robots in social interactions, provided that non-
verbal cues are used effectively. Children are attracted to real
robots significantly more, and perceive them to be more intelli-
gent, but there are no learning differences found between real
or virtual robot conditions. To sum up, the achievements and
findings suggest implications for research in application areas
involving physical robots and children. As per children’s learn-
ing performance, the use of real robots carries an advantage
in terms of social presence that could bring educational bene-
fits providing that socially contingent behavior is maintained
by the robot to support initially high levels of attention from
the child throughout an interaction. In addition, there were
some gender differences reported by [68] in children’s evalua-
tion of the robot’s social attraction. Male children found the
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description exp. design subjects main results

Kose-Bagci
et al. (2009)
[68]
Effects of
embodiment
and gestures
with the
KASPAR
robot

Method: 3 (embodi-
ment) x 2 (gestures)
mixed-design: physical,
virtual and disembod-
ied robot conditions
and gestures and no-
gestures conditions
Measures: video cod-
ing of behavioral
(drumming) data and
questionnaires

66 children
(39f, 27m)
9-10 years
old

Children’s rating of
enjoyment, appear-
ance and intelligence
were significantly
higher for physical
robot. Their drum-
ming and turn-taking
was significantly
better in a physical
robot condition. Gen-
der differences were
found.

Kennedy
et al. (2015)
[65]
Effects of
embodiment
on a robot
tutor with
Aldebaran
NAO robot

Method: two indepen-
dent groups: virtual
and real robot condi-
tions
Measures: pre- and
post-tests scores in the
task, video coding for
behavioral analysis of
gaze, gestures, vocaliza-
tions

28 children
(17f, 11m)
7-8 years
old

There were no dif-
ferences in learning
between conditions
found, however real
robot attracts more
gaze than the virtual
robot.

Looije et al.
(2012) [82]
Effects of
embodiment
on a robot
tutor with
Aldebaran
NAO robot

Method: within-subject
design: physical and
virtual robot conditions
Measures: quiz re-
sults, video coding
of gaze (frequency
and duration) and
questionnaires

11 children
(3f, 8m)
mean is
11.1 years
old

No differences in
learning between
conditions found.

Table 2.2: Studies on robot embodiment
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robot more socially attractive in the physical embodiment con-
dition than in the two other conditions while a similar effect is
not evident for females. In addition, when children play with
the physical robot, KASPAR, their performance is similar, but
in the absence of the physical robot male children play more
beats than the female children. Again, male children had a
more pronounced difference for the play time effect and the av-
erage number of beats played between the last game and the
previous games than the female children. Even though Kose-
Bagci et al. consider the KASPAR robot of a neural gender, it
could be argued that children might have perceived it to be
a boy due to its male clothing. And this might explain the
difference in findings between gender groups. Unfortunately,
authors of the other studies presented in this section did not
comment on gender differences.

2.3.3 Studies Exploring Child-Robot Bonding

Wood et al. (2013) [145] introduced the novel application of us-
ing KASPAR robot for robot-mediated interviews. The exper-
imental study examined whether children’s responses to hu-
manoid robot differed in comparison to their interaction with
the human in an interview context. All children (21 children
aged between 7 and 9 years old) were interviewed twice by the
robot and the human interviewer. Measures were the behav-
ioral coding of children’s eye gaze, duration of the responses
and the interviews, analysis of responses, and questionnaire
data. Results revealed that children’s eye gaze was directed
significantly more to the robot in contrast to the human inter-
viewer. However, other data did not show any significant dif-
ferences between the conditions suggesting that robots might
be effective tools for conducting interviews with children.

Kennedy et al. (2015) [64] explored the effect of a social NAO
robot’s tutoring strategy on children’s learning. During a between-
subject design, 45 children aged 7-8 years old interacted with
one of four conditions: touchscreen only, touchscreen with con-
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tent and speech feedback, non-social non-personalized robot
and social personalized robot (rich verbal content, gestures, per-
sonalization, gaze) conditions. Educational context of the study
allowed to measure pre- and post-tests scores in the task. Other
measures included video coding for behavioral analysis of gaze.
Findings were unexpected since children’s learning improved
when interacting with the non-social robot in contrast to a more
social robot.

Leite et al. (2015) [76] conducted a study to evaluate the im-
pact of interaction type on children (40 children aged 6-8 years
old) during emotional storytelling in the classroom with three
MyKeepon robots. A three-week repeated-interaction study
was conducted where children interacted either alone or in
small groups. Interview responses were analyzed in order to
measure participant’s story recall abilities and emotional un-
derstanding. Although the individual condition increased par-
ticipant’s story recall abilities compared to the group condition,
the emotional interpretation of the story content seemed more
dependent of the difficulty level rather than the study condi-
tion. These finding suggest that, despite the type of interaction,
interactive narratives with multiple robots are a promising ap-
proach to foster children’s development of social-related skills.

Gordon et al. (2015) [52] aimed to explore whether curios-
ity in young children (48 children aged 3.4-8.4 years old) could
be manipulated and improved after interacting with the Drag-
onBot robot in educational settings. Forty eight children in-
teracted with either a tablet, a non-curious robot, of a curious
robot condition. Children were assessed on curiosity studied
quantifiable measures: free exploration, fish task and question
generation; reading skills with TOWRE word assessment test,
reading pre- and post-tests, and post-interaction questionnaire.
Results confirmed that children’s curiosity might be higher af-
ter interaction with the curious robot compared to an interac-
tion with a non-curious robot. Only those curiosity aspects
which were manipulated increased in children. Curious tablet
and curious robot conditions produced similar results. Thus,
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the results suggest that manipulating subtle social interaction
utterances and expressions can impact children’s curiosity.

2.3.4 Discussion

The studies presented in this section explored child-robot bond-
ing relationship in the interview, storytelling, and learning tasks.
In these studies, social robots were assigned the role of a peer
or a friend in their interactions with the children. It is diffi-
cult to generalize the findings of these studies since each study
had a common limitation in the number of participants. Apart
from the repeated-measures experiments, first and third entries
in the Table 2.3, participant’s number in each condition of the
experiments of a between-subject design is less than thirteen
children. These limitations are common within the cHRI field
due to the challenges of ethics and recruitment. However, these
studies serve as interesting preliminary work suggesting fur-
ther investigation. Interestingly, Kennedy et al. (2015) [64] re-
port gender differences: there was a significant improvement
for girls with the robot condition in comparison to boy’s im-
provement. The authors did not draw conclusions but rather
suggested to conduct further research investigating gender dif-
ferences in educational interactions. Unfortunately, other stud-
ies of this section did not discuss gender differences in their
findings.

2.3.5 How do children treat robots within free dynamic interaction?

This section presents the studies that were performed in un-
controlled environments where children were free to leave or
spend as much time with the robot as they wanted to. These
studies were mostly performed in public environments such
as museums, schools or shopping malls, as a result involved a
large sample size of participants of a wide age range.

Scheeff et al. (2002) [121] in an observational study at the sci-
ence museum with a small wheeled teleoperated robot Sparky
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description exp. design subjects main results

Wood et al.
(2013) [145]
Effects
of robot-
mediated
interviews
for disclos-
ing informa-
tion with
KASPAR
robot

Method: repeated
measures: human and
robot interviewer con-
ditions
Measures: video
coding for interview
duration, eye gaze du-
ration, child response
duration, word count,
etc., and questionnaires

21 children
(10f, 11m)
7-9 years
old

Children responded
in a similar way in
which they responded
to a human in an
interview scenario.
Except the eye gaze,
which was directed
significantly more to
the robot.

Kennedy
et al. (2015)
[64]
Effects of so-
cial behavior
of a robot
tutor with
Aldebaran
NAO robot

Method: four in-
dependent groups:
touchscreen only,
touchscreen with
content and speech
feedback, non-social
non-personalized robot
and social personalized
robot conditions
Measures: pre- and
post-tests scores in the
task, video coding for
behavioral analysis of
gaze

45 children
(23f, 22m)
7-8 years
old

Children learning im-
proved when interact-
ing with non-social
robot in contrast to
more social robot (rich
verbal content, ges-
tures, personalization,
gaze). Gender differ-
ences found.

Leite et al.
(2015) [76]
Effects of
individual
vs. 3-people
group in-
teraction
between
children
and two
MyKeepon
robots

Method: repeated-
measures design: alone
and in small groups
conditions. In each
condition children in-
teracted with the robots
3 times to avoid novelty
effect that robots evoke
in children.
Measures: interviews
with children, the data
coded for word count,
story recall, and emo-
tional understanding.

40 children
(22f, 18m)
6-8 years
old

Participants recalled
the story significantly
better when interacted
individually with the
robot, however no
significant differences
were found in chil-
dren’s emotional
interpretation of the
stories.

Gordon et al.
(2015) [52]
Effects of
curiosity
driven be-
havior with
Dragonbot
robot

Method: independent
groups: curious tablet,
non-curious robot and
curious robot condi-
tions.
Measures: curiosity
studied quantifiable
measures; reading
skills with TOWRE
word assessment
test, reading pre-
and post-tests, and
post-interaction ques-
tionnaire.

48 children
(21f, 27m)
3.4-8.4
years old

The results suggest
that manipulating sub-
tle social interaction
utterances and expres-
sions can impact chil-
dren’s curiosity.

Table 2.3: Studies Exploring Child-Robot Bonding
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that had an expressive face found that children were usually
rapt with attention and treated the robot as if it were alive.
Young children (4-7) tended to be very energetic around the
robot (giddy, silly, etc.) and had responses that were usually
similar regardless of gender. They were generally very kind to
the Sparky robot. Older children (7 to early teens) were also
engaged but had different interaction patterns depending on
gender. Older boys were usually aggressive towards Sparky.
Boys usually made ugly faces at the robot’s face and did such
things as covering the eyes, trapping it, pushing it backwards
and engaging in verbal abuse. Older girls were generally gen-
tle with the robot. Girls often touched the robot, said soothing
things to it, and were, on occasion, protective of the robot. If an
older girl did provoke Sparky a little and it switched into a sad
emotion, response was similar to that with young children.

In 2004, Kanda et al. [61] performed a field trial evaluation for
two weeks (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 En-
glish tutors. The robots were capable of recognizing children
and calling them by their names using RFID tags, displaying
several interactive behaviors such as greeting or hugging, as
well as recognizing 50 different English words and displaying
some English utterances. Collected data were time spent in-
teracting with the robot and three English tests that accessed
English skills improvement. The study revealed that children
of the younger age group spent more time interacting with 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.

With the aim to investigate the effect of spatial and other so-
cial engagement cues in child-robot interaction, an exploratory
study Vázquez et al. (2014) [141] was conducted as a part of the
Summer Games carried out at Disney Research Pittsburgh, in
which child behaviors were examined while interacting with an
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expressive mobile chiffonier robot, Chester, and his robot lamp
sidekick, Blink in a Wizard-of-Oz fashion. Total of seventy four
participants aged 4 to 10 years old interacted with Chester and
Blink in groups of 3 or 4 children in either condition: with or
without sidekick. The results showed that the presence of a
sidekick did not alter child proximity, but did increase atten-
tion to spoken elements of the interaction. This suggests the
addition of a co-located sidekick has potential to increase en-
gagement but may not alter subtle physical interactions associ-
ated with personal space and group spatial arrangements. This
work confirms that furniture robots are a plausible design for
children.

In 2014, Fink et al. [44] performed a field trial evaluation
of the mobile robot “Ranger" - a robotic toy box that aims to
motivate young children to tidy up their room. This between-
group case study explores two different robot behaviors (proac-
tive vs. reactive) and their impact on children’s interaction
with the robot and the tidying behavior. Ranger was evaluated
with 14 families with 31 children (2-10 years) using the Wizard-
of-Oz technique. Data analysis included counting how many
toys children put into and removed from the box in addition
to video coding of children’s actions towards the robot catego-
rized as exploration (observing Ranger, trying to find out how
it works), misusage (hitting or kicking it, poking it in the eye,
trying to climb on it), putting toy, removing toy, using a gesture
toward Ranger, touching it or playing with it (e.g. showing a
toy, petting). Children’s verbal statements were not coded but
analyzed qualitatively. The authors qualitatively investigated
gender and age differences in how children interacted with the
robot. It seems that younger children (3-6 years) benefit most
from using Ranger. They were more fascinated by the audio
and light cues than older children (7-10 years). Children less
than 3 years old did not really use the box for tidying but rather
watched it or held on it to practice walking around. There were
interesting qualitative gender differences. Boys more often mis-
treated and gestured toward Ranger than girls, who slightly
more often petted the robot. For instance, several boys wanted
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to direct the box around using pointing gestures and verbal
comments, such as “go over there!” or “come here”. The au-
thors state that they made similar observations in their previous
work with children interacting with vacuum-cleaning robots.
Findings of this study suggest that both a proactive and a reac-
tive robot can be engaging for children, however, in a different
way. The proactive robot triggered more playful behavior but
also seemed to distract from the tidying task. In contrast, the re-
active robot triggered more tidying behavior but engaged chil-
dren less in playing with it. Consequently, authors suggest to
balance initiative-taking with the user to result in an engaging
but still purposeful behavior (e.g. serious game).

The social trash box (STB) robot was evaluated by Yamaji
et al. (2011) [147] for the effects of interactive social cues and
vocal interactions to build a social coupling with children in or-
der to induce their assistance in the collection of trash. During
the study at the Developmental Center for Children, proxemic
information (interactive spaces) of 108 children (between the
ages of 4 and 11 years old) were analyzed by considering the
dynamic (i.e., the interactive distance and duration of interac-
tions) natural interaction.

2.3.6 Discussion

A summary of the studies described above is presented in Table
2.4. These studies present social robots that resemble objects or
furniture (e.g. trash box, toy box, and chiffonier robot) and
show that furniture is a good robot design for children and an-
thropomorphization of household objects can produce positive
engagement effects. In addition, a number of studies found
age differences in the way children behaved around the robot.
Gender differences were also found and discussed. In contrast
to the studies of the previous sections, these research reported
upon findings obtained with a larger sample size of the partic-
ipants. In addition, these field studies explore alternative qual-
itative methods - dynamic natural means of data evaluation,
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description exp. design subjects main results

Kanda et al.
(2004) [61]
Studying
long-term
interac-
tion with
Robovie
humanoid
robot

Method: repeated
measures design in an
18-day field trial in two
age groups conditions
Measures: improve-
ment of English skills
and duration of interac-
tion for each child per
day

228 chil-
dren (116f,
112m) 6-12

years old

Younger children
spent more time with
the robot than older
children did. Gender
differences were not
discussed.

Fink et al.
(2014) [44]
Studying
children’s
tidying be-
havior with
Ranger toy
box robot

Method: two indepen-
dent groups: proactive
vs. reactive robot be-
havior conditions
Measures: video cod-
ing of children’s actions
toward the robot

31 children
(15f, 16m)
2-10 years
old

There were many
age group differences
found: less than 3,
3-6 years, and 7-10

years old. Gender
differences were also
found: girls petted the
robot, boys mistreated
it more often.

Vázquez
et al. (2014)
[141]
Impact of a
lamp charac-
ter (sidekick)
presence
on interac-
tion with
Chester
chiffonier
mobile
robot

Method: two inde-
pendent groups: with
vs. without sidekick
conditions
Measures: proxemics,
physical contact
(touch), focus of at-
tention, and audio
analysis

74 children
(33f, 41m)
4-10 years
old

There were significant
differences found be-
tween aged groups in
the amount of words
spoken to the robot,
focus of attention,
and physical contact.
There were significant
differences found in
proxemics between
age groups. Gender
differences were not
discussed.

Scheeff et al.
(2002) [121]
Sparky
small mo-
bile robot

Method: observational
study
Measures: analysis of
common behavioral
patterns

4-13 years
old

Young children
behaved similarly
regardless of gender.
Older children (from
7ish to early teens)
behaved differently
according to gender:
boys of that age were
usually aggressive
and girls were gener-
ally gentle with the
robot.

Table 2.4: Studies of free dynamic interaction
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such as duration of interaction and the interactive distance. By
considering the dynamic free interaction of children, such stud-
ies are able to reliable evaluate children’s engagement with the
robot. Such methods of assessment are reported to be efficient
with children due to the uncontrolled nature of the experiments.
Children are free to approach the robot, spend as much time
with the robot as they like, and leave as soon as they want to.
During controlled experiments regardless of the their location
(home or school) children are prone to feel shy or nervous due
to the experiment, which potentially might effect subjective and
objective evaluation. In contrast, observational studies are usu-
ally conducted with children that are engaged in an activity at
the familiar or public environment. In such settings, children
exhibit dynamic natural interaction with social robots. This
makes it possible to account for the duration of the interaction
and child-robot spatial information such as proximity, which
serve as an excellent proxy by which to evaluate children’s en-
gagement with the robot. In addition, public environments are
often populated with a large number of people of a wide age
range, which addresses some challenges discussed in the previ-
ous section. Such metrics provide reliable and interesting data,
and the studies of such nature need to be employed more often
in the field of cHRI.

2.3.7 Concluding Summary

The studies presented show that, in the last few years, signif-
icant research has been undertaken towards in seeking to un-
derstand how social robots can be improved in order to engage
children in supportive and bonding relationships. Neverthe-
less, this is a very recent area, which means that most of the
presented studies were exploratory. However, the majority of
the experiments was to gain familiarity with the environment
where the robots would be placed, and to better understand the
nature of the situations that may arise when children interact
with these robots for extended periods of time.
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The preferred data collection methods reflect the exploratory
nature of these studies: video observation and interviews were
often preferred to other quantitative methods such as question-
naires. This also happened because in most studies the sample
size is limited (which is understandable given the difficulties
in recruiting child participants) and it is more informative to
analyze user’s behaviour and open-ended answers. However,
when video material was collected, a deep analysis of all the
interactions is usually inexistent, because video annotation is
very time consuming.

In contrast, a number of studies utilized observational exper-
iments where children were free to engage in natural interac-
tion with social robots. Such study method allowed to account
for the duration of interaction, child-robot proximity and estab-
lish behavioral patterns. In addition, such child-centered field
studies allowed to gather a large number of participants in a
relatively short period of time.

Even though evidence suggests that children are willing to
engage and interact with robots, there is still a lot of work that
needs to be done, for instance in terms of understanding those
social capabilities that robots should be endowed with so as
to engage users in public environments such as hospitals, ed-
ucational institutions, and play centers. Since public environ-
ments are populated with children of varying age and gender
groups, the aforementioned projects have not accounted for the
challenges this creates. A number of studies confirm that chil-
dren’s perception of the robot changes with age since the way
children related and behaved around the social robots varied
significantly, which might be influenced by children’s develop-
mental differences. In addition, there were a number of studies
that concluded that children’s assessment and interaction with
the robot varied according to child’s gender. At the same time,
there were studies that did not find or comment on gender
differences. In cases where gender differences were discussed,
the experiments utilized humanoid robots, the Aldebaran NAO
and the KASPAR. It is possible to conclude that social robots
elicit varying reaction in younger and older children suggest-
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ing that children’s perception of the robot changes with age.
In contrast, the aforementioned studies do not provide enough
evidence to conclude that boys and girls relate to social robots
in significantly different ways. Whether it only happens with
humanoid robots and what are the reasons behind these gen-
der differences? Do such gender differences change as children
age? These questions can not be answered without surveying
theories from developmental psychology. For this reason, next
section of this chapter introduces the theories on gender devel-
opment with the aim to establish hypotheses for this thesis.

2.4 theoretical background

This section presents a brief review of gender development and
some work that explores the notion of psychological processing
of synthesized speech. Since gender is one of the most salient
social cues manifested in human speech, social responses to
the perceived gender of the synthesized speech and its related
concepts are addressed in this section.

2.4.1 Children’s Gender Development

Child developmental scientists are concerned with how and
why behaviors emerge and change over time, and gender de-
velopmental scientists narrow their focus to the study of the
origins of gendered behavior and gendered thinking. Gender
developmental researchers, similar to other developmental re-
searchers, focus on questions of change over time [88]. The late
1960s through the 1970s marked an important turning point
in the field of gender research, including theory and research
in gender development. A review of the last 35 years of re-
search by Zosuls et al. (2011) [151] carefully examines the trends
in research on gender development and presents a descriptive
assessment of articles published on gender development over
time.
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From a very early age children start to identify and establish
categories based on gender. By 6 months, children are able to
distinguish female voices from male voices. By 9 months, chil-
dren can differentiate between men and women in photos, and
by 11-14 months, they can link photographs of men and women
with voices [88]. Children develop these abilities before they
even begin to speak. A typically developing two-year-old starts
to comprehend gender categories and make gender-based clas-
sifications [57, 124]. And by age 5, children have already devel-
oped a constellation of gender stereotypes [88], which leads to
the mastered gender-based schema by the time children are 7

years old [57], [124]. It means that children often simplify the
world around them by categorizing and evaluating things or ac-
tivities according to gender [88]. Children also deliberately try
to get more knowledge about social categories that is associated
with their own gender group [116] and adjust their behaviors
to fit in with their own culture’s gender norms and stereotypes
[21].

2.4.2 Children’s Gender Segregation

Another review by Mehta and Strough (2009) [94] examines
gender segregation across the life span. Gender segregation
is referred to as the separation of boys and girls into same-sex
groups in their friendships and casual encounters [135]. Gender
developmental scientists consider gender segregation as one of
the most persistent and reliable of developmental phenomena
[116], which is well documented in [84, 85, 89, 95, 135, 151].
Mehta and Strough (2009) [94] concludes that gender segrega-
tion occurs not only in friendships, but also in other aspects of
normative developmental contexts such as classrooms.

In summary, trends in gender development [31] suggests that
children at different developmental stages demonstrate differ-
ent reactions with regard to children’s toys, activities, traits
and play preferences. In the years between preschool and pu-
berty, the free play of children occurs largely in sex-segregated
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groups, which is depicted as a group phenomenon, essentially
unrelated to the individual attributes of the children [85]. Stereo-
types tend to be rigidly held during childhood, so that sex dif-
ferences are perceived to be extreme and binding [56]. By 7

years most children show full understanding of gender con-
stancy. Until 7 and 8 years of age, gender stereotypes remain
very rigid, for example stereotypes regarding children’s toys,
activities, colours, traits and play preferences. Stereotypes are
stronger for boys than for girls. Segregation into same-gender
playgroups remains high and continues until early adolescence.
There is also a strong negative reaction to cross-gender behaviour,
especially when it involves cross-gender appearance. After 7 to
8 years of age, knowledge of gender stereotypes continues to
increase, but stereotype rigidity gradually decreases. Children
begin to understand the cultural relativity of gender norms.
According to Cook [31] (2003), acceptance of cross-gender be-
haviour and appearance increases during middle primary school.
In addition to it, from 9 to 11 years of age, differences are found
or increase in the emotional expressiveness, emotional percep-
tions, and self-esteem. Girls show more and earlier stereotype
flexibility than boys. Flexibility of gender stereotypes increases
at least up to early adolescence [31]. From 12 years and older,
reactions to cross-gender behaviour and appearance become
more negative, reversing the trend seen up until adolescence.

2.4.3 Theory of Doubly Disembodied Language

Speech is a primary tool in human communication. Vocal as-
pects within speech enable people to determine socially rele-
vant cues [97], such as gender [96] and emotions [15] [138], as
well as social and racial background [99].

With the advancement of socially interactive technology peo-
ple more and more often interact with speech from non-human
origins, such as from virtual agents and social robots. This
change in communication patterns poses the question of how
people respond to speech of non-human origin [99]. One angle
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from which to approach this question is to find out whether
people respond to social cues within synthesized speech [74].

Synthesized speech is a simulated speech generated by com-
puters or other electronics, instead of by natural means such as
the human voice [74]. Recent advances in synthesized speech
have achieved an intelligibility level comparable to real human
speech: text-to-speech solutions vocalize speech with authentic
and original voices that express meaning and intent. In addi-
tion, these text-to-speech solutions also provide the prosody of
the human speech: a grammatical and syntactic analysis en-
ables the system to define how to pronounce each word in or-
der to reconstruct the sense [6]. As a result, these synthesized
voices sound natural and express a particular accent and resem-
ble narrator’s personality.

The theory of doubly disembodied language [30, 73], which
is based on the theory of social agency [91–93], adopts the
view that synthesized speech is processed as a means of so-
cial communication, rather than a simple information deliv-
ery tool. Lee (2004) [73] concludes that people automatically
imagine social characteristics of a speaker, such as gender, age,
and personality, when they are engaged in disembodied (e.g.
prerecorded human speech, written text), and doubly disem-
bodied (e.g. synthesized speech; communicating with software
agents or robots) communications, because humans cannot pro-
cess language without identifying the source either consciously
or subconsciously [30, 74].

2.5 gender similarity attraction in hci and hri

According to similarity attraction theory [74], people tend to
exhibit similar gender favoritism in their daily life social inter-
actions [45]. Nass and his colleagues have well documented the
desirability of same-gender interactions within Human-Computer
Interaction (HCI) [98, 99, 112].

When examining responses of 80 fifth-grade elementary school
children to computer-synthesized speech in educational media
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in an experiment by Lee et al. (2007) [74], 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 children’s own gender.

Another study by Ozogul et al. [104] 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 at-
traction 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 [32, 41, 122]. An investigation of
the perceptions of a gendered humanoid robot [107] 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 ex-
plored by Siegel et al. (2009) [129] concluding that adults were
more often persuaded by a robot of the opposite gender 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 (2006) [146] indi-
cated the importance of gender in structuring even small details
of human-robot interactions such as specific physical character-
istics of robotic models, such as color and shape.

2.6 concluding remarks

With the development of socially interactive technology for chil-
dren, in particular with the widespread increase of cHRI re-
search and practices, children will increasingly interact with
synthesized speech. There is a preliminary evidence that voices
in socially interactive technologies is important to impressions
formed and acceptance of the interface. However, to date the in-
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fluence of voice has received less attention in robotics research
compared with the influence of robot embodiment [133].

As one of the first attempts to address the limitations in the
literature of social robotics, this thesis aims to investigate how
children respond to a perceived robot’s gender. In contrast to
HCI, an additional modality presented to HRI is robot’s embod-
iment.

Gender development theory has a variety of dimensions such
as gender traits, gender roles, toys suitability stereotypes, peer
preference, and others. Most of these appear at certain devel-
opmental stages [56]. In addition to investigating the impact
of gender development within child-robot interaction, this the-
sis aims to understand whether children’s gender segregation
with a social robot is influenced by children’s peer preference
or their choice for a suitable toy.

This chapter aimed to review related work on child-robot in-
teraction research. The majority of studies have focused on
examining how to prolong a child’s bonding relationship and
maintain a child’s interest over time. Indeed, it is important
to create a robot for long-term interaction to create an effec-
tive robotic tool for learning and therapy. Most of the previous
work concluded that children perceived the robot as a friend or
a peer and that the robot seemed to establish social and bod-
ing relationships much quicker than an adult therapist or an
educator.

However, the central research question of this thesis of whether
children prefer to interact with a gendered robot that is simi-
lar to them. If it keeps children engaged and motivated for a
longer period of time, then cHRI research and practices need
to consider manipulating the gender of the robot to suit chil-
dren’s preferences. Those studies conducted thus far in HRI in
order to investigate gender effect are performed with either on-
screen agents or social robots that have only considered adult
users. Consequently, research is still needed, which will specif-
ically investigate gender effects in cHRI. In addition, synthe-
sized speech might be a powerful tool for manipulating robot’s
perceived age and gender to evoke gender associations in chil-
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dren. The following chapters are going to investigate these re-
search questions and address these research goals.



3
G E N D E R S E G R E G AT I O N W I T H S O C I A L
R O B O T S

The goal of this thesis is to investigate the role of gender in
interactions between children and social robots. The motiva-
tion for studying whether children’s development influences
their interaction with the robot comes from the extensive liter-
ature detailed in the previous chapter, which highlighted the
role of trends in gender development on children’s choice of
peers, activities and play preferences. Despite the increase of
cHRI research, little is known about children’s responses to
a robot’s gender across age and gender groups. The previ-
ous chapter provided a few examples of empirical findings of
age and gender differences in child’s learning [61, 64] and en-
gagement [44, 121] with social robots. However, the question
of whether the perceived robot’s gender affects the way chil-
dren engage with the robot is still unexplored. This chapter
attempts to address this limitation by empirically examining
children’s social responses to a gendered robot. After present-
ing in more detail the robotic platform, this chapter firstly de-
tails evaluation of manipulation design; a study of children’s re-
sponses about their perception of robot’s gender and age which
are manipulated with the help of synthesized gendered voices.
Thereafter, with the aim to explicitly investigate the influence
of gender on children’s perception of a social robot, this chapter
presents an experiment that questions the role of gender segrega-
tion within child-robot interaction.

3.1 research platform

This research makes use of the NAO humanoid robot (Figure
3.1) created by Aldebaran Robotics as a common development

43
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Figure 3.1: Humanoid robot NAO

and evaluation platform. This robot platform has been used
in a number of recent European projects such as ALIZ-E [134],
DREAM [11], and SQUIRREL [8]. Using such a shared plat-
form facilitates the exchange of code and the transfer of re-
sults. 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
children [19].

NAO’s default voice (Operating System version 1.x) is an arti-
ficial child male voice, namely Kenny. However, artificial voices
are often difficult to understand [133], to express meaning and
intent and to relate to. In contrast, synthesized speech is a sim-
ulated 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 [74].

Aldebaran Robotics states that NAO and other company’s
robots are gender-neutral i.e. have no gender [7]. However, the
company refers to NAO as “him" on its website. In contrary,
Belgian company Zorabots [5] designed the Zora software run-
ning on a NAO robot to have a personality and behaviours of
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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 and USA. In Aldebaran Robotics’ press re-
lease [7], it states that people tend to assign a varying gender
to NAO, depending on individual perceptions and cultural dif-
ferences.

The colour of our NAO robot is orange, which is categorized
as gender-neutral in the research of colour and toys [16]. There-
fore, the assignment of the robot’s gender is decided to be ma-
nipulated with a gendered voice rather then modifying its ap-
pearance.

3.2 evaluation of manipulation design

Prior to conducting experiments with gendered NAO, the va-
lidity of this robot’s age and gender representations needed to
be tested with children when the NAO robot utilizes a partic-
ular synthesized speech. This section presents the study that
aims a) to explore whether four synthesized child voices in a
body of a humanoid NAO robot have their intended effect; and,
since there are only UK and US English accents available, b) to
identify the preferences of Irish children for the robot’s voice,
its accent and the personality to be used in the subsequent ex-
periments of this thesis.

3.2.1 Methodology

The study was conducted in a primary school in the northern
area of Dublin with 64 children, 35 girls and 29 boys, aged
between 8 and 11 years old. 30 children were 8 years old, 27

children were 9 years old, and 7 children were 11 years old.
The children were divided into two sample groups of 32 each
in order to conduct the study in a form of focus groups, which
saved time. Children were old enough to be able to have an
effective focus group setting [29]. However, contrary to typical
focus groups’ discussions, children marked their perceptions
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Figure 3.2: Study setup. Photo taken after the study when children
had a chance to ask questions about the robot.

and opinions on their individual pictorial questionnaires (Fig-
ure 3.3).

3.2.1.1 Method

A repeated measures design was utilized, in which all of the
participants in each group experienced all voice conditions. The
robot performed two animated stories ,“Three Musketeers" and
“Monkey King", that are available at the NaoStore [2]. Each
group of children saw the robot performing each story twice:
“Three Musketeers" was told with two male voices and “Mon-
key King" with two female voices. The order of each gendered
voice was different for each group to prevent order effects by
counterbalancing the order of the gendered voices.

3.2.1.2 Conditions

The synthesized voices exploited for this study are four child
voices: two female voices, Rosie (English UK) and Ella (English
US), and two male voices, Harry (English UK) and Josh (En-
glish US). These voices are available from Acapella Group [6],
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Figure 3.3: Example of questionnaire questions

which 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 grammatical 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 natu-
ral, express a particular accent and resemble the narrator’s per-
sonality [6]. The Acapella Group toolkit was used to produce
two versions of the speech utterances for each story: two male
voices, Josh (English US) and Harry (English UK), and two fe-
male voices, Ella (English US) and Rosie (English UK). Voice
was the only quality of the robot that was varied in the assign-
ment of the gender. The robot’s gender-neutral appearance was
not modified, nor was any aspect of the robot’s behaviour.

3.2.1.3 Measures

Pictorial questionnaire (Figure 3.3) was used by children to
state their age and sex and to indicate the robot’s perceived gen-
der (female vs. male) and age (primary school vs. secondary
school vs. adult) of the robot at every voice condition.

3.2.1.4 Procedure

The study took place in a large classroom where children sat
upon the floor (Figure 3.2). They were given pencils and small
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Figure 3.4: Percentages of children’s responses to perceived gender
of male voices: Josh and Harry. Error bars represent 95%
Confidence Interval. *** indicates significance at the 0.01

level.

pictorial questionnaires (Figure 3.3). In accordance with Clark
(2011) [29], the following explanation was provided to children:

When I ask you a question, it’s not like I am a
teacher. Have you noticed that teachers often ask
you questions, but they already know the answers,
like ‘What’s 2+2?’. When I ask you a question, you
are the one who knows, and I’m trying to learn.
By the way, different people think different things
a lot of the time. For example, tell me your favorite
colour! [Usually different colours are yelled]. See,
you all think of different things, and that’s great. So
to answer these questions, circle the picture you re-
ally, truly think is correct, even if it’s different from
everybody else.

3.2.2 Results

In order to test for statistical significance in children’s percep-
tions of the NAO’s synthesized voice belonging to a particular
gender and age group, we used a series of nonparametric chi-
square analysis to find the differences between percentages of
children’s categorical responses.
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Figure 3.5: Percentages of children’s responses to perceived gender
of female voices: Ella and Rosie, Error bars represent 95%
Confidence Interval. *** indicates significance at the 0.01

level.

3.2.3 Robot’s Perceived Gender

Manipulations are successful for all voice conditions in terms of
perceiving NAO’s gender: children perceived the NAO robot
as male in both male voice conditions. Figure 3.4 illustrates
that the NAO robot communicating with synthesized Josh and
Harry voices was perceived as being clearly a boy: x

2(1,N =

64)= 42.25,p< .001 for Josh’s gender and x

2(1,N= 63)= 51.571,p<

.001 for Harry’s gender. 90% and 95% of respondents perceived
the NAO robot as a boy with Josh and Harry voices respec-
tively.

While Figure 3.5 illustrates that the NAO robot communi-
cating with synthesized Ella and Rosie voices was perceived as
being clearly a girl: x2(1,N= 63)= 15.254,p< .001 for Ella’s gen-
der and x

2(1,N = 63) = 15.254,p < .001 for Rosie’s gender. For
both female voice conditions, 70% of respondents perceived the
NAO robot as a girl.

3.2.4 Robot’s Perceived Age

Manipulations are successful for all voice conditions in terms
of perceiving robot’s age: children perceived the NAO robot
as a child in both gender voice conditions. Figure 3.6 illus-
trates that the NAO robot communicating with a synthesized
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Figure 3.6: Percentages of children’s responses to perceived age of
male voices: Josh and Harry, Error bars represent 95%
Confidence Interval. * indicates significance at 0.05 level.
*** indicates significance at the 0.01 level.

Harry voice was perceived as being clearly a child: x

2(1,N =

63) = 51.571,p < .001 for Harry’s age. However, in a Josh voice
condition there was a significant difference between primary
vs. secondary school age groups and primary vs. adult age
groups: x

2(2,N = 64) = 7.719,p < .05 for Josh’s age. However,
Josh was not perceived as a primary school child by most of
the respondents. In fact, Figure 3.6 shows that NAO with the
voice of Josh was perceived by majority of children (85%) as
either a secondary school child (45%) or an adult (40%). Since
all participants were in primary school, they thought of NAO
as older than them when using the Josh voice. On the other
hand, Harry voice condition has a different correlation: NAO
was perceived to be in a primary school age group by 40% of
participants and as a secondary school child by 50% of respon-
dents. Having contacted Acapella Group, boys who narrated
the voices of Josh and Harry were eleven years old at the time
of recording i.e. primary school age group.

Similarly, Figure 3.7 presents a correlation of responses for
NAO’s age group with female voices. The NAO robot commu-
nicating with synthesized Ella and Rosie voices was perceived
as being clearly a child: x2(2,N= 63) = 50.00,p < .001 for Ella’s
age and x

2(2,N = 62) = 20.742,p < .001 for Rosie’s age. Con-
trary to male voices, female voices were perceived to be of a
primary age range by 75% and 55% of respondents in Ella and
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Figure 3.7: Percentages of children’s responses to perceived age of fe-
male voices: Ella and Rosie, Error bars represent 95% Con-
fidence Interval. *** indicates significance at the 0.01 level.

Rosie conditions respectively. The girl that narrated Ella voice
was nine years old while Rosie was ten years old at the time of
recording.

3.2.5 Voice Preference

Finally, Figure 3.8 illustrates children’s preference for a partic-
ular voice, its accent or personality. Child male voice Harry
is significantly preferred by children in comparison to Josh
voice: x

2(1,N = 64) = 22.563,p < .001. Similarly, children’s re-
sponses indicate statistically significant preference towards gen-
uine child female voice Rosie (i.e., x

2(1,N = 61) = 10.246,p <

.001) when compared to Ella voice.

3.2.6 Discussion

With the aim to evaluate our manipulation design, this study
analyzed children’s responses of perceived NAO’s age and gen-
der when it communicated with four child synthesized voices.
The intended effect of controlling age and gender of the NAO
robot by changing its synthesized voice was successful with
children aged 8-11 years old. NAO was perceived to be a boy
when it spoke with Josh and Harry voices by the significant ma-
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Figure 3.8: Percentages of children’s preference for a particular male
and female voice. Error bars represent 95% Confidence
Interval. *** indicates significance at the 0.01 level.

jority of respondents. And when it spoke with Ella and Rosie
voices, it was perceived to be a girl by the significant majority
of children.

In addition, the findings conclude that voices of Harry and
Rosie with UK English accents are significantly preferred over
Josh and Ella of US English by children in the Republic of Ire-
land. As a result of this evaluation, Harry and Rosie voices
will be utilized in every consequent study presented in this the-
sis in order to effectively manipulate the gender of the NAO
robot. Finally, this study could serve as a preliminary evidence
that children aged 8-11 years old are able to evoke gender and
age associations in a social robot when it communicates with a
synthesized voice.

3.3 studying gender segregation with social robots

The outcomes of the previous study strengthened our hypothe-
sis that children assign age and gender to social robots, which
preliminary confirms that the theory of doubly disembodied
language proposed by Lee and Nass [73] for HCI is also ap-
plied to young children for HRI. Thus, with the experiment
presented in this section we aim to explore how gender of a so-
cial robot might influence children’s opinion and engagement
with it. In particular, we aim to investigate if children will fol-



3.3 studying gender segregation with social robots 53

low the same tendency of gender segregation when playing with
a robot of a matching gender.

3.3.1 Research Questions and Hypotheses

Developmental research on gender [89] suggests that as early as
preschool, children report feeling more positively about their
own gender [148], and differential liking is also seen among
older children [54], [142]. However, findings are mixed regard-
ing age trends: for example, Egan & Perry (2001) [38] and
Powlishta et. al. (1994) [108] suggest that intergroup biases
decline in primary school while Yee & Brown (1994) [148] do
not show the decline in liking the in-group better, at least not
until early adolescence [142].

This gender development research motivates the goal of the
experiment to gather information about gender effects with
children and social robots. Do children respond to ingroup/out-
group gender segregation with social robots in the same man-
ner as with other children? How do children’s evaluations of
the gendered robots change with age? Are there any gender
differences in social interaction with gendered robots?

These research questions fuel the following hypotheses:

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

• H2: A match between perceived robot gender and partici-
pant’s gender will have a positive effect on social interac-
tion 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).
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• H5: There will be Age x 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).

3.3.2 Method

The experiment was conducted over a three-week period and
involved three meetings with a robot (i.e. one meeting once a
week) for each child participant. All participants were assigned
to a condition in a 2 (age group) x 2 (child gender) x 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 min-
utes on three separate occasions one week apart. One week, the
robot had a Rosie voice, another week the robot had a Harry
voice, and the final week the child got to choose what voice
the robot would have. A three-phase counterbalancing method
was implemented to reduce the chance of the order influencing
the results. Half of the children interacted with the Rosie voice
first, the other half of the children interacted with the Harry
voice first. Half of the children interacted with one version of
the game first (Shapes), another half of the children interacted
with the other version of the game first (Animals). Counterbal-
ancing 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 con-
ditions was otherwise random for any particular child. The
questionnaires, facial expression data and children’s choice for
the robot were the main source of dependent variables. Four
independent variables were used: the effects of gender match-
ing (same-gender or opposite-gender interaction), age group
(younger (5-8 years) versus older (9-12 years) children), child
gender (male versus female), and robot voice gender (male ver-
sus female).
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3.3.3 Participants

A sample of 107 children was recruited from local primary
school in the south Dublin area. The children came from di-
verse racial and socio-economic backgrounds and all were na-
tive or fluent English speakers. Children belonged to four classes:
27 children were senior infants (5- and 6-year-old), 22 students
in year 2 (7- and 8-year-old), 22 children were fourth graders
(9- and 10-year-old), 25 students in year 5 (11-year-old) and 11

six graders (12-year-old). Table 3.1 presents the breakdown of
participants by age and gender.

Table 3.1: Breakdown of participants by age and gender

Grade level Age (y.o.) Gender Total Group total
Female Male

Senior infants 5 1 1 2

27

6 12 13 25

Year 2

7 2 2 4

22

8 8 10 18

Year 4

9 3 3 6

22

10 7 9 16

Year 5 11 12 13 25

36

Year 6 12 6 5 11

Total 107

This research was approved by the University College Dublin’s
ethics committee for studies involving child participants (ap-
proval code LS-13-53-Sandygulova-OHare). Informed consent
was obtained in writing from all children and their parents,
participating in the study. Supporting information included In-
formed Consent Form for Children (Appendix A), Informed
Consent Form for Parents/Guardians (Appendix B), Informa-
tion Leaflet (Appendix C), Questionnaires used before and after
the experiment (Appendices D-G).
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Figure 3.9: Children are playing Shapes (left) and Animals (right)
card interactive games with the NAO robot.

3.3.4 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 Figure 3.9). The sec-
ond experimenter controlled the launch of each session through
an iPhone application. This made the robot seem fully au-
tonomous. As the child sat at the table, the NAO woke up
and greeted the child.

3.3.4.1 First Two Meetings: Shapes/Animals Game

There were large cards lying on the table with printed pictures
in between the robot and a child. As the robot asked for a par-
ticular 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 An-
imals. Only one version was played at one meeting with the
robot. The Shapes version had pictures of a moon, a tree, a
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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 An-
imals version. The game logic, robot’s verbal and non-verbal
behaviours were otherwise exactly the same between meetings.

The game utilized of the robot’s text-to-speech, face and im-
age recognition engines. These games are available at the Nao-
Store [2]. Throughout the game, the robot performed a series
of relevant emotions of happiness, approval or sadness with
the use of arm gestures and head movements. 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 dialogue:

NAO: 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).

Child: (child picks up and shows a particular card to the robot)

NAO: Yes. That is a butterfly! What’s about showing me a puz-
zle (random shape or animal)?

Child: (child picks up and shows a particular card to the robot)

NAO: Of course, that is a puzzle. Now, please show me a trian-
gle (random shape or animal)!

Child: (child picks up and shows a particular card to the robot)

NAO: Yes, that is a triangle! What about showing me a moon
(random shape or animal)?

Child: (child picks up and shows a particular card to the robot)

NAO: 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!
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3.3.4.2 Final Interaction Session: Stories

For the final meeting, NAO performed a story of a child’s
choice: “Three Musketeers" or “Monkey King". These behaviours
are available at the NaoStore [2]. In addition 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.

3.3.5 Conditions

According to the findings from the manipulation design study,
robot’s speech utterances were produced utilizing Acapella Group’s
children voices of English UK: Harry (male voice) and Rosie (fe-
male voice).

3.3.6 Measures

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

Questionnaire
Guidelines for designing child-centered questionnaires have

been carefully summarized by both Bell [18] and Markopoulos
et. al. [87]. Firstly, the child has to comprehend and be able to
retrieve the questions. Secondly, the scales should use pictures
that are easy to interpret. Research also shows that children
have a strong primacy effect when answering questions, so the
child might consistently choose the first or last item on a scale
just because he/she did this before [18]. The suggestion to
overcome this is to make the scales different for each question
and explain this to the child [18]. These and other things were
taken into account when designing our questionnaires.

In order to choose the pictorial representations of scales, sev-
eral versions of pictorial Likert scales were explored: Wells’ 7-
Likert “smiles scale", used to elicit consumer preferences from
children [144], Read’s 5-Likert Smileyometer [87], the 5-Likert
Self-Assessment Manikin (SAM) used to rate the affective di-



3.3 studying gender segregation with social robots 59

Figure 3.10: Smileyometer (top) and Self-Assessment Manikin (SAM)
(bottom).

mensions of valence [24], and Wong-Baker FACES pain rat-
ing 6-Likert scale [9]. In the end, our questionnaire utilized
5-Likert Smileyometer scale (Figure 3.10 top) and the 5-Likert
Self-Assessment Manikin (SAM) (Figure 3.10 bottom) since both
of these scales use 5 points and one of them is reversed to ac-
count for the primacy effect [18]. What is more, both of these
scales have been previously used in the literature of cHRI to
assess social robots specifically with children [19, 75].

Similar to Belpaeme et. al. (2012) [19], we included two ques-
tions to compare the robot to force-choice descriptors and to
compare the perception of the robot as a social actor (see Social
Pie Chart [19], Figure 3.11).

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 (Appendices D-G) 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 evaluat-

ing children’s attitude toward the interaction experience, there
was a camera placed in front of the child capturing facial ex-
pressions for real-time emotion analysis. In order to choose the
best emotion analysis software tool, we referred to an extensive
review by Pantic and Rothkrantz (2000) [105], which discusses
different techniques and research related to the visual emo-
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tion detection process. Katibeh (2013) [63] performed an anal-
ysis of off-the-shelf face-based software packages where she
compared Luxand FaceSDK [83], myAudience-Measure [101],
VeriLook SDK [102], VeriLook Surveillance SDK [103], Mega-
Matcher SDK [100], FaceL [23], faceAPI [79], and SHORE [47]
performance capabilities. However, only a few of these solu-
tions supported facial expression analysis: myAudience-Measure
[101], faceL [23], and SHORE [71]. However, only myAudience-
Measure [101] and SHORE [71] worked in real-time. In the end,
Katibeh (2013) [63] utilized the Sophisticated High-speed Ob-
ject Recognition Engine (SHORE) [39] due to multiple people
tracking functionality with the aim to deploy the system on the
FurHat robot [42] .

In a similar review work by Alonso et. al. (2013) [12], CERT
[81] and SHORE were the final candidates for deployment in
their multi-modal emotion recognition system. However, a thor-
ough comparison of these systems on the same dataset and
in the same lighting conditions, the calculated average success
rate for SHORE’s four emotions was 75.55% while the average
for CERT was 62.66%. It should be noted that Alonso et. al.
(2013) [12] ended up combing two systems on their Maggie
robot [120].

To sum up, when compared to other face-based emotion
recognition solutions, the Sophisticated High-speed Object Recog-
nition Engine (SHORE) is reported to provide the best perfor-
mance [12, 63]. This package gives the intensity values of the
following emotional states: happiness, sadness, surprise and
anger. According to Alonso et. al. (2013) [12], 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 sec-
onds of interaction i.e. greeting, introduction and invitation to
play the game. This was to ensure that this measurement is
not affected by the game flow. The intensity score of the ex-
pressed Happiness [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
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Figure 3.11: Social pie chart

smiles during these ten seconds, which is reported as Percent-
age of Smiling. However, in addition to SHORE’s data, first
ten seconds of all interactions were also manually video coded
by the researcher.

As a result of careful consideration of questionnaire scales
and emotion analysis tools, the following measures were uti-
lized in this study:

• Perceived Robot Gender

• Perceived Robot Age Group

• Gender of child’s most good friends

• Pre-and Post-Mood: change in mood due to the interac-
tion with two measures such as "Self-Assessment Manikin
(SAM)" (Figure 3.10 bottom) and the Smileyometer (Fig-
ure 3.10 top).

• Valence: ratings of Enjoyment and child’s stressfulness
(Feeling) when playing with the robot (5-Likert pictorial
scale)

• Likeability: ratings of robot’s perceived Friendliness and
Kindness (5-Likert pictorial scale)

• Robot Type: the robot is compared to forced-choice de-
scriptors [19]
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• Social Actor: perception of the robot as a social actor (see
Social Pie Chart [19], Figure 3.11)

• 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

3.3.7 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 central
area of the room at the large table. A web camera was behind
the robot to the left recording the front of the children to en-
able the capture of facial expressions and eye gaze. The robot’s
movements involved moving its arms and head, otherwise it
was always stationary sitting. Cards were placed on a table in
between the robot and a child necessary for the game. There
was a table with questionnaires across the room from the en-
try 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 right corner of the room and was
responsible for the timely launch of the robot’s behaviour, but
was as non-reactive as possible in order to avoid interferences
with the experiment. Experimental setup and room layout is
illustrated in Figure 3.9 and Figure 3.12.
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Figure 3.12: Room Setup

3.3.8 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 interaction). 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 [29]. It was to en-
sure that all the children had the background of the robot prior
to the experiment, as having varying beliefs could affect the
results [29]. In that introduction, it was explained that they
would be expected to spend about ten minutes interacting 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 par-
ticipant was called out of the class and walked with the first re-
searcher for approximately two-three minutes to the room with
experimental setup (Figure 3.12). While walking with the child,
the researcher started with an icebreaker warm-up talk neces-
sary to relax and engage the child. Cindy Dell Clark (2011)
[29] in her book on doing child-centered qualitative research,
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“In a Younger Voice”, suggests that it is a good idea to start by
getting to know each other’s name, child’s age, whether they
have any siblings and the young person’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/the
middle/the only one?” Children often have a lot to say about
the privileges and problems of their sibling position [29]. A lot
of children had their siblings studying in the same school, who
were 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 questions
about their age, gender and mood prior to the interaction with
the robot. After the first questionnaire (Appendix D) was filled
in, children were invited to sit at the table with cards facing
the robot. After the interaction, children were asked to fill in
the second questionnaire (Appendix E). 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
a debrief as a class to explain how the NAO robot works, pre-
sented with some demonstrations and given opportunity to ask
questions.

3.3.9 Results

The first part of this section reports the results of the conducted
manipulation 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.
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Figure 3.13: Overall robot gender classification based on voice.

3.3.9.1 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 characteristics.

Perceived Robot Gender
Then it was assessed, whether the perceived robot gender

corresponded with the intended robot gender. The data from
Figure 3.13 show that when the robot used Rosie’s voice, 21 par-
ticipants classified it correctly as female, while 28 participants
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
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Figure 3.14: Robot gender classification by younger (left) and older
(right) children. Rosie was classified as male by the ma-
jority of young children.

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 identify 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 classifi-
cation by two age groups, younger children and older children,
is presented in Figure 3.14 (left) and Figure 3.14 (right) respec-
tively. 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 gen-
dered 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 accordance 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
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to be male when the robot spoke with Harry’s voice and it was
perceived to be female when the robot spoke with Rosie’s voice.
There were 23 participants (10 female and 14 male) that satis-
fied this final manipulation check. Again, girls and boys did
not have a significant difference in their ability to evoke gen-
der association (x2(1,N= 96) = 0.625,p= 0.63). However, there
was a statistically significant difference 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 association between the child’s gen-
der and their friend’s gender, x2(2,N= 100)= 67.77,p<0.001,phi=
0.823.

3.3.9.2 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 analy-
sis. Thus, this section reports the results of 55 children: 22 girls
and 33 boys. Secondly, all remaining participants were classi-
fied 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. Sim-
ilarly, all remaining participants were classified into two age
groups based on their grade year: younger children (senior in-
fants and 1st year students) and older children (2nd year, 3rd
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year and 4th year 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 de-
pendent variables overall and within groups (i.e. gender, age
group, robot gender, and robot condition) to check the assump-
tion of normality. All scores were significantly non-normal at
0.001 level. Consequently, non-parametric tests were used for
the statistical data analysis presented in the next sections. It
should be noted that overall Average Expressed Happiness scores
were significantly non-normal. However, when normality was
analyzed on each category separately, the scores did not devi-
ate significantly from normal (p > 0.05). Raw data is provided
in the Appendices H - L.

Pre-and Post-Mood
First it was tested, whether the two mood measures (Smiley-

ometer 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=.17, p=.21) and between the two post-intervention
measures (r=.03, p=.81) for the first encounter. For the second
encounter, the items correlated more strongly, with medium-
sized significant correlations for the pre-intervention measures
(r=.31, p=.03) and the post-intervention measures (r=.45, p=.002).
Overall, the results indicate that the two mood measures as-
sessed different aspects of mood and thus constituted two inde-
pendent 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 com-
parisons showed no significant effect on participants’ ratings
between same-gender and opposite-gender groups (Hypothesis
2). Secondly, the difference in ratings between age groups was
not significant. Thirdly, there was no statistically significant dif-
ference between boys’ and girls’ ratings of mood changes. Fi-
nally, the difference in ratings between perceived robot gender
was not significant.
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In order to test Hypotheses 3 and 4, Age x Gender Matching
effect was explored with independent-samples Mann-Whitney
U tests for younger and older children. Change in mood mea-
sured by SAM did not differ significantly between gender match-
ing conditions, U = 19.00, z = -1.10, p = 0.38, r = - 0.26, for
younger age group. However, change in older children’s rat-
ings of mood before and after the interaction was 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 x Gender and Age x Robot
Gender effects were explored with separate independent-samples
Mann-Whitney U tests for younger and older children. How-
ever, we did not find significant differences in mood ratings be-
fore 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, Cron-
bach’s alpha showed poor (0.18) internal consistency of chil-
dren’s ratings of their Enjoyment and Feeling. Consequently,
these measures were analyzed as separate dependent variables.
Appendix I depicts histograms of the participants’ responses
for these questions.

Then, the same procedure of statistical analysis was conducted
for the ratings of Enjoyment and Feeling to test Hypotheses 2-5.
However, these ratings did not show significant interaction be-
tween independent variables retaining null hypotheses.

Likeability
The questionnaire results of children’s ratings of the robot’s

Friendliness and Kindness showed poor internal consistency with
Cronbach’s alpha score 0.58 for all participants. Therefore, these
results were considered within separate evaluations. Histograms
of responses for these questions are presented in Appendix J. A
series of Mann-Whitney tests was conducted to examine the ef-
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fect of gender matching, gender and age group on children’s
ratings of Friendliness and Kindness. We did not find any statis-
tical significance in interactions between groups for these mea-
surements 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.
Appendix K presents raw data of the responses for these ques-
tions.

There was a significant association between age groups and
what children replied for the Social Actor multiple choice ques-
tion: x

2(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 chil-
dren did not compare the 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 as well as between perceived male and female
robots. Robot Type measure did not evoke significant differences
between groups.

Percentage of Smiling
A series of independent-samples Mann-Whitney U tests was

conducted to compare Percentage of Smiling between groups.
We found a statistically significant difference between perceived
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 dur-
ing 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
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between age groups as well as between boys and girls. Finally,
Hypothesis 2 was not supported either i.e. child’s age had no
effect on smiling at the robot.

In order to test Hypotheses 3-5, Age x Gender Matching, Age
x Gender and Age x Robot Gender effects were analyzed with
independent-samples Mann-Whitney U tests for individual groups.
However, the differences in smiling were not significant retain-
ing 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 Ex-
pressed Happiness behavioral data between groups. The differ-
ence between same-gender and opposite-gender was not sig-
nificant. 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 con-
ducted which examined the effect of Age x Gender-matching
Interaction. The interaction between the effects of age and gen-
der matching was statistically significant, F (1, 45) = 4.64, p =
.037. There was a statistically significant interaction found for
younger children: (F(1, 14) = 6.06), p = .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.

Preference for the Robot’s Gender: Finally, a series of Pear-
son 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%
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(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 prefer-
ences depending on age: x2(2,N= 91) = 30.65,p < 0.001. A girl
robot and a boy robot were 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 chil-
dren 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 conducted
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 pref-
erence 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 respec-
tively. 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 sta-
tistically significant difference between boys and girls as indi-
cated 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.
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3.3.10 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 namely Rosie and Harry. This design of manipulations
was not successful in evoking gender and age associations in
younger children. In particular, the majority of younger chil-
dren (5-8 years old) perceived the robot as male. In contrast,
older children were able to successfully attribute age and gen-
der to the robot in correspondence with the synthesized voice.
These findings align themselves with the results from our de-
sign of manipulation study. Thus, these findings reject our Hy-
pothesis 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. Con-
sequently, we cannot generalize the results from questionnaires
and video coding analysis, thus we can’t accept or reject Hy-
pothesis 2 for younger children. As a result, we only discuss
the results for older children.

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

An important finding from behavioural data is the fact that
children reacted significantly more positively towards the fe-
male robot - regardless of their own gender. This finding sup-
ports our Hypothesis 2 for girls but not for boys suggesting that
Hypothesis 5 is true for older boys toward the female robot. As
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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 finding 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). Interestingly, 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 remaining 21.1% of older girls and 30.4% 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 (Figure 3.11). Similarly, 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 [31], 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 significantly 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 compared the robot to their sibling, stranger, class-
mate, relative, or teacher. These results suggest that younger
children were significantly less likely to consider a robot of
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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 seg-
regation [31, 56, 85], which rigidity starts to gradually decrease
after 7 to 8 years of age.

3.3.11 Limitations

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

It would help to measure pre-concept gender and age attribu-
tion of the robot. It would be useful to check whether this attri-
bution 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 conclusions about child-
robot interaction similar to the theory of doubly disembodied
language [72] but for young children.

Another limitation of our evaluation was 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.

Finally, it would be useful to know whether a particular child
has siblings of the opposite gender. This would help to inves-
tigate it further whether their preference for the particular gen-
dered robot is due to having siblings of the same gender.

3.4 concluding remarks

To shed light on the impact of children’s developmental ten-
dency of gender segregation within 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
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in two experimental conditions to either child male 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 vary-
ing 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 gender as them while older chil-
dren (9-12 years old) responded that the gender of the robot
did not matter to them. In contrast 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 study did not support our gender matching hypothesis
(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 ef-
fect. The children were obviously excited to interact with a
robot so their baseline is already near the top of the question-
naire with no room for them to show a dramatic change in the
responses. A similar explanation was reported by Chiasson [28]
who investigated Media Equation effect with children and simi-
lar to our findings, children did not show Media Equation effect
reported by Nass and Reeves’ previous studies with adults.

Another explanation could be the challenging nature of child-
centered research. Other researchers in the field of cHRI have
reported similar challenges [20]: "while adults can be probed
using questionnaires and self-reflection, children have the ten-
dency to try to please the experimenter, rather than answer
truthfully to survey questions. Likert scales always come back
with extreme responses, and children often try to second guess
the desirable response". Additionally, behavioural measures
such as facial expressions have their advantages but are also
subject to individual differences between children (expressive
vs. non-expressive interaction styles) [114].

This experiment has raised a number of questions, and fur-
ther work is needed in several directions to adequately deter-
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mine how gender affects children. First, the challenges of effec-
tively evaluating child-robot interaction need to be addressed
and alternative methods are required. Belpaeme et. al. [20]
identifies a number of interaction metrics that can be moni-
tored: duration of interaction, proxemics, structure of utter-
ances, compliance with robot suggestions and instructions. On
the other hand, behavioural analysis often involves video cod-
ing of behavioural data which is time-consuming when a large
number of children is involved. Since the approach of the re-
search presented in this thesis is to use an adequate sample size
in order to investigate gender effect, a challenge of automating
child-centred behavioural analysis will be addressed in the fu-
ture studies.

Second, we will look at the issue of children’s overall posi-
tive responses by finding tasks where the children’s baseline is
lower similar to Chiasson’s suggestion [28]. Our future studies
need to include a scenario that may be not particularly fun to
do and children might not otherwise choose to do it. These
studies could use a scenario about which children are not so
positive, to try and lower the baseline response.

Third, the synthesized voice did not evoke gender association
in younger children (5-8 years old). It is important to address
this limitation in the future studies by adding an additional
gender association such as the robot’s name. However, in or-
der to address dynamic adaptation “in the wild", we will con-
tinue to manipulate the gender of the robot with its synthesized
voice. Since voices of Rosie and Harry were significantly more
enjoyed by children in Ireland, and will thus be utilized in the
subsequent experiments.

To sum up, this chapter presents two studies that contribute
to cHRI community. First, synthesized voices evoke age and
gender associations in children older than 9 years. Younger
children were less likely to assign age and gender based on the
perceived synthesized voice. This findings contradict the theory
of doubly disembodied language [72, 73] for children younger
than 7-8 years old. However, our findings also support this
theory for children older than 8 years.
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Second, this experiment provides invaluable insights into how
challenging evaluation of child-centered research is. Children’s
responses for their choice of the robot condition was reliable
and the only measurement that was not subject to individual
differences observed in behavioural measures and previously
discussed limitations of questionnaires.

Third, the experiment provides strong support for creating a
social robot that can adapt to children’s preferences such as a
matching gender. However, robots deployed in public environ-
ments such as schools, hospitals and play centres will need to
interact with previously unseen children of different age and
gender groups. In order to adapt, these robots will need to
reliably determine children’s age and gender.

Child-centered research presented in the following chapters
considers child-centred qualitative methods as the main mea-
sures for the conducted experiments while continuing the re-
search direction of adapting the gendered voice of the robot
according to the age and gender of the child.
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4
A M E T H O D F O R A D A P T I V E I N T E R A C T I O N S

This chapter describes our proposed child-centered method for
supporting children’s preferences by adapting to every child’s
age and gender. The idea of creating a child-centered method
for estimating age and gender of children is motivated by the
findings presented in Chapter 3, which support our hypothesis
of age-related differences in children’s preferences for a gen-
dered robot. Majority of young children aged between 5 and 8

years old expressed their preference for interacting with a robot
of the same-gender. In contrast, majority of children of older
age group (9-12 years old) responded that they do not have a
preference for a particular gender.

In order for a robot deployed in public environments to com-
ply with children’s preferences, a robot need to determine what
age the child is. Based on the findings from the previous chap-
ter, a social robot needs to determine both child’s age and gen-
der in order to adapt its gendered voice to suit child’ prefer-
ences. This chapter details our child-centered method for age
and gender estimation using full-body depth data. First, a brief
review of the existing solutions is provided. It is followed by
the description of our method, data collection and discussion
of results.

4.1 approach

The generic adaptive framework for social HRI in which this
method is established is depicted in the flow chart of Figure
4.1. The loop consists of the perception and action parts of
the human-robot interaction system. First, the perception part
captures the raw signals of the person made by using differ-
ent sensors such as cameras, microphones, laser reading and

80
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Figure 4.1: Generic Framework for Social HRI

so on. Then, some feature representation methods are used to
characterize the signatures of the raw signals captured. Based
on the extracted features, some semantic understanding tasks
such as object tracking and recognition, speaker localization
and recognition, and scene understanding are conducted. Hav-
ing obtained the results of these semantic understanding tasks,
the robot evaluates the context of the interaction and generates
adaptive actions: verbal and nonverbal.

Our method for age and gender determination is achieved
by modeling 3D body metrics using information pertaining to
ideal proportions to find a number of intermediate attributes, to
which standard machine learning approaches are applied. To
underpin such approach, we collected and annotated a depth
dataset1 of 428 children, 276 boys and 152 girls, aged between
5 and 16 years old. To this end, a depth camera is utilized to
gather a dataset of 3D body metrics in real-world settings in
order to train standard machine learning algorithms.

1 https://goo.gl/dpxQ55
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4.2 state of the art

Figure 4.1 illustrates a child, whose face is detected by a face-
based third-party solution, namely the Sophisticated High-speed
Object Recognition Engine (SHORE) [71]. SHORE is developed
by the Fraunhofer Institute for Integrated Circuits (Erlangen,
Germany). The SHORE software package is able to detect and
track the position and orientation of faces of many users with
low CPU consumption and robustness regarding illumination
changes [39]. SHORE is able to identify users, estimate gender
and age, and detect user emotions, such as happiness, sadness,
surprise and anger. According to the review and comparison of
face-based algorithms for emotion recognition detailed in [12]
and [63], SHORE was utilized in our experiment detailed in
Chapter 3 for facial expression analysis.

In addition to manually video coding the reliability of SHORE’s
expressed happiness, we manually coded SHORE’s performance
for age and gender estimation of 107 children that participated
in the experiment discussed in the previous chapter. Since
we knew true age and gender of these children, we evaluated
SHORE’s estimation performance. Gender of children was cor-
rectly classified for 58.6% of children and age estimation had a
mean absolute error (MAE) of 4.98 years for children. Accord-
ing to the company’s website [47], SHORE has 94.3% success
rate for detecting gender and 6.85 MAE in years for age esti-
mation. These results were calculated on the BioID test set [59]
consisting of the frontal views of 23 different adult faces. This
face-based solution demonstrates great results for adult users
and not useful results for children.

Google patent on gender recognition using depth data by
Zhang and Kipman was published in March 2014 [150]. Un-
fortunately, there is no documentation on its gender detection
performance. Another recent work by Linder et al. (2015) pro-
posed a full-body gender recognition algorithm using depth
data that relies on 3D point clouds and predicts gender with an
average accuracy of 91% for standing persons and 87% includ-
ing walking people. This method was training on a dataset of
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118 people (54 male, 64 female) aged between 4 and 66 years
(mean age was 27 years old) [80]. Unfortunately, Zhang and
Kipman (2014) and Linder et al. (2015) do not report their gen-
der recognition results calculated for children.

As it happened with the performance of SHORE, recognition
accuracies might not be so high for young children. For this
reason, we propose a child-centered method for age and gender
determination utilizing commercially available depth camera.

4.3 microsoft kinect

A motion capture device, such as Microsoft Kinect2, is utilized
for human presence detection, human tracking and for retriev-
ing 3D body metrics that are particularly indicative of age and
gender. One of the core capabilities of the Kinect is the possi-
bility to capture a depth image (Figure 4.2). An infrared (IR)
emitter emits the light beams and the depth sensor reads the
beams reflected back to the sensor. The reflected beams are con-
verted into depth information measuring the distance between
an object and the sensor, thus capturing the depth image.

The Kinect for Windows SDK 1.8 includes a number of useful
functionalities, which can be used to sense human users includ-
ing skeletal and facial tracking, and voice and gesture recogni-
tion. Current version of the skeletal tracking function enables
to recognize people and follow their actions. Using the IR cam-
era, the Kinect can detect up to six people in the field of view of
the sensor. Of these, up to two people can be tracked in detail.
The Kinect application can locate the joints of the tracked users
in space and track their movements over time. The next section
details our child-centered methodology for age and full-body
gender determination using depth data.

2 http://www.microsoft.com/en-us/kinectforwindows
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Figure 4.2: Depth data of a 6 y.o. girl (left) and an 8 y.o. boy (right)

4.4 methodology

This thesis develops a method by which to estimate age and
gender of the person in the field of view of the camera based
on 3D body metrics. Useful body dimensions are extracted
from the depth data to identify relevant 3D body metrics. The
Kinect SDK provides the coordinates (x, y and z) of 20 skeleton
joints. Indicative body metrics include height, shoulder breadth,
hip breadth, and head length. The proportion ratios are then cal-
culated and thereafter used for gender and age estimation (see
Figure 4.3).

4.4.1 Height

Determining individual’s height is the most important part since
both age and gender estimations account for the height mea-
surement. In our approach we use four different methods to
measure people’s height in order to provide flexibility and ro-
bustness:
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Figure 4.3: Age and Gender Estimation based on 3D Body Metrics

Height by mesh: The height of the user can be estimated
from the distance between the highest point of the head and the
middle point between the lowest points of the feet (see Figure
4.2). The highest point is determined by converting detected
3D head position (x, y, z) into depth image coordinates (x1, y1)
by the “mapper" API of the Kinect SDK. The lowest point, (x1,
y2), is then searched by considering every point (x1, i) of the
person. Also, the depth of the pixel, (x1, y2), should be in the
valid range to reduce the effect of sensor noise, since the Kinect
can return some pixels with a wrong depth.

Height by skeleton: If the intensity of sunlight or infrared
from the environment is too strong, the quality of the depth im-
age is also not reliable. There might be many black holes in the
depth image, especially around head and feet. In this case, the
first method will not perform reliably. Thus, an alternative al-
gorithm to accurately determine one’s height proposed by [109]
is to calculate the sum of the lengths (l):

height= l

head-shoulderCenter

+ l

shoulderCenter-spine

+l

spine-hipCenter

+ l

hipCenter-kneeLeft/kneeRight

+l

kneeLeft/kneeRight-ankleLeft/ankleRight

(4.1)

+l

ankleLeft/ankleRight-footLeft/footRight
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Since the Kinect estimates the head joint from the center of
the head, the total sum needs to add a few centimeters to the
total height.

Height by estimation: Both previous methods to estimate
height do not perform well if the whole skeleton is not in the
field of view of the Kinect sensor: upper or bottom parts of
the body might not be captured. An alternative method is to
account for the distance between shoulders and knees. Accord-
ing to the ideal body proportions proposed by Andrew Loomis
[14] in Figure 4.4, this distance constitutes 52% of the overall
height .

Height by wingspan: All the above methods do not consider
non-standing positions such as sitting, thus an alternative so-
lution is to consider the wingspan, which equals the height ac-
cording to the ideal body proportions (Figure 4.4). Thus, height
by wingspan is the sum of the lengths (l):

height= l

wingspan

= l

handLeft-wristLeft

+ l

wristLeft-elbowLeft

+l

elbowLeft-shoulderLeft

+ l

shoulderLeft-shoulderCenter

+l

shoulderCenter-shoulderRight

+ l

shoulderRight-elbowRight

(4.2)

+l

elbowRight-wristRight

+ l

wristRight-handRight

4.4.2 Shoulder Breadth

For the shoulder breadth, we need to determine two 3D edge
points, m and n, which represent shoulder sides. These points
can be obtained from the coordinates of the five joints in a
depth image, elbowLeft, shoulderLef, shoulderCenter, shoul-
derRight and elbowRight. Firstly, we get two vectors:

vector1 = length

shoulderCenter-shoulderLeft

(4.3)

vector2 = length

shoulderLeft-elbowLeft

(4.4)
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Then, vector3 is determined by normalizing the sum of vec-
tor1 and vector2. Scanning for the point m0, belonging to the
person, starting from the shoulderLeft joint with vector3 direc-
tion. The detected position of the point m0 is converted from
3D coordinates to the final point, m. The process is the same for
the point n of the right shoulder. Finally, the distance between
m and n is the required shoulder breadth. This method works
with any positions of the arms.

4.4.3 Hip Breadth

A similar method is used to determine hip breadth. Two 3D
edge points, m and n, are at both hip sides. These positions are
calculated with the help of the three joints in a depth image,
hipCenter, hipLeft and hipRight. A vector is then defined as:

vector1 = length

hipCenter-hipLeft

(4.5)

Scanning for the point m0 starts from the hipLeft joint with a
direction of the vector1 until m0 is found which belongs to the
person. Then, detected m0 is converted from 3D coordinates to
find the point m. The process is then repeated for the point n
with the hipRight joint. The distance between m and n points is
the hip breadth. However, if the hand is clinging to the hip, the
value of the hip breadth is larger than a true value. In this case,
we compare the y-coordinate of the points m and n with the
relative left and right hand. If the points, m and n, are outside
of the left and right hand positions respectively, then the hip
breadth value is not reliable.

4.4.4 Head Height

For the head height, two points need to be determined: the
highest point described earlier and the lowest point of the face.
The Face Tracking SDK for Kinect engine analyzes input from
a Kinect camera and deduces the head pose and facial expres-
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Figure 4.4: Ideal Gender (left) and Age (right) Proportions

sions, and makes that information available. One of the avail-
able data is the value of the head height.

4.5 age

The method of age estimation adopted is based on the body
proportions at different age proposed by Andrew Loomis, who
was an artist, in 1943 [14] in his book “Figure Drawing For All
Its Worth”. Growth Chart in Figure 4.4 (right) shows overall
proportions of the body from age one year, to adult, using the
head as a unit of measurement. Thus, the ratio of the full body
height to the head height is used to estimate age:

age_ratio = height/head_height (4.6)

4.6 gender

The method of gender estimation adopted is based on the ideal
proportions of each gender (Figure 4.4 (left)). These propor-
tions are used to teach human body drawing in the book “Fig-
ure Drawing For All Its Worth” by Andrew Loomis in 1943 [14].
In our gender estimation method, we consider the ratio of the
shoulder breadth to the height and the ratio of the hip breadth
to the shoulder breadth.
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Shoulder Breadth and Height: The ratio between the peo-
ple’s height and their shoulder breadth is usually different for
men and women:

gender_ratio = shoulder_breadth/height (4.7)

Hip breadth and Shoulder Breadth: The ratio between peo-
ple’s shoulder breadth and the hip breadth is also different for
men and women since men usually have relatively wide shoul-
ders while women have relatively wide hips:

gender_ratio = hip_breadth/shoulder_breadth (4.8)

4.7 data collection

The Kinect depth data was collected on the initial day of the
BT Young Scientist and Technology Exhibition in combination
with the RePlay demo [10], which was also on display at the
event for young participants to try to match the hand pass
of famous players of Gaelic football. The RePlay demo firstly
demonstrates the video of how a famous athlete performs the
hand pass, before inviting the participant to try to repeat it.
After that, RePlay captures the motion of the participant with
the help of Microsoft Kinect. It analyzes the similarities and
finally outputs the difference between the performances of the
professional player and those of the participant [10]. The Re-
Play demo attracted 428 volunteers and their depth data was
recorded using the Kinect Studio tool. Every participant was
asked for the age and gender. Each session involved one partic-
ipant at a time and the boundaries of the space layout were set
up to prevent bystanders to interfere with the demo.

3D Body Model dataset3 were collected of 428 individuals,
276 boys and 152 girls aged between 5 and 16 years old. In addi-
tion to the depth images, this dataset contains a valuable event

3 https://goo.gl/dpxQ55
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data (.xed) recorded with the Kinect Studio4. The Kinect Studio
is a record and playback tool that enables the use of the sensor
for later optimization and manipulation. Event files (.xed) al-
low to play back the depth streams through any Kinect applica-
tion. For example, additional depth data can be obtained from
these streams such as various body positions (standing, lean-
ing, knee bending, hand raising, etc.) for more reliable body
metrics.

The dataset has been formatted, and it is available for down-
load in Arff format - the format used by the Weka machine
learning tool [55] used here to classify gender and estimate the
age of the users from their 3D metrics. This research was ap-
proved by the University College Dublin’s ethics committee for
studies involving children participants.

4.8 results

The Weka tool [55] is commissioned to measure the error of the
attributes against the ground truth. A 10-fold cross-validation
technique is applied over the dataset in order to improve the
integrity of results.

Height: Table 4.1 displays the correlation coefficient and mean
absolute error in centimeters (cm) of the height estimators: height
by mesh, height by skeleton, height by estimation and height by
wingspan. Height by mesh provides the best results for height
estimation; therefore it is selected to be integrated in the formu-
las of our methods for age and gender estimations. The other
estimators of height are considered once height by mesh cannot
be computed.

Gender: The performance for gender estimation is presented
in Table 4.1 on different machine learning approaches provided
by Weka. The best results for correctly classified gender in-
stances are J48 Graft and Random Forest. From our dataset,
the confusion matrix is obtained detailed in Table 4.2, which is
the same for both methods.

4 http://msdn.microsoft.com/en-us/library/hh855389.aspx
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Table 4.1: Correlation coefficient and mean absolute error of the
height estimations; Percentage of correctly classified in-
stances of the gender estimation; Correlation coefficient
and mean absolute error of the age estimation.

Method Height
by Mesh

Height by
Skeleton

Height by
Estimation

Height by
Wingspan Gender Age

Rules:

M5Rules 0.9117;
3.4611

0.8201;
5.6301

0.8734;
4.7486

0.7788;
5.9911

- 0.8059;
1.0196

Decision
Table

0.8985;
3.9683

0.88;
4.6418

0.8284;
5.708

0.7545;
6.4213

66.35% 0.8222;
1.0087

Functions:
Gaussian
Processes

0.9118;
3.6361

0.7665;
6.4574

0.8705;
5.1412

0.7732;
6.3705

- 0.84;
0.9904

Least
Med
Square

0.9123;
3.4264

0.7658;
5.9642

0.8754;
4.7135

0.7811;
6.0262

- 0.8298;
1.0405

Linear Re-
gression
Model

0.9117;
3.4611

0.7626;
6.229

0.8734;
4.7486

0.7788;
5.9911

- 0.8369;
1.0144

LibSVM - - - - 73.60% MAE is
0.7746

Lazy:

IBk 0.9008;
3.9716

0.5981;
7.0825

0.8235;
5.9267

0.6695;
6.7959

73.83% 0.7496;
1.0234

KStar 0.9043;
3.7436

0.7437;
6.7383

0.8477;
5.5558

0.7694;
6.384

72.43% 0.8039;
0.9251

LWL 0.8464;
5.5426

0.8509;
5.2512

0.7928;
6.5012

0.6876;
7.3467

67.99% 0.7096;
1.2296

Meta:
Addictive
Regres-
sion

0.884;
4.4509

0.8617;
4.9252

0.8387;
5.3785

0.7386;
6.5294

- 0.7671;
1.154

Bagging 0.8982;
3.9478

0.7363;
6.4905

0.8359;
5.6653

0.7463;
6.2063

75% 0.8409;
0.9287

Decorate - - - - 75.47% -

END - - - - 76.40% -

Trees:

M5P 0.9117;
3.4611

0.8194;
5.7049

0.8734;
4.7486

0.7788;
5.9911

- 0.8265;
1.0133

BFTree - - - - 75% -

J48 Graft - - - - 76.64% MAE is
0.7699

Random
Forest - - - - 76.64% MAE is

0.7817
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Table 4.2: Confusion Matrix for J48 Graft and Random Forest

Female Male
102 50

50 226

Age: As seen from Table 4.1, the best results are derived for
age estimation with the smallest mean absolute error of 0.7699

years are obtained from the J48Graft.

4.9 concluding remarks

This chapter has demonstrated the utility of 3D body metrics as
a basis for gender and age determination. Having trained the
methodology on a dataset of 428 children volunteers, the sys-
tem is shown to outperform the state-of-the-art software based
upon facial analysis. Table 4.3 presents cross comparison with
the SHORE system and the associated results:

Table 4.3: Comparison of our results with SHORE

Method SHORE OUR METHOD
Gender Accuracy 58.59% 76.64%
Female Accuracy 95.24% 66.11%
Male Accuracy 31.58% 81.88%

Age MAE (years) 4.98 0.77

Our gender recognition results are slightly better than SHORE’s
performance. Our 3D body metrics dataset is not gender-balanced:
276 boys and 152 girls and it might have influenced the results
of gender classification. However, the results confirm the effi-
ciency and effectiveness of our method to estimate children’s
age which serves an important contribution to child-centered
research community. Deriving from this work is a fully anno-
tated depth dataset and the source code.



5
T O WA R D S T H E D E S I G N O F A H R I T E S T B E D
F O R P U B L I C E N V I R O N M E N T S

In order to support autonomous, robust and reliable HRI in
public environments, this chapter presents a robotic testbed
based on a ubiquitous robotic design: system knowledge and
cognition are no longer confined to the individual robot. Rather
it is distributed in the environment exchanging knowledge with
its components via spatially placed sensors, mobile robots and
technologies from the fields of ubiquitous computing and am-
bient intelligence. Thus, ubiquitous robotics augments the capa-
bilities of robots by leveraging ubiquitous computational and/or
sensorial resources. Augmentation complements and/or en-
hances the capabilities of one or more robots while such robots
can simultaneously serve as intermediaries or social interfaces
to ubiquitous services.

This chapter provides a comprehensive introduction to the
design rationale of the robotic testbed and its technical fea-
tures. The system is designed to be exploited as a testbed for
human-robot interaction studies in public environments such
as schools, hospitals, museums, and other public venues. The
system is able to autonomously interact with humans, designed
to be portable for easy transportation and re-configuration in or-
der to adapt to different settings and requirements. In addition,
the testbed is able to initiate interaction dynamically adapting to
different user groups. It has been equipped with a methodol-
ogy for age and gender estimation detailed in Chapter 4 to fa-
cilitate dynamic adaptation of its interaction style. This system
is named PRIveT (portable, robotic, interactive testbed for HRI
in public spaces).

Compared to existing robotic testbeds discussed in Chapter
2, the PRIveT is designed to leverage the heterogeneous per-
ception abilities available in such robotic systems, and also to
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be easily tailored to different requirements and settings. The
testbed with its concept and design has been exercised in a
number of user studies and HRI experiments with a large num-
ber of participants in a relatively short period of time, which
findings and conclusions are discussed in Chapter 6.

5.1 interactive scenario

The interaction commences with the NAO robot waking up and
inviting the user to play with the kitchen (e.g., by saying “let’s
play”). Users can engage in a pretend play or a demonstration
of the smart kitchen, depending on the settings and purposes
of the study. In any case, the NAO robot is able to react to
user’s activity with the sensorized mini-kitchen by providing
feedback on the user’s opening of the doors by performing ver-
bal and nonverbal social behaviors. In some settings, a monitor
content is deployed as an additional source of information de-
livery such as text and visual content in response to user activ-
ity.

On some occasions, the system was deployed in scientific ex-
hibitions and project demonstrations events. The whole sys-
tem performed as a self-presenting demonstration as the NAO
robot explained the concept of ubiquitous robotics and how
each component of the system was integrated to serve a com-
mon task i.e. self-demonstration. People were invited to open
doors of the mini-kitchen and the NAO would then react to
these activities.

5.2 system design

This section details the ubiquitous system, the PRIveT testbed,
beginning with consideration of its middleware, followed by
discussion of its hardware and software components and con-
cluding with a description of the testbed engine.
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5.2.1 Middleware

The PRIveT testbed is built out of highly heterogeneous soft-
ware and hardware components, including multiple robots, cam-
eras and wireless sensor nodes. In order to support zero net-
work configuration [132] and interoperability among all these
components, the system utilizes the PEIS kernel [26], a software
suite previously developed as part of the Ecologies of Physi-
cally Embedded Intelligent Systems project [118]. PEIS includes
a decentralized mechanism for collaboration between separate
processes running on separate devices, which allows for auto-
matic discovery, high-level collaboration through subscription-
based connections. It also offers a shared tuplespace black-
board that allows for automatic discovery of new components/de-
vices, and their high-level collaboration over subscription based
connections. Specifically, PEIS components can indirectly com-
municate through the exchange and storage of tuples, key-value
pairs used in associating any piece of data (and related meta-
information, such as timestamps and MIME types), to a logi-
cal key. The PEIS kernel is written in pure C (with binding
for Java and other languages) and with as few library and
RAM/processing dependencies as possible to maximize com-
patibility with heterogeneous devices. The middleware ensures
testbed scalability since any component can be easily added or
removed for a particular study settings or application purposes.

5.2.2 Testbed Hardware Components

The system architecture of PRIveT illustrated in Figure 5.1 pro-
vides a lot of flexibility in the design of each self-demonstration
and user study, and deployment of the testbed in different sit-
uations. The use of a centralized testbed engine (described at
the end of this section) simplifies the creation of synchronized
behavior among the various components in the system, while
the peer-to-peer PEIS tuplespace allows to engage in loosely
coupled, indirect collaboration. Each software component dis-
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 User presence
3D body metrics

Web Camera

    Face-based 
emotion analysis 

Testbed Engine

Applet

TurtleBot

Figure 5.1: PRIveT’s Software and Hardware Components

cussed in the following sections needs to subscribe to the PEIS
tuplespace to either publish its updates or listen to updates
published by other components. Figure 5.1 illustrates all the de-
vices currently integrated within the PRIveT testbed, namely:

• a toy mini-kitchen, equipped with a IEEE802.15.41 com-
pliant Wireless Sensor Network (WSN);

• a Mini-PC (a Raspberry Pi2), equipped with a monitor
and a wireless network card;

• a Turtlebot3 equipped with Microsoft Kinect4;

• a web camera;

• a humanoid NAO robot5.

In the following sections each element is discussed together
with the software components subtending their operations and
integration.
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Tiny OS
Mini-PC with Sink Node

WSN

Sensorized Mini-Kitchen

Figure 5.2: Sensorized Mini-kitchen

5.2.2.1 Sensorized Mini-kitchen

The mini-kitchen is a toy kitchen with an oven, a cupboard,
a microwave, a sink and a cooker with simulated hobs, all in
72x35x50 cm (Figure 5.2).

In order to gather knowledge on the status of the mini-kitchen,
the kitchen has a number of WSN motes installed, i.e. devices
equipped with a micro-controller, a radio, and a sensor board.
Specifically, IEEE 802.15.4 compliant motes are employed based
on the original open-source “TelosB” platform [33]. Each mote
can be equipped with a range of sensor boards. Some boards
have sensors giving real-time information on the air tempera-
ture and humidity, as well as lighting conditions. Other boards
are interfaced with magnetic switches, microphones and in-
frared passive sensors, which are used, respectively, to sense
the opening/closing of drawers, the level of noise and the pres-
ence of humans moving in their proximity. Each mote runs
a copy of a WSN communication software [13], based on the
the Nesc/TinyOS 2.x platform, which can be exploited to (i)
discover the capabilities of the sensor nodes, (ii) activate and

1 http://www.ieee802.org/15/pub/TG4.html
2 http://www.raspberrypi.org/
3 http://www.turtlebot.com/
4 http://www.microsoft.com/en-us/kinectforwindows
5 http://www.aldebaran-robotics.com/en/
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configure the sampling of sensor data, and (iii) transmit it to a
sink node.

5.2.2.2 Mini-PC & Sensor Hub

The mini-kitchen is equipped with a Raspberry Pi, a single-
board computer running an optimized version of the Debian
OS.

The Mini-PC is USB-connected to the sink node, and runs a
Java-based server-side version of the WSN communication soft-
ware [13], which is used to access the data read by the sensors
installed on the mini-kitchen, and to publish it to the PEIS tu-
plespace. The software publishes an index of sensors available
in the WSN. In addition, it handles subscriptions to sensor data,
which are fulfilled by (i) activating and configuring (through
messages routed by the sink node) the sampling of sensor data,
(ii) parsing the resulting data updates once they are received by
the WSN sink node, and (iii) posting them as tuples in the PEIS
tuplespace.

5.2.2.3 Monitor

The Mini-PC is furnished with a monitor to show presentation
slides and other multimedia content, such as still pictures, html
pages, slides and videos. A simple Web application was devel-
oped consisting of a web-page with JavaScript functionalities,
and a Java applet. The Java applet uses a Java Peis client to
create a tuple, with the key “URL”, whose value can be set by
any component that wants to broadcast specific content on the
monitor. Rather than actual media content, the value of the
tuple represents the URL where the content is published, in-
cluding locations in the local file system of the Mini-PC, or any
resource available over the Internet. The Java applet subscribes
to the URL tuple and every new URL request is relayed (us-
ing LiveConnect technology) to a JavaScript that takes care of
retrieving the content and displaying it on the web-page.
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5.2.2.4 Turtlebot

The Turtlebot is a personal robot kit with open-source software
based on Robotic Operating System [110]. For the purpose
of our demonstration, the Turtlebot is controlled by a netbook
running ROS and the body tracking OpenNI framework. This
is used to process the 3D data gathered from the Microsoft’s
Kinect sensor mounted on the robot, in order to detect the
presence of humans in front of the demonstration, and recog-
nize their body metrics. The C Peis client is employed to no-
tify other components about the presence of users in front of
the stand, supplemented with an estimation of the orientation
of their gaze. Furthermore, the Turtlebot includes a number
of pre-programmed behaviors and speech-synthesis functional-
ities, which can be used, respectively, to turn the robot to face
the users, and to give them some basic information about the
robot and its role in the intelligent environment.

5.2.2.5 Microsoft Kinect

When Turtlebot is not present for a specific setting, then a mo-
tion capture device, such as Microsoft Kinect, is utilized for
human presence detection, human tracking and for retrieving
3D body metrics that are particularly indicative of various de-
mographics groups, i.e. age and gender. Kinect was described
in Chapter 4. In order to interface the Kinect’s SDK with the
system, an interface combining the Kinect SDK with the C Peis
client was developed. The interface allows us to (i) publish
information about the number of users present and their esti-
mated age and gender information recognized by the Kinect.

5.2.2.6 Humanoid NAO Robot

The NAO is a programmable, 58cm tall humanoid robot act-
ing as the main user interface toward the ubiquitous robotics.
It is equipped with a vast array of sensors, including cameras,
microphones, sonars and tactile sensors, and with 25 degrees
of freedom. NAO was described in Chapter 3. In order to in-
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Figure 5.3: Testbed Engine as Finite State Machine

terface the NAO with the system, an interface combining the
NAOqi C++ SDK with the C Peis client was developed. The
interface allows us to (i) publish information about objects and
the user’s speech recognized by the NAO, and (ii) activate, con-
figure and deactivate the NAO’s behaviours by simply setting
the value of control tuples. To this end, the interface subscribes
to changes to those tuples and forwards their value to the proxy
classes, such as ALMotion, ALTextToSpeech, that are included
in the NAOqi SDK to give direct access to the behavioural ca-
pabilities of the NAO.

5.2.3 Testbed Engine

The last component of the system is that of a testbed engine
which is able to execute a simple finite state machine where
each state represents a possible situation or phase of the self-
demonstration. Sensor and/or event updates originated by the
other components in the robotic system are processed to build a
picture of the situation and of the user, and are matched against
a set of conditions describing the possible phase transitions in
the presentation. Each time an event triggers a state transition
and a new state is reached, the testbed engine sets the tuples
required to control (i) the content that must be displayed on the
monitor, (ii) the specific behaviors that must be activated in the
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robot (s), and (iii) the message that must be uttered to the users
in front of the stand.

The testbed engine builds its confidence of certain events by
integrating multiple sensor readings over time. For example, in
order to detect the opening and closing of a drawer of the mini-
kitchen, the engine monitors the readings of both a magnetic
switch and a light sensor installed on the drawer.

The magnetic switch can only tell the engine when the drawer
is properly closed but not when it is being handled by the user
or when the user only partially opens/closes it. For this reason,
the engine uses the light sensors installed inside each drawer
and performs a simple online clustering algorithm to distin-
guish between situations when the light sensors perceive low
levels of light (corresponding to the closed/semi-closed drawer)
and the situations when they perceive high levels of light (corre-
sponding to the open/semi-open drawer). In this manner, there
is no need to specifically define high and low level thresholds
for the level of light, but the system automatically adapts to the
actual lighting conditions it finds when it is used.

Effective integration of multi-sensory, multi-modal data of
human body and face detection, recognition and tracking, body
metrics perception, sound source localization is achieved at the
testbed engine and constitutes testbed’s ubiquitous perception.

5.3 ubiquitous perception

Previous section focused on the substantial technical challenges
of enabling sensors and robots to seamlessly interact and oper-
ate within ubiquitous robotics. This section focus is on one of
the main advantages of adopting an ubiquitous robotics stance,
is that of multi-sensory, multi-modal perception.

Figure 5.4 illustrates the scheme of the ubiquitous perception
performed by different perception modalities, its triggered pro-
cesses such as emotion analysis and activity recognition, and
an example of testbed engine’s logic that outputs various adap-
tation for human-robot interaction. Ubiquitous perception here
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Figure 5.4: Ubiquitous Perception of the PRIveT Testbed

consists of readings from wireless sensors of light and motion
nodes deployed in the mini-kitchen, and of human perception
information such as face, 3D body and speech from networked
cameras and robots. This information is used to trigger per-
ception events such as human presence, light condition, activity
recognition, emotion analysis, speech recognition, age/gender estima-
tion, social cues and speech detection that collaboratively provide
information to the testbed engine to generate adaptive HRI ex-
perience.

5.3.1 Smart Sensing

In order to support system’s adaptability, for instance to adapt
to changes in the environment such as lighting conditions and
user presence, and increase overall system’s robustness, a wire-
less sensor network (WSN) comprising of nodes equipped with
light and motion sensors is employed. The readings from these
sensors are communicated (over IEEE 802.15.4 ZigBee) by each
WSN nodes to a base station node interfaced with a Mini-PC, by
using a dedicated software [13] that publishes those readings
to the PEIS tuplespace. The readings from the light sensors are
used to compute the trustworthiness of the vision-based sens-
ing. This means that in a dark environment, the system does
not rely on the vision modalities. Then, the readings from the
motion sensors are used to deduce human presence when the
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vision sensing is not taken into consideration by the ubiquitous
perception module.

5.3.2 3D Body Metrics

The work detailed in Chapter 4 presents a child-centered method
to estimate age and gender of the person in the field of view of
the camera based on 3D body metrics. Useful body dimensions
are extracted from the depth data to identify relevant 3D body
metrics. The coordinates (x, y and z) of 20 skeleton joints are
used to compute indicative body metrics such as height, shoul-
der breadth, hip breadth, and head length. The proportion ratios
are then calculated and trained on the depth dataset of 428

volunteers. The results presented in Chapter 4 confirm that
the modality of 3D body metrics provides more satisfactory re-
sults in interaction with children compared to the state-of-the-
art face-based solutions.

5.3.3 Face Detection

Three networked cameras are utilized for the extended field of
view and the reliable capturing of faces. In case the user is not
facing or in the field of view of a particular camera, the face
detection can still be captured by an alternative camera.

The first source of face capturing is NAO’s vision module,
ALFaceDetection, which the robot can use to detect human
faces. This module also provides an estimate for the position of
each face detected in the frame grabbed by the NAO’s camera,
as well as a list of angular coordinates for a set of important
face features. The human perception module is using NAO’s
vision only during interaction with the users, for example dur-
ing non-verbal social behaviors such as eye contact, eye gaze,
and others.

The second source of face capturing is a standard web cam-
era, which is primarily used by SHORE for real-time emotion
analysis. The performance of SHORE’s age and gender estima-
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tion described in Chapter 4 is not useful for children. Thus, the
testbed is only using emotion analysis (described in Chapter 3)
of the SHORE software. Manual video coding of the expressed
happiness proved that SHORE’s happiness recognition serves
as a reliable metric for automatic analysis of facial expressions.
During HRI experiments with the testbed, face-based emotion
data is recorded and analyzed offline as a measure of the inter-
action experience with the testbed.

The third source of face capturing is Microsoft Face Tracking
SDK engine to analyze input from a Kinect camera to detect
and track human faces in real time. This camera is used as
an alternative source for face capturing when the web camera
is not used for offline analysis as a measure of the interaction
experience with the testbed.

Face/human detection is a boolean true/false variable. If one
of the sources detects a face, a flag Human Presence is set to
true. NAO’s camera is used for NAO’s social behaviors such as
following the user with its head. Web and Kinect cameras are
always stationary so it can detect the new user when NAO’s
head does not look in the direction of the user. There is no
fusion between face-based algorithms because they are used
for different purposes. For example, NAO camera is only used
to react to human presence with its social cues, while second
and third sources of face detection are used interchangeably.

5.3.4 Speech Detection and Recognition

Real-time streaming of audio from the Microsoft Kinect micro-
phone array is used for speech detection purposes. Its Speech
API provides communication with the microphone array. Once
the audio signal from the microphone is significant enough to
be speech, a speech detection event is detected.

An alternative source of voice capturing is NAO’s micro-
phones for speech recognition, ALSpeechRecognition, which is
used during interactions with the NAO robot.



5.4 concluding remarks 105

5.4 concluding remarks

This chapter introduced the design of the PRIveT testbed that
is built to be autonomous, portable, and self-engaging in inter-
action with people. It focused on the substantial technical chal-
lenges of enabling sensors and robots to seamlessly interact and
operate in public environments. The HRI testbed is able to au-
tonomously engage and dynamically adapt to its users, explain
and demonstrate the main concepts behind robotic systems by
showing people a working example consisting of robot(s), sen-
sors and cameras working together.

The system architecture illustrated in Section 3 provides a
lot of flexibility in the design scalability of each demonstration
and user study, and deployment of the testbed in different situa-
tions. The use of a centralized testbed engine simplifies the cre-
ation of synchronized behavior among the various components
in the system, while the peer-to-peer PEIS tuplespace allows to
engage in loosely coupled, indirect collaboration.

The next chapter illustrates the experience in using this testbed
in a number of interactive demonstrations, showcase experi-
ments and HRI field studies in order to demonstrate and dis-
cuss the performance of the PRIveT testbed in a wide range of
settings.
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E X E R C I S I N G T H E H R I T E S T B E D T H R O U G H
S T U D I E S A N D D E M O N S T R AT I O N S

This chapter demonstrates how the system has been used in
a number of interactive demonstrations and HRI field studies,
which are multi-party public events. Here the focus is on a
comprehensive analysis of the testbed and on the assessment of
how it was used in a variety of situations of increasing difficulty.
What are the main challenges that have to be tackled when de-
signing an effective HRI testbed for public spaces? How do
people accept and evaluate the system and robot behavior gen-
erated with the implemented system? More specifically, how
robot’s verbal content and nonverbal social behaviors impact
and shape the interaction experience and assessment of the
robotic demonstration?

The system described in the previous chapter complemented
with content, such as videos and presentation slides (converted
to Html format in order to be used by the presentation Ap-
plet), was exercised as HRI testbed in situations of increasing
complexity. On each occasion, both the robot(s) and the mini-
kitchen were placed on adjacent tables in order for them to
easily engage with the public.

6.1 laboratory study

Before deploying the system in fully autonomous settings, a
pilot study was conducted in the laboratory to configure the
behavior and test the robustness of the testbed. The study was
designed to observe whether NAO’s verbal and non-verbal be-
haviors were able to intuitively engage the user in human-robot
collaboration task.
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Figure 6.1: Experiment Hardware Configuration

6.1.1 Methodology

Hypothesis: Non-verbal cues represent fundamental commu-
nication cues that influence the quality of an interaction [113].
It is expected that social cues such as gazing and pointing will
result in an increase in the level of user engagement with the
system.

Method: Between-subject design was utilized where all par-
ticipants were randomly assigned to one of the two robot con-
ditions.

Participants: Sixteen people (age: M = 26.53, SD = 3.833; 13

males, 3 females) participated in this study. 80% of the partic-
ipants had never interacted with the robot before. The mean
value of their robotic knowledge from 1 for "None" to 5 for "A
lot" was 2.0.

Scenario: A simple collaborative cooking scenario was cre-
ated, in which the NAO acted as a cooking assistant. NAO
guided the user in the cooking process by giving instructions
of what to do in the kitchen, e.g. “You will need a frying pan.
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You can find it in the drawer under the sink". Once the user
accomplished the step (i.e. the drawer was opened), the robot
continued with the next instruction.

Conditions: There were two robot conditions: (i) a “Verbal
Only” condition, with which the NAO used only verbal com-
munication, and (ii) a “Social Cues” condition, with which the
NAO used gaze and gestures to emphasize and facilitate partic-
ipant’s understanding of its instructions (for instance, by point-
ing to the drawer containing the salt, etc).

Measures: The participants were asked to complete the God-
speed [17] questionnaire (with items measuring likeability, in-
telligence and safety) immediately after the experiment.

Experimental Setup: Figure 6.1 is a photo of the experimen-
tal setup in the laboratory.

Procedure: Each participant was invited to the laboratory
and instructed to go to the experimental area. The system could
autonomously detect the human presence and launch the inter-
action session. The NAO welcomed the user and explained
what food was to be prepared. Each trial lasted an average of
five minutes and was fully autonomous and timed.

6.1.2 Results

First, a series of K-S tests was conducted on all scores from 5-
Likert scales to check the assumption of normality. Raw data of
Execution time is normally distributed (Appendix M). All rat-
ings from questionnaires were significantly non-normal, thus a
series of non-parametric tests was conducted to compare peo-
ple’s interaction with the testbed and their evaluations of like-
ability, intelligence, and safety between “Verbal Only” and “So-
cial Cues" conditions.

There was a significant difference in the execution time be-
tween “Verbal Only” (M= 96.63,SD= 28.25) and “Social Cues"
(M = 154.88,SD = 39.32) conditions; F(1,14) = 11.58,p = 0.004
as determined by one-way ANOVA. Figure 6.2 (left) illustrates
these results.
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Figure 6.2: Execution time and Acceptance ratings

When asked to rate how acceptable was the interaction with
the system on 5-Likert scale, there was also a significant dif-
ference in participants’ responses between “Verbal Only” (M=

2.63,SD = 1.30) and “Social Cues" (M = 3.88,SD = 0.64) condi-
tions as determined by independent-samples Mann-Whitney U
test: U= 51.00,z= 2.07,p= 0.05,r= 0.52. Figure 6.2 (right) illus-
trates these results. Ratings of robot’s likeability, intelligence,
safety, and usefulness did not show a significant difference be-
tween conditions.

A series of Fisher’s exact tests was conducted to compare re-
sponses on participants’ most liked system’s component and
whether they had an impression that robotic system acknowl-
edged their presence. There were no significant differences
for both of these questions. However, the fact that 62.5% of
participants reported that their favorite system component was
“Smart Kitchen” is an interesting finding which means people
liked the whole testbed rather than a single robot.

6.1.3 Conclusion of the Study

This study’s goal was to address whether gazing and pointing
at the kitchen improves people’s acceptance and engagement
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with the system. The results confirm that gaze and gestures
of the humanoid robot significantly improved the time people
spent completing the cooking task, which means these behav-
iors are important to improve engagement with the testbed. In
addition, user’s perceived acceptance of the system was rated
significantly higher when NAO gazed and pointed at the kitchen
appliance. The system behaved as specified by the testbed en-
gine with no technical problems.

One of the problems was that NAO spoke too fast and its
default artificial voice was a little difficult to understand by
some international people. This limitation was addressed in
the subsequent studies by adding pauses to NAO’s speech. A
technical problem occurred when one of the participants left
all the doors opened, and as a result the engine did not execute
the next stage. This was easily fixed and added robustness to
the testbed. In the end, NAO’s behaviors such as gazing and
pointing at the kitchen were adopted in all the subsequent tests.

6.2 university open day for research projects

The first outing of the testbed outside the laboratory was a half-
day exhibition organized by the university to showcase a num-
ber of research projects. Contrary to the more controlled lab-
oratory settings described in the previous section, visitors and
potential study participants on this occasion were wandering
around the area clustered with many posters and other demon-
stration stands. This opportunity was used to test the system’s
ability to attract the attention, autonomously maintain it and
engage with an uninterrupted flow of users over a prolonged
period of time. This gave a realistic opportunity to evaluate
whether the integrated verbal and non-verbal behaviors of the
testbed were successful.
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6.2.1 Methodology

Hypothesis: The use of social cues, such as acknowledging
human presence with eye contact and gesticulation in addition
to the previous study’s findings (gazing and pointing at the
kitchen drawers) will facilitate the improvement of the user’s
engagement and acceptance of the system.

Method: Between-subject design was utilized where all par-
ticipants were randomly assigned to one of the two conditions.

Participants: Thirty people (age: M = 31.3, SD = 6.15; 20

males, 10 females) participated in this study. 5 participants had
a college degree, 16 participants had a graduate level degree,
and the remainder were in the progress of getting a graduate
level degree (Masters or PhD students). When asked to rate
how much they know about robotics on the scale from 1 to 5

(i.e. from "None" to "A lot"), the mean rating was 2.43.
Scenario: Every demonstration stand at the research exhibi-

tion had to describe their project and demonstrate its function-
ality. It was decided to implement self-demonstration scenario
where NAO would autonomously initiative the interaction, de-
scribe the project goal and invite people to try to use the kitchen
in order to showcase its functionality.

First of all, the NAO talked over a few presentation slides
to illustrate some introductory concepts about smart environ-
ments. Secondly, it illustrated its own capabilities before pre-
senting the other members of the system, by explaining the
purpose of the sensorized kitchen, and by inviting to engage
with the Turtlebot. At each stage, visual content related to
each of the topics illustrated by the NAO were projected on
the monitor. Finally, the visitors were invited to interact with
the mini-kitchen to open, close or use kitchen appliances. The
testbed acknowledged each of these actions through the NAO
and the monitor, in order to illustrate its ability to recognize
user’s activities. If the visitors were detected leaving the stand,
the NAO thanked them and waved goodbye while the monitor
restarted displaying the video.

A very simple presentation was designed:
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NAO: Hello! [waving and eye contact] I am a humanoid robot
and my name is NAO. I would like to present a sys-
tem that aims to combine various technologies to work
together in order to achieve complex tasks, for example
to help elderly with chores. I am one of the components
of this system and I am aware of people’s activities in the
smart environment. Would you like to try our demonstra-
tion? You can open a microwave, an oven or under the
sink cupboard one at a time. You are welcome to start
(looking and pointing at the kitchen).

Adult: (adult opens either a microwave, an oven or a cupboard).

NAO: The sensor inside the microwave/oven/cupboard (look-
ing and pointing at a particular appliance) detected that
you opened it. Could you, please, close it? If you want,
try to open something else!

Adult: (adult plays with the kitchen for one minute)

NAO: Thank you so much! Hope to see you soon. Bye-bye!

Conditions: Two interaction modalities were designed to re-
flect on the differences in evaluation of the testbed and interac-
tion with it by the participants, namely:

• Verbal interaction: “Asocial"
This interaction type was used to identify if a humanoid
robot embodiment was enough for humans to ascribe in-
telligence to the system. Within the system, the NAO is re-
garded as an embodied communication interface between
the intelligent environment and the user.

• Verbal interaction using non-verbal social cues: “Social"
This interaction type was used to determine if the use of
social cues, such as eye contact and gesticulation, facili-
tated the improvement of the user’s engagement and ac-
ceptance of the system.
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Measures: The participants were asked to complete the God-
speed [17] questionnaire (with items measuring likeability, in-
telligence and safety).

Experimental Setup: Although Figure 6.4 shows a photo
from a week-long exhibition detailed in the next section, the
setup for this study was the same.

Procedure: As in the first pilot study, the testbed was au-
tonomous: it displayed a video on the screen in order to at-
tract the attention of the visitors. As somebody approached
the stand, the NAO greeted them and invited to participate in
an interactive demonstration. After their interaction with the
robotic testbed, users were approached and asked to complete
a questionnaire evaluating their experience.

6.2.2 Results

As with the pilot study’s data analysis, a series of K-S tests
was conducted on all scores from 5-Likert scales to check the
assumption of normality. Relevant raw data is displayed in
Appendices N - O. All ratings from questionnaires were signif-
icantly non-normal, thus a series of non-parametric tests was
conducted to compare people’s interaction with the testbed
and their evaluations of likeability, intelligence, usefulness, and
safety between “Asocial” and “Social" conditions.

When asked to rate how interesting was the interaction with
the system on a 5-point Likert scale, there was a nearly sig-
nificant difference in participants’ responses between “Asocial”
(M = 3.91,SD= 0.54) and “Social" (M = 4.44,SD= 0.63) condi-
tions as determined by Mann-Whitney U test: U = 127.00,z =
2.16,p = 0.056,r = 0.42. Other ratings measuring intelligence,
safety, and acceptance did not have a significant difference be-
tween conditions.

Chi-square analysis did not show a significant difference be-
tween conditions on how often people established eye contact
with the NAO robot. This study found that 45% of the par-
ticipants preferred the Smart Kitchen, 5% liked the Turtlebot
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Figure 6.3: Mean values for “Useful", “Intelligent" and “Engaging"

and the remaining 50% found the NAO as the most enjoyable
component of the system.

A series of individual Mann-Whitney U tests was conducted
that examined the effect of gender on people’s evaluation of
likeabiliy, intelligence and safety of the testbed. There were a
statistically significant difference in women’s (M = 4.71,SD =

0.49) and men’s (M = 4.05,SD = 0.6) ratings of how interest-
ing was the system: U = 31.00,z = -2.43,p = 0.031,r = -0.47.
In addition, intelligent ratings were also significantly differ-
ent (U = 40.50,z = -2.10,p = 0.043,r = -0.40) for women (M =

4.5,SD = 0.76) and men (M = 3.65,SD = 0.99). Finally, women
(M = 4.63,SD = 0.52) and men (M = 3.86,SD = 0.85) gave sig-
nificantly different ratings of how engaging the system was:
U= 41.00,z=-2.24,p= 0.036,r=-0.42.

In the end, we also accounted for the education level of the
participants. We found that there was Education x Gender ef-
fect: PhD graduates (postdoctoral researchers and faculty) had
significant difference in how women and men rated the sys-
tem being “Useful", female (M= 4.8,SD= 0.45) and male (M=

4.0,SD = 0.32), U = 9.50,z = -2.25,p = 0.038,r = -0.56), “Intel-
ligent", female (M = 4.8,SD = 0.45) and male (M = 3.55,SD =

1.04),U= 8.00,z=-2.31,p= 0.027,r=-0.58, and “Interesting”,
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female (M = 5.0,SD = 0) and male (M = 3.91,SD = 0.7),U =

5.00,z=-2.75,p= 0.009,r=-0.69.

6.2.3 Conclusion of the Study

This study aimed to evaluate participants’ acceptance and over-
all experience of the interaction with a robotic testbed at the
public event. The method used provides realistic conditions to
effectively investigate user’s engagement with the robotic sys-
tem. This pilot study indicates that some of the engagement
techniques for standalone robots are transferable to ubiquitous
robotic systems. The results suggest that adding social behav-
iors such as eye contact and gesticulation increased participants’
interest.

The fact that 45% of participants chose the kitchen as their
most enjoyed component contrasts with our past experiences
of using NAO on its own. At this kind of events it is important
to disseminate and demonstrate research but the robot often
distracted attention from the actual content of the research as
people asked questions about the robot. In contrast, the pro-
posed scenario of a self-presenting demonstration worked very
well because people interacted with the robot while learning
about the research and engaging in demonstration.

As in the first laboratory study, there were no technical prob-
lems with the operations of the testbed. However, there was
a slight problem with the noise. At times it was too loud to
hear what the robot said. But since there was a monitor that
displayed supplementary information, it helped the robot to
deliver the content.

Based on these findings, all subsequent studies with the NAO
robot adopted social behaviors such as eye contact and gestic-
ulation. Moreover, since the findings suggest that participants
of different education and gender groups had various assess-
ment of the interaction experience, robots deployed in public
environment need to be able to adapt to individual differences.
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Figure 6.4: Autonomous Exhibition Demonstration Stand

6.3 autonomous exhibition

In order to further test the flexibility and the reliability of the
testbed, it was used in conjunction with a showcase of research
projects for an entire week (Figure 6.4). In order to meet this
requirement, the middleware was used to prepare two configu-
rations, respectively: (i) a configuration similar to the one used
at the University Open Day (but with different content), which
was supervised on the first day of the showcase, and (ii) a fully-
autonomous but partially simulated setup. For the latter, the
actual NAO was replaced with its simulated counterpart. The
simulated NAO was visualized on the monitor connected to the
Mini-PC. This meant that, while in the original setup the engine
was running inside the NAO’s computer, in the autonomous
setup it was installed on the Mini-PC, together with the NAO
simulation software. Furthermore, since the simulated NAO
does not have speech synthesis capabilities, the visual content
displayed on the screen was modified to include subtitles.

Preparing and switching between the two configurations was
straightforward, as the use of the PEIS tuplespace meant that
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it did not matter from which computer the presentation engine
(the NAO or the Mini-PC) was running or which component we
used to communicate with the user (the NAO’s speech interface
or the text included in the visual presentation).

Autonomous but partially simulated setup performed satis-
factorily throughout the week. However, a couple of problems
had to be tackled. The first problem was due to a fault in the
USB serial port of the Mini-PC. The problem was solved by
adding an ad-hoc connection recovery step, which listed the
available USB ports and pro-grammatically re-initialized the
connection to the sink mote upon the detection of the first com-
munication error. The second problem was that the Turtlebot’s
ROS component in charge of the skeleton tracking functionality
would regularly become irresponsible if it was left operating for
more than a one day-long shift. For this reason, the staff work-
ing at the exhibition center was instructed on how to launch
and shutdown the Turtlebot and the testbed engine at the be-
ginning of each day.

6.4 towards adapting verbal behaviors

Experiences with the testbed are concluded with a study con-
ducted to evaluate how effective it would be to adapt the robotic
testbed’s interaction style to suit each particular user. The study
was conducted at the Discover Research Dublin exhibition with
children and adults that interacted with PRIveT.

6.4.1 Methodology

Hypothesis: Adapting verbal content to suit participant’s age
group will increase engagement and acceptance of the robotic
system for both children and adults.

Method: Participants were randomly assigned to interact
with the robot in one of the conditions with applied counter-
balancing in terms of the participant’s age group.
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Participants: There were a total of 131 participants who inter-
acted with the self-presenting testbed. Out of the total number
of participants, 73 of them filled in the questionnaires and their
age was between 12 and 59 years old. Other demographic infor-
mation such as age group (child vs. adult) and gender (male vs.
female) is estimated by the experimenter. The table 6.1 presents
the breakdown of all participants in each condition.

Table 6.1: Breakdown of Participants by Age and Gender

Condition Age Gender Total Overall
Female Male

Adaptive child 14 18 32

71

adult 16 23 39

Non-adaptive child 10 5 15

60

adult 22 23 45

Total 131

Scenario: Each session was structured as an interactive demon-
stration. Adult version of the interaction had the same verbal
content as it was at the University Open Day exhibition. Child
version of the interaction was developed to have easier vocabu-
lary. Both adult and child versions of the verbal content were
designed on an ad hoc basis. Child version is presented below:

NAO: Hi! [waving and eye contact] I am a robot and my name
is NAO. What is your name?

Child: (child says the name)

NAO: It is very nice to meet you. It is my first time outside of the
factory where I was created. My job is to help people be
safe by reminding them to turn off things in the kitchen.
Would you, please, help me practice for my new job? It’s
very easy to help (pause). You can open a microwave,
an oven or under the sink press one at a time. You are
welcome to start (looking and pointing at the kitchen).

Child: (child opens either a microwave, an oven or a press).
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NAO: The sensor inside the microwave/oven/press (looking and
pointing at a particular appliance) detected that you opened
it. Could you, please, close it? If you want, try to open
something else!

Child: (child plays with the kitchen for one minute)

NAO: Thank you so much for your help! Hope to see you soon.
Bye-bye!

Conditions: The independent variables were adaptive and
non-adaptive robot conditions. In adaptive condition children
interacted with a child version of the presentation and adults
interacted with an adult version. In this condition, the system
dynamically changed its verbal content according to the rec-
ognized age of the participant (child vs. adult). People that
were not categorized correctly were considered to be in non-
adaptive condition. Otherwise, interactive demonstrations and
robot’s behaviors were the same across conditions.

Measures: During this scientific exhibition, people had to
vote for their favorite demonstration by leaving their individ-
ual sticker from the exhibition badge on a particular table. This
was the first measure of the interaction: Vote (yes/no). The other
measurements were whether people replied with their name
when asked by the robot, Participant Name (yes/no), whether peo-
ple stayed until the end of the demonstration, Stayed (yes/no),
and whether people opened the doors of the toy kitchen, Doors
(yes/no). When people stayed until the end of the demonstra-
tion they were asked to fill in their demographics information
such as age and gender and answer a few questions: whether
they would like a robot to adapt to their preferences, Adaptation
(Yes/No/Not sure), how interesting they think the presentation
was, Interesting (a 5-point Likert scale) and whether they remem-
bered the name of the robot, RobotName (yes/no). These ques-
tions were only answered by the people that stayed till the end
of the demonstration. SHORE was used to record people’s ex-
pressed happiness, Happiness [0-100], during their interactions
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Figure 6.5: Raw data of Discover Dublin experiment.

with the testbed as an additional measurement for the interac-
tion experience.

Experimental Setup: The system was set up in an exhibition
hall. It was the same setup as depicted in Figure 6.4.

Procedure: Participants were interacting with PRIveT for two-
three minutes and then prompted by a robot to answer a few
questions.

6.4.2 Results

In order to compare categorical data (Figure 6.6) a series of chi-
square tests was conducted for Vote, Stayed, and Opened Doors
measures. There was a significant difference : x2(1,N = 131) =

11.625,p = .001 for the Vote. These findings suggest that peo-
ple voted for our testbed demonstration significantly more in
the adaptive condition i.e. the content was adapted and more
appropriate to children and adults.

There is also a significant difference between adaptive and
non-adaptive speech content conditions in people’s duration of
the stay at the robotic demonstration (x2(1,N= 131) = 4.055,p=

.044) and people’s play with the toy kitchen through opening of
its doors (x2(1,N= 131) = 9.013,p= .003). People stayed till the
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Figure 6.6: Results of Discover Dublin experiment.

end of the self-demonstration and also opened kitchen’s doors
when asked by the robot when the speech content was adaptive
to the user age group.

When examining whether people responded with their name
when asked by the robot, there was non-significant difference
between conditions. The result here is not surprising since this
question was asked at the very beginning of the self-presenting
demonstration.

The following results are from the self-reported responses
that people filled in the questionnaires. Note that the number of
respondents was 55.7% of the total number of people that were
at the testbed stand. The questions on adaptation and whether
participants could correctly recall robot’s name did not indicate
statistical significance between adaptive and non-adaptive con-
ditions. Thus, the questionnaires were analyzed for potential
significance between age or gender groups. Nonparametric chi-
square analysis showed a non-significant difference between
age/gender groups in people’s preference for an adaptive robot.
In contrast, people significantly preferred the robot to adapt to
their preferences: x2(1,N= 73) = 13.364,p= .0002. Again, in ad-
dition to not identifying major differences between age/gender
groups in remembering robot’s name, people almost equally
did not remember the name and recalled it correctly.
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6.4.3 Conclusion of the Study

The final study at the public exhibition aimed to investigate
whether an adaptive verbal content delivered by the robot would
effect the way children and adults interact and engage with an
autonomous system. In order to supplement the use of ques-
tionnaires, alternative means of assessment were explored and
produced usable data showing significant differences in peo-
ple’s interaction with the testbed between adaptive and non-
adaptive conditions. In adaptive condition people were signifi-
cantly more likely to open kitchen doors, stay until the end of
the demonstration and event vote for our testbed in the research
competition. In contrast to questionnaires, these alternative
HRI metrics are particularly useful for evaluating HRI at pub-
lic environments and, in particular evaluating child-centered
research .

6.5 concluding remarks

This chapter presented four research studies that have used the
PRIveT testbed extensively. Findings from the studies suggest
to keep non-verbal social cues such as eye contact, gesticula-
tion, gazing and pointing at the kitchen appliances to all the
subsequent uses of the testbed since it significantly improves
people’s ratings of the system and most importantly their en-
gagement it.

Reflections on the testbed features that were important in
these studies and lessons learnt are also discussed. An assess-
ment of the robotic testbed in terms of utility of the design for
HRI experiments are addressed throughout the chapter.

To sum, over a number of experiments at public environ-
ments, the PRIveT testbed performed and proved to be efficient
for the HRI field studies. Its flexibility and scalability of compo-
nents allowed deployment in a wide range of settings and sce-
narios. In particular, self-presentation and self-demonstration
at the research exhibitions attracted a lot of attention to the con-
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cept of ubiquitous and smart environments, thus served a two-
fold purpose: introduction of the smart environment concept
to the public and evaluation of interactions with the system.
In order to supplement or replace the use of questionnaires,
qualitative measures were designed as an alternative means of
evaluation and worked very well for the HRI purposes.
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7
T O WA R D S A D A P T I V E H R I I N P U B L I C S PA C E S

This chapter presents an observational study conducted at Imag-
inosity play center. Imaginosity is an interactive pretend play
center for children younger than nine years old, which resem-
bles a mini-city with the goal to provide children an environ-
ment to ignite their imagination, and release their creativity
through pretend play. This study is inspired by Imaginosity’s
philosophy of the importance of pretend play for educational,
social and personal benefits of children. During the pretend
play scenario a humanoid NAO robot is able to dynamically
adapt its gender by changing its synthesized gendered voice
to match the perceived gender of children. In order to dynam-
ically estimate children’s age and gender, a perception mod-
ule, detailed in Chapter 4, is deployed utilizing the Microsoft
Kinect and a collected depth dataset of children’s 3D body met-
rics. This perception module managed to successfully deter-
mine children’s gender in real time, with 60.89% accuracy and
estimate children’s age with an mean error of only 1.83 years.

cHRI community experiences a need to develop methods that
can be used to evaluate and benchmark the quality of child-
robot interaction in a safe, ethical, and reliable way. This re-
search seeks to address these challenges by automating child-
centered qualitative evaluation. Based on the implemented robotic
system and its ubiquitous perception modality, the automation
of coding of qualitative measures is achieved. The efficiency
of such metrics is evaluated within the presented study with
children aged between 3 and 9 years old. By autonomously
perceiving child’s activity with the pretend play set, the NAO
robot is able to sense the interaction phase and respond accord-
ingly. The duration of the interaction, proximity from the robot,
and engagement with the pretend play furniture were automat-
ically logged in and, when compared to manual coding of these

125
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data, performed reliably for 81% of the cases. The results sug-
gest that children relate differently towards robot’s perceived
gender across age and gender groups and support gender seg-
regation hypothesis within child-robot interaction.

This work contributes with its experimental paradigm in which
automating behavioral measures address the challenges of eval-
uating social outcomes of child-robot interaction.

7.1 the pretend play autonomous system

Imaginosity is an interactive pretend play centre for children
younger than nine years old, which resembles a mini-city with
the goal to provide children an environment to ignite their
imagination, and release their creativity through pretend play.
Pretend or role play is any game or activity that requires chil-
dren to think for themselves to create entertainment and fun.
Many children participate in pretend play using household items
or particularly designed toys such as kitchen sets.

Educationists and psychologists believe that imaginative play
is a vital component to normal child development [131]. Chil-
dren face situations that far exceed their real-life experiences,
so they need to find solutions to dilemmas that they create,
and the process of problem solving becomes habitual [22]. By
practicing problem solving in an artificial environment, chil-
dren are better prepared to think of creative solutions to their
own real-life problems [117]. Since almost all children narrate
their pretend play experiences, they train their minds to trans-
form ideas into words, consequently developing communication
and language skills [131]. Whether playing with a real friend or
an imaginary character, pretend play requires children to look
outside of their own needs and desires. It helps children learn
compassion, empathy, and understanding, thus learning social
skills and empathy [123].

According to Trautner et.al. [136] (2005), traditionally female
stereotyped toys should be encouraged because they bring forth
more complex play behaviours when compared to male or neu-



7.1 the pretend play autonomous system 127

tral stereotyped toys. Female stereotyped objects such as the
kitchen set elicited a higher level of play complexity for both
boys and girls than the male stereotyped toys. Mechanical toys
provide the children with the motivation to play and thus may
help them overcome possible initial apprehensions. To sum up,
pretend play is an excellent source of creativity, insight, and
maturity for young children. As children increase the amount
of time and energy they spend in the world of make-believe,
they become more well-rounded [50]. In pursuit of these bene-
fits, an interactive scenario is motivated by a pretend play with
a kitchen set.

Pre-existing approaches to the generation of robust and fully
autonomous social robotic platform for public environments
are based on the idea of a standalone robot, in which sensor in-
put or feedback output have to substituted by the Wizard-of-Oz
control. That is, they do not consider the advantage of ubiqui-
tous robotics and ambient intelligence of multi-modal, multi-
sensory perception. This work achieves social autonomy by ef-
fective integration of ubiquitous sensory knowledge deployed
in the toy kitchen into action selection resulting in a robust and
fully autonomous interaction engine of the robotic system in-
spired by the pretend play set-up. The unprecedented quality
of social autonomy as achieved by this system thus advances
the state of the art by providing a more flexible and natural
way to realize and evaluate HRI.

Accordingly, the research questions posed in this chapter are
motivated by a pretend play interactive scenario in a public
environment. This scenario provides context for the observa-
tional study that look at how a humanoid robot might adapt as
a social autonomous mechanism in public environments and
for a methodological inquiry into developing automatic child-
centered qualitative evaluation.
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7.2 study with older children

The study was conducted at the primary school in Dublin over
two days.

7.2.1 Hypothesis

The hypothesis is motivated by the findings from behavioural
data described in Chapter 3 that suggest that children aged be-
tween 9 and 12 years old smiled significantly more toward the
female robot. We hypothesize that there will be Age x Gender
interaction effect: a robot of a particular gender will engage
boys and girls of the same age differently.

7.2.2 Method

Between-subject design is utilized: children interacted with ei-
ther female or male robot conditions.

7.2.3 Participants

The study involved 48 children, 26 girls and 22 boys. 22 chil-
dren interacted with male voice while 26 children interacted
with female voice.

7.2.4 Scenario

The study was structured as an interactive game. As the child
walks in the room, the robot waves its arm greeting the child
and explains that its new job is to keep people safe by remind-
ing them to turn off appliances in the kitchen. The child is
kindly asked by the robot to help it practice for the new job
by opening a microwave, an oven or a press of the toy kitchen
equipped with sensors. As the child opens the doors, the robot
notifies what appliance has been opened.
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NAO: Hello! (waving) My name is Harry/Rosie. What is your
name?

Child: (children say their name)

NAO: It is very nice to meet you. It is my first time outside of the
factory where I was created. My job is to help people be
safe by reminding them to turn off things in the kitchen.
Would you, please, help me practice for my new job? It’s
very easy to help (pause). You can open a microwave, an
oven or under the sink cupboard one at a time. You are
welcome to start (looking and pointing at the kitchen).

Child: (children open either a microwave, an oven or a cupboard).

NAO: The sensor inside the microwave/oven/cupboard (look-
ing and pointing at a particular appliance) detected that
you opened it. Could you, please, close it? If you want,
try to open something else!

Child: (children play with the kitchen for one minute)

NAO: Thank you so much for your help! You’ve earned a “Super
Star” sticker! Hope to see you soon. Bye-bye! (sitting
down).

7.2.5 Conditions

The independent variables were robot voices: a child male voice
and a child female voice namely Harry and Rosie. It should be
noted that the name of the robot was also gendered (i.e. Har-
ry/Rosie). On different days children were assigned to interact
with either female or male robot conditions.

7.2.6 Measurements

In order to evaluate children’s attitude toward the interaction
experience, we placed a web camera in front of the child cap-
turing facial expressions for real-time emotion analysis using
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Figure 7.1: Experimental Setup

SHORE [39]. For the purposes of this study, we only accounted
for the expressed happiness of the participants. Moreover, at
the intensity less than 50% the emotional state of the user is
assumed to be neutral.

The intensity score of the expressed happiness is recorded ev-
ery second over the duration of the study from the moment the
robot started speaking till the “Super Star” sticker is mentioned
by the robot. This time period is the most trustworthy since the
child’s full attention is taken by the robot and it eliminates po-
tential fallacious smiles caused in relation to the experimenter
or due to the sticker. The final average score of the expressed
happiness [0-100] is then calculated for each participant.
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7.2.7 Experimental Setup

This study was setup in a room which had a small entrance and
two benches on the sides. The room is used as a library and
has book shelves on the sides. Figure 7.1 presents the setup:
the kitchen is placed in the middle of the room with a NAO
standing next to it on the left.

7.2.8 Procedure

Each session involved one participant at a time. Children were
instructed to sit in a chair facing the robot and the smart kitchen
(see Figure 7.1) and follow robot’s instructions. The experi-
menter controlled the launch of each experiment session through
an iPhone application: as the child walked in the room, the
NAO woke up by standing up and greeted the child. After the
session, they were given a “Super Star” sticker by the experi-
menter.

7.2.9 Results

Raw data of the expressed happiness is depicted in Appendix
P. The data was normally distributed as determined by K-S test
of normality. A series of two-way ANOVA tests on different
ages was conducted in order to test for statistically significant
differences between robot gender conditions. We found a sig-
nificant interaction between the effects of child’s gender and
robot’s gender on the expressed happiness, F(1,8) = 9.43,p =

0.015 for 8 years old children. Boys and girls expressed sig-
nificantly more happiness towards the robot of the matching
gender. However, the results for other age groups were not sta-
tistically significant: F(1,4) = 0.98,p= 0.38 for children of 9, and
F(1,11) = 0.216,p = 0.65 for 10, and F(1,14) = 1.29,p = 0.28 for
11 years old children. Figure 7.2 illustrates these results. The
hypothesis was not supported: boys and girls did not express
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Figure 7.2: Expressed Happiness for Boys and Girls across Different
Age Groups

more happiness towards a particular gender within the same
age group.

7.2.10 Discussion

The results from this study indicate that children have differ-
ent preferences towards the robot’s perceived gender across age
groups, which is supported by the literature in child psychol-
ogy [31, 56, 85]. Gender stereotypes remain very rigid until 7

to 8 years of age. This is demonstrated in a statistically signif-
icant interaction (p < 0.05) between the effects of same-gender
voices on the expressed happiness by 8 years old children. Ac-
cording to [31], after 8 years of age knowledge of gender stereo-
types continues to increase, but stereotype rigidity gradually
decreases. Children’s gender concepts start to become more
flexible and adaptable which supports the non-significant in-
teraction between the two voice conditions for children of 9-11

years old.
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7.2.11 Conclusions of the study

This study provides strong support for continuing the research
direction of dynamically adapting the gendered voice of the
robot according to the gender of the young children aged under
9 years old. The limitations of this study need to be taken into
account for the expanded experiment. We need to recruit more
participants in order to increase statistical power. And since
it was a controlled experiment it was not possible to observe
children’s natural free will to play with the kitchen, for example
duration of interaction, compliance with robot’s suggestions,
and others. These limitations will be taken into account for the
younger age group experiment described in the next section.

7.3 observational study at imaginosity

The main observational study is conducted at Imaginosity play
center in order to exploit the advantage of the free uncontrolled
public environment where children are free to explore the play
center at their own pace, spend as much time as they want play-
ing at the particular section of the center. Children usually run
around the play center exploring the exciting mini city where
there is a food store, butchery, petrol station, hospital, bank
and other role playing set ups. The advantage of this play cen-
ter is that the child is free to explore the world of grown ups
and engage in pretend play at their own pace and of their inter-
est. The school studies described in the previous section and in
Chapter 3 did not take advantage of the possibilities to test the
engagement of the child with the robot based on the proximity,
duration, and compliance with robot’s instructions that is not
possible in the controlled experiments.
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Figure 7.3: Physical Setup at the Children’s Play Center

7.3.1 Hypothesis

A match between perceived robot gender and participant’s gen-
der will have a positive effect on social interaction with the
robot.

7.3.2 Method

The observational study exploits the between-group design where
one or more children interacted with a gendered robot that ei-
ther matched their gender (adaptive) or did not match (non-
adaptive). Participants were free to approach the robot and the
kitchen as desired. The interaction was completely autonomous
and timed.

7.3.3 Participants

There were a total of 74 children (34 girls and 40 boys) aged
between 3 and 9 years old who walked into the room with the
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robot. 45 children interacted with male robot, while 29 chil-
dren interacted with the female robot. Girl’s mean age is 6.15

years old (SD = 1.9) and boy’s mean age is 5.46 (SD = 1.74). At
the same time, 33 children interacted with an adaptive robot
while 41 children interacted with a non-adaptive robot. Chil-
dren were considered to be in non-adaptive condition when
their gender did not match the gender of the robot, for example
in cases of multi-party interaction. Demographic information
such as age and gender was acquired by the experimenter from
the children’s parents.

7.3.4 Scenario

The study was structured as an interactive pretend play sce-
nario of making robot cookies with the kitchen set and the
NAO robot. The child was kindly asked by the robot to help in
learning how to play with the kitchen set. As the child started
exploring the kitchen set, the robot expressed an excitement
when each door was opened and a child found a rolling pin,
play dough and cookie cutters shaped as a robot. The robot
suggested to make the robot cookie together. After the cookie
was finished, the robot thanked children and suggested to con-
tinue exploring the rest of the center. The flow of the interaction
logic is depicted in Figure 7.4.

7.3.5 Conditions

As the child walks in the room, the robot estimates child’s age
with our method for age and gender estimation with Microsoft
Kinect. Random children interacted with a non-adaptive con-
dition where robot’s age and gender did not match the per-
ceived child’s age and gender. The interaction was completely
autonomous and timed.

As the child walks in the room, the robot estimates child’s
age and gender with the help of Microsoft Kinect using the
previously developed method of child-centered age and gender
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Figure 7.4: Interaction Logic Flow

estimation based on the 3D body metrics described in Chapter
4. Depending on the estimated gender of the child(ren), the
voice of the NAO robot is set to either Rosie or Harry of English
UK accent. In addition to manipulating the gender of the robot
with its voice, NAO states that its name is either Rosie or Robie.
The robot matches its gender to that of the child (boy comes in
and the robot becomes Robie, girl comes in - the robot becomes
Rosie). Common to the public environment, there were regular
cases of two or more children being in the room with the robot
at the same time. In this case, the gender of the robot was
adapted according to the gender of the first detected child or
according to the majority’s gender.

It was not possible to approach every child to verify that the
robot was indeed perceived to be a boy or a girl. However,
the experimenter still managed to get the answers from the ma-
jority of children. All children interviewed unanimously per-
ceived the robot to be of the intended gender.
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7.3.6 Measurements

All measurements were autonomously logged for future pro-
cessing. However, participants were recorded throughout the
whole interaction in order to benchmark automatic measures’
performance reliability by manually video coding the measures.
Video was captured from a Kinect sensor mounted on the ta-
ble behind the NAO robot, and a standard camcorder posi-
tioned on a basket at the back of the room (as shown in Figure
7.5). The logging of autonomous measures include the dura-
tion of the interaction, Duration (seconds), proximity informa-
tion at two time slots, Acknowledgment Proximity_1 (Close/Av-
erage/Far) and Invitation Proximity_2 (Close/Average/Far) i.e. be-
fore and after the robot spoke. The reason for investigating
proximity at two discrete time slots is that each child’s proxim-
ity might vary for every child, thus we investigate the change
in the proximity before and after the robot spoke, pre- and post-
adaptivity. Proximity positions were collected from the Kinect
using depth data and were categorized to three distances, close
(near the robot), average (one meter from the robot) and far (at
the entrance).

7.3.7 Experimental Setup

The study was setup in a small room which had a small en-
trance (Figure 7.3 and resembled a bank. The physical space
where the interaction occurred is depicted in Figure 7.5: the
NAO is placed in the middle of the room with a toy kitchen
being to the left.

7.3.8 Procedure

Participants were free to approach the robot and the kitchen as
desired. The experimenter was not present in the room during
the interaction sessions in order to reduce potential bias on the
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Figure 7.5: Physical Space of the Experimental Setup

children’s proximity behavior and only monitored the children
through the glass window for safety reasons.

The interaction follows phases (Figure 7.4) in the adaptive
condition:)

• Acknowledgment. As child(ren) approached, human pres-
ence is detected. The number of people is recorded. For
each person detected, their age and gender are estimated.
Meanwhile, the NAO robot acknowledged their presence
by blinking and waving its right arm.

• Greeting. Depending on the number of the children present
and their age and gender, the robot verbally greeted the
child(ren) with either male or female voice. NAO intro-
duced itself by saying its name as Rosie or Robie depend-
ing on the estimated gender of the child(ren). The verbal
utterance was also varied depending on the number of
children facing the robot for the question: “What is (are)
your name(s)?”

• How are you? NAO asked the participant(s) how they were
doing and if they liked being at the Imaginosity.
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• How old are you? NAO then said that its age is 4 (depend-
ing on the estimated child’s age or the estimated mean
age of all children). NAO asked the participants how old
they are and this information is recorded as participants’
demographics.

• Invitation NAO explained that the world of people is un-
known to robots and suggested they play together in or-
der for the NAO to learn how to use the kitchen.

• Checking the Kitchen NAO suggests to open the shelves of
the kitchen. Depending on the shelf opened, the NAO
firstly asked what they could do with these items and
then suggested to check other drawers to look for other
items. Once all drawers were opened, the NAO expressed
its excitement since play dough, cookie cutters and a rolling
pin could be used for making cookies.

• Playing While the child(ren) was(were) busy with the play
dough, the rolling pin and the cookie cutters, the robot
was commenting that the child(ren) was(were) doing a
great job and complimented the participant(s) on being a
true chef. The NAO also said it was looking forward to
see the result and asked the child(ren) to show the cookie
once it is ready.

• Finishing Up After the timeout, NAO complimented on
the great job done making cookies together and how much
fun the robot had. NAO asked the participant(s) if they
enjoyed making cookies, and if they had to leave to see
and play at the rest of the museum.

• Goodbye. NAO wiped its forehead to express tiredness
and said goodbye to the child(ren).

7.4 results

In order to compare children’s observed behaviors between con-
ditions a series of chi-square analyses was conducted on cate-
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Figure 7.6: How much time children spent playing with the robot

gorical data and regression analysis on continuous data. Raw
data of this study is depicted in Appendices P-Q.

7.4.1 Duration

On average, children spent 310 seconds (approximately 5.2 min-
utes) interacting with the robot with a standard deviation of 369

seconds (6.15 minutes). The time children spent varied from as
little as 10 seconds to as long as 32 minutes. There was a statis-
tically significant difference between groups as determined by
one-way ANOVA: F(1,71) = 6.998,p = .010. A Tukey post-hoc
test revealed that children spent significantly more time play-
ing in adaptive condition (430.76 ± 445.45 sec) compared to
non-adaptive condition (210.28 ± 256.56 sec).

Thereafter, a two-way ANOVA was conducted that examined
the effect of gender and robot condition on duration of child-
robot interaction. The difference was not statistically significant
between the effects of gender and the robot condition, F(1,72) =
0.380,p = .540 suggesting that both genders were equally af-
fected by the gender segregation hypothesis.
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Figure 7.7: Percentage of Children Who Increased (+X) or Decreased
(-X) their Proximity with the Robot (Pre- and Post-
Adaptivity)

7.4.2 Pre- and Post-Adapting Proximity

We performed a series of Chi-square tests of independence be-
tween child’s gender, age group, robot’s gender, robot’s adapta-
tion and whether there was a change between child’s pre- and
post-adapting proximity. There were no significant differences
associated with child’s gender, age group, or robot’s adapta-
tion. However, there was a significant relationship between
robot’s gender and child’s change in proximity, �2(1,N= 74) =

7.717,p = .021,phi = 0.323. Child’s proximity decreased or did
not change in association with a male robot, Robie condition,
equally for boys and girls. Note that despite the fact that the
same percentage of boys and girls changed their proximity in
Robie condition (Figure 7.11), the percentage of boys and girls
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Figure 7.8: Girls’ Pre- (left) and Post-Speaking (right) proximity while
interacting with Robie

Figure 7.9: Boys’ Pre- (left) and Post-Speaking (right) proximity while
interacting with Robie

was actually different in each spatial zone (85.8% and 64.3% in
the Close spatial zone respectively). However, boys significantly
increased their distance from the robot when interacted with
the robot named Rosie that spoke with a genuine child female
synthesized voice. These findings are presented in Figure 7.7,
which illustrates whether and how children moved once the
robot spoke with a particular gendered voice. Note that group
dynamics might have had implications on children’s proxemics
behavior.

Figures 7.8, 7.9, 7.10 and Figure 7.11 illustrate pre- and post-
speaking proximity at Acknowledgment and Invitation time
slots i.e. before and after the robot spoke. We investigated
the change in the proximity before and after the robot spoke,
pre- and post-adaptivity, in order to eliminate potential biases
in the between-subject design

7.4.3 Verbal Responses

While video coding the interactions, we also captured whether
children’s verbal behaviors: whether children replied to robot’s
questions on their name, on their age, whether they like Imag-
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Figure 7.10: Girls’ Pre- (left) and Post-Speaking (right) proximity
while interacting with Rosie

Figure 7.11: Boys’ Pre- (left) and Post-Speaking (right) proximity
while interacting with Rosie

inosity, and whether they would like to play together with the
robot. However, there were no significant verbal communica-
tion differences found between genders, age groups, robot’s
genders, and adaptive and non-adaptive conditions.

7.4.4 Observed Behaviors

Many children touched the robot, principally on the top of
head, hands, face and its chest button. Once again, children
had responses that varied with gender. Only boys poked robot’s
eyes and covered its face. It would always happen when the
robot was not speaking. In contrast, girls never did it and
tended to stroke the robot more and touched its chest button.

On a few occasions with boys, the robot did provoke nega-
tive reaction for being a girl. A group of three boys came to
the room when the robot was Rosie, spent about 10 seconds
watching the robot wave. They seemed excited but as soon as
they heard the name of the robot was Rosie, one of the boys im-
mediately exclaimed “It is a girl! Let’s go!" and three of them
left the room. Similarly, another boy who was alone with the
robot upon hearing that robot’s name was Rosie covered his
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ears and left the room saying to his mother that he did not
want to play with the robot any more. Such strong reactions
were not observed with girls. Such interesting behaviors can
only be observed within uncontrolled nature of research.

At the same time, due to the observational (uncontrolled) na-
ture of the study, children were free to approach the robot as
desired. On many occasions they moved the web camera away
from them so we could not account for the analysis of facial
expressions. Similarly, children touched and moved Kinect, so
we had to manually video code the proximity information to
confirm the reliability of this metric. As with every social en-
vironment, there were regular cases of two or more children
being in the room with the robot at the same time. Such group
dynamics might have had implications on children’s proxemics
behavior. In these cases, the condition of the robot could not
be adapted to every individual child so some children experi-
enced non-adaptive condition. Our age and gender estimation
method had only captured the body metrics of 60 children as
opposed to 74 participants. Therefore, due to these reasons we
had to manually confirm children’s condition assignment as
well as children’s proximity information.

7.5 discussion

The observational study investigates the relationship between
children’s age and gender, and robot’s perceived gender manip-
ulated through gendered voice. The observational study was
conducted at the interactive pretend play center where a hu-
manoid robot NAO engaged with children in the making cook-
ies pretend play activity. The robot was able to dynamically es-
timate children’s age with a mean absolute error of 1.83 years
and classify gender with 60.89% of accuracy, and then match its
gendered voice with the estimated child’s gender. Free play of
children occurs largely in gender segregated groups, and this
impact on children choice to play with a gendered robot that
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matched their own gender was investigated by measuring be-
havioural data.

In addition, in order to supplement the use of questionnaires,
alternative means of assessment were explored. Based on the
implemented testbed and its ubiquitous perception modality,
the automation of coding of qualitative measures is achieved
and performed reliably in cases when a single child was present.
However, there were many cases when multiple people were in
the room and as a result we had to manually assign all partic-
ipants to robot conditions according to the time logged by the
Kinect and the web camera. Duration of the interaction, prox-
imity from the robot, and engagement with the pretend play
furniture were automatically logged in and, when compared to
manual coding of these data, performed reliably for all logged
participants (81% out of 74 children). In addition, we had to
manually map the duration of interaction and the proximity
information of around 20% of participants (14 children) since
their depth data was not logged. This automated data gather-
ing method is not meant to completely eliminate the manual
coding of the video data, but to assist in the coding process, for
example by substituting the need for the second human coder
who usually needs to code about 20% of the data. Proximity in-
formation was captured at two time slots in order to account for
individual differences in children’s social interactions. We also
measured whether children complied with the robot’s sugges-
tions and stayed to finish their cookies. And finally the most
reliable measure of interaction is duration of stay, in particu-
lar since children were not controlled to stay and were free to
leave whenever they wanted to. In contrast to questionnaires
that do not work particularly well for children, these alterna-
tive measurements are particularly important for evaluations
of child-centered research.

The results suggest that children respond socially to synthe-
sized speech in the context of robot play. More specifically, find-
ings from the study indicate that children recognize the gender
identity of the robot, and also apply gender-based social rules
- gender segregation for peer interactions. In summary, the re-
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sults from this observational study support the hypothesis that
children’s engagement a gendered social robot differ for boys
and girls. To conclude, the results from this study indicate
that children tend to follow the same tendency of gender seg-
regation in their interactions with a gendered robot. Gender
segregation is so prominent among children’s social environ-
ments, and according to our findings adapting robot’s synthe-
sized gendered voice to suit children’s preferences greatly im-
proves children’s engagement with social robots, which is in
line with our hypothesis and the literature in gender develop-
ment [31, 56, 85]. Interestingly, the fact that girls show more
and earlier stereotype flexibility than boys is also demonstrated
[31]: the proximity information showed significant differences
between robot’s gender conditions. Boys significantly increased
their distance from the robot when interacting with the female
robot, Rosie.

7.6 concluding remarks

This chapter presented the utility of the pretend play testbed
purposefully designed to achieve social autonomy of child-robot
interaction by effective integration of ubiquitous sensory knowl-
edge into action selection resulting in a robust and fully au-
tonomous interaction engine. An iterative approach was taken
to develop the interaction scenario inspired by the philosophy
of the importance of pretend play for educational, social and
personal benefits of children. With the goal to provide dynami-
cally adaptive capabilities for social robots tailored for children,
this research sought to investigate the impact of gender segre-
gation within child-robot interaction.

The chapter detailed two studies conducted with the testbed
described in Chapter 5. In the first study the robot provides
a small chat to introduce the kitchen while facial expressions
were logged in for future investigation. According to Cook
[31], after 7 to 8 years of age stereotype rigidity gradually de-
creases. Children begin to understand the cultural relativity of
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gender norms. Acceptance of cross-gender behaviour and ap-
pearance increases during middle primary school which sup-
ports the non-significant results toward same-gender robot for
children aged 9-11 years old.

In contrast, the second observational study was conducted in
a free uncontrolled way where children’s engagement with the
robot was measured by the natural free play of children. Free
play of children occurs largely in gender segregated groups,
and this impact on children choice to play with a gendered
robot that matched their own gender was investigated by mea-
suring the time they spent playing with the robot and their
proximity information. In order to supplement the use of ques-
tionnaires, alternative means of assessment were explored and
produced usable data showing significant differences in chil-
dren’s interaction with the pretend play testbed between adap-
tive and non-adaptive conditions. In contrast to questionnaires
that do not work particularly well for children, these alternative
and reliable measurements are particularly important for evalu-
ations of child-centered research. To conclude this chapter, the
results from both studies support the gender segregation hy-
pothesis for children younger than 9 years old but not for older
children.



8
C O N C L U S I O N

This thesis develops an approach to designing adaptive capa-
bilities for social robots tailored for children, which draws on a
theoretically and empirically grounded understanding of child
development impact on their interactions with social robots. It
seeks to demonstrate how these capabilities could deliver social
and cognitive benefits through a series of empirical studies.

Towards these larger goals, this work has made a set of tech-
nical, theoretical, methodological or practical contributions. The
theoretical contributions include an interdisciplinary, integrated
process for designing, building, and evaluating robot’s social
behaviours in cHRI. These contributions are listed in Section
8.1. The technical contributions advance the area of machine
perception from a child-tailored point of view which has been
underestimated to date. Section 8.2 summarizes these contribu-
tions. The practical contributions include the design, building,
and evaluating the child-centered HRI testbed iteratively cre-
ated via a number of empirical studies, which are described in
Section 8.3. The final section in this chapter discusses future
work.

8.1 theoretical contributions

With the objective of exploring how children’s perception of a
robot changes with age, this thesis presents a theoretically and
empirically grounded, interdisciplinary process for designing,
building and evaluating social child-robot interaction. First,
this thesis presents a survey from child developmental psychol-
ogy, which inspired the hypotheses of the empirical studies pre-
sented in this thesis which have attempted to examine gender
related social behaviours - gender segregation - within child-

148
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robot interaction. Thereafter, a series of empirical studies have
attempted to address this objective by investigating these hy-
potheses with large real-world experiments. Involving a total
of 200 child participants aged between 3 and 12 years old in
what to date represents one of the most comprehensive child-
centered interaction studies in social robotics. The empirical
findings presented in this thesis substantially complement re-
lated work in the field. Main findings and implications of each
of the two studies are summarized in the following sections:

8.1.1 Findings from Main Primary School Study

To shed light on the impact of child development tendency
of gender typing within 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 genuine child male or fe-
male synthesized voice. Children’s choice of the robot’s gender
for the third encounter was then assessed. The results sup-
port the hypothesis of gender segregation for younger children
(aged less than 8 years old). However older children (9-12 years
old) did not elicit gender segregation in their interactions with
a social robot. In contrast to children’s choice, the results from
subjective and behavioural measures adopted during the study
did not support the hypothesis. More specifically, findings
from the study indicate that young children were less likely
to attribute gender characteristics to robot’s voice since most
of the young children did not recognize the gender identity
of synthesized speech. This large-scale experiment provided
invaluable insights into how challenging child-centered evalua-
tion is. This thesis attempted to address these challenges in the
subsequent empirical studies of this thesis.
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8.1.2 Findings from Main Imaginosity Study

This thesis sought to identify patterns of gender development
within child-robot interaction. In order to address the chal-
lenges of child-centered user studies, this work continued by
performing an empirical study in uncontrolled natural settings
of children’s pretend play center, Imaginosity. Taking the ad-
vantage of this play center’s natural free play, children aged
between 3 and 9 years old were assessed on their proximity
from the robot and the duration of free play with the robot.
The results provide convincing evidence that young children
follow gender segregation in the context of robot play. More
specifically, findings from the study indicate that children ap-
ply gender-based social rules - gender segregation - to gender-
identified robot. It should be noted that, in contrast to the pre-
vious study, the robot says its gendered name (Rosie and Robie)
during this experiment.

In summary, the findings from the experiments 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 gen-
der 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 en-
gagement with the same-gender robot.

• Children aged between 9 and 12 years old are flexible
about robot gender. These findings are based on their
self-reported preferences for the robot and on their ex-



8.2 technical contributions 151

pressed happiness during interactions with same-gender
and opposite-gender robot.

These recommendations provide a strong motivation to de-
sign a social robot that evokes gender associations in order to
improve and maintain engagement, which is essential for ed-
ucational and therapeutic benefits to take effect. This thesis
contributes to the literature of HCI and, in particular, HRI, by
reporting upon important considerations when designing so-
cial robots and robotic applications for children.

8.2 technical contributions

With regard to the technical implementation realized within the
scope of this thesis, the contributions are twofold:

8.2.1 Child-centered Method for Age and Gender Estimation

This thesis explores a novel 3D methodology for age and gen-
der estimation that is specifically tailored to children. To date,
most existing methods are based on face analysis and do not
perform well with children; the system implemented within
this thesis advances the field by contributing a more reliable
and effective solution for real-time determination of age and
gender based on body proportions. As a result of applying
a dataset of children’s 3D body metrics, this novel methodol-
ogy outperforms existing face-based solutions (SHORE: 58.59%
(gender) and 4.98 MAE (age)) designed mainly for adults by
achieving 76.64% (offline) and 60.89% (real-time) accuracy in
gender classification and only 0.77 (offline) and 1.83 (real-time)
mean absolute error in age determination. This contribution
to the field of machine vision involved more than 500 children
aged between 5 and 16 years old participating with the develop-
ment of the dataset or with the performance evaluation during
BT Young Scientist Exhibition in 2014.



8.3 methodological contributions 152

8.2.2 Autonomous Ubiquitous Testbed for Public Environments

Pre-existing approaches to the generation of robust and fully
autonomous social robotic platform for public environments
are based on the idea of a standalone robot, in which sen-
sor input or feedback output have to substituted by Wizard-
of-Oz control. That is, they do not consider the advantage of
ubiquitous robotics and ambient intelligence of multi-modal,
multi-sensory perception. This work achieves social autonomy
of human-robot interaction by effective integration of ubiqui-
tous sensory knowledge into action selection resulting in a ro-
bust and fully autonomous interaction engine of the proposed
testbed. This testbed has been extensively exercised in a num-
ber of public demonstrations at perceptually challenging envi-
ronments and has proven to be autonomous, robust and a reli-
able robotic system. The testbed can be easily adopted to any
system, scenario or settings due to its flexibility and scalability
of components. Finally, the unprecedented quality of social au-
tonomy as achieved by the proposed testbed thus advances the
state-of-the-art by providing a more flexible and natural way to
realize and evaluate HRI.

In summary, the technical contributions result in a system
that enables a humanoid robot to dynamically adapt its be-
haviours according to the age and gender of children based
upon 3D body metrics. While this thesis focuses on adapting
the verbal behaviours of a humanoid robot to suit the prefer-
ences of children, this methodology could be applied to the
design of any adaptive system to be tailored for children.

8.3 methodological contributions

This thesis addressed the role of dynamic adaptation for human-
robot interaction in the uncontrolled natural settings of a chil-
dren’s pretend play centre that embraced the advantage of this
play centre’s natural free play. More specifically, this research
investigated the effects of adaptive strategies of verbal and non-
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verbal behaviour in social robotics, as well as different mecha-
nisms by which to generate such behaviours. An adaptive child-
tailored method allows social robots to dynamically generate
appropriate responses and behaviours according to child’s de-
velopmental differences.

This research sought to address the challenges of evaluating
child-robot interaction in a reliable way. To this end, a pretend
play interactive scenario is designed in order to address the
challenges of evaluating cHRI research. An iterative approach
was taken to develop the interaction scenario that has been con-
tinuously evaluated and refined through several user studies
in interaction with adults, older and younger children. This
interactive pretend play scenario is particularly suitable to chil-
dren’s public environments. Such public space context allows
evaluating a large sample size of the participants in a relatively
short period of time. Children get to engage in play at their
own pace, thus this scenario allows to measure children’s nat-
ural engagement with a robot by measuring duration of inter-
action, proxemics, and compliance with robot suggestions and
instructions. This thesis contributes with the development of
experimental paradigm for studying how children engage with
social robots in a dynamic free interaction.

8.4 future work

There are several research directions that can be taken in the
future as a result of the work presented in this thesis. First,
investigating the impact of gender segregation has only been
conducted with children younger than twelve. It would be in-
teresting to see whether adolescents elicit gender-based social
rules with gendered robots. Second, it would be interesting to
manipulate the gender of the robot not only through the gen-
dered voice but also through robot’s gendered appearance such
as clothes and gendered behaviours. We could also try to in-
vestigate gender effects with other social non-humanoid robots,
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for example with zoomorphic robots (iCat, Probo), creature-like
robots (Keepon), box or furniture robots (Ranger, Chester).

In addition, the same hypotheses could be investigated in
different application scenarios, but in this thesis only play sce-
narios were evaluated. For instance, it is interesting to explore
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.

Another aspect that could be further explored is related to
the adaptation method. The proposed child-centered age and
gender determination method needs to be used with the second
generation of Kinect, which has an improved quality of percep-
tion. It is also necessary to look into ways to improve gender
recognition results, for instance by fusing with face-based anal-
ysis. In addition to stationary depth data, it would be interest-
ing to see where it is possible to determine children’s age and
gender using their motion depth data such as gait.

The proposed HRI testbed is generic and thus could be ap-
plied to other furniture/robotic systems in different application
scenarios, for example, in learning environments or healthcare
related applications. Moreover, it would be useful to develop
a system that could automatically map various sources of data
gathering, for instance accelerometer data from wearable activ-
ity trackers and RGB-D data to reliably evaluate child activity
and engagement. Again, with an improved depth perception
of the second version of Kinect, information on proximity and
duration of interaction could be further improved.
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My#name#is#Anara#Sandygulova#and#I#am#studying#at#the#School#of#Computer#
Science#and#Informatics#in#University#College#Dublin#with#the#help#of#my#
supervisor,#Professor#Gregory#O’Hare.#I#would#like#to#find#out#what#robots#
should#be#like#so#that#children#like#them#more.#
#
I#would#really#like#to#hear#how#you#would#describe#this#robot#!##
and#what#you#might#say#about#it.#You#will#play#a#game#where#a#robot#will#
have#to#guess#different#shapes#and#drawings.#You#will#play#with#the#robot#
three#times#over#three#weeks.#You#will#be#asked#questions#about#the#robot#after#each#time.##
#
The#answers#would#be#private.#I#will#not#tell#your#teachers#or#your#family#what#you#say.##

#
You#can#ask#for#the#game#to#stop#at#any#time.#It#will#take#no#longer#than#10#minutes.##

#
You#can#say#yes#or#no.#It#is#up#to#you#whether#you#take#part.##
#
#
#
If#you#do#want#to#take#part,#please#ask#someone#to#help#you#read#the#form.#If#you#would#like#to#
take#part#by#playing#the#game#with#the#robot,#I#would#be#very#grateful#if#you#could#sign#the#
attached#form#and#return#it#to#school.##
#
#
####################################################
#
If#you#would#like#to#know#more#about#the#project,#please#contact#either#me#at#017162380,#
email#me#at#anara.sandygulova@ucdconnect.ie#or#Gregory#at#gregory.ohare@ucd.ie.#
#
####################################################
#
#
#
#
Thank#you#for#taking#the#time#to#read#this#letter#and#for#your#help.#
#################################################

Yours#sincerely,#
Anara#Sandygulova#

156



informed consent form for children 157

 

 

UCD School of Computer Science 
and Informatics 

Scoil na Ríomheolaíochta agus an 
Faisnéisíochta UCD 

UCD School of Computer Science and 
Informatics, 
University College Dublin, 
Belfield, Dublin 4, Ireland 
 
T +353 1 716 2483 
F +353 1 269 7262 

Scoil na Ríomheolaíochta agus an 
Faisnéisíochta UCD, 
An Coláiste Ollscoile, Baile Átha Cliath, 
Belfield, Baile Átha Cliath 4, Eire 
 
Csi.secretary@ucd.ie 
www.csi.ucd.ie 

#

If#I#agree#to#take#part#in#Anara’s#project#“Who#is#this#robot?”,#I#will#play#with#the#robot#three#

times#and#answer#a#few#questions#about#the#robot#each#time.##

#

• I#understand#that#the#game#with#the#robot#will#be#recorded.#

#

• I#understand#that#everything#I#say#about#the#robot#will#be#private.#

##

• I#understand#that#I#can#stop#the#game#at#any#time.#

#

If#you#understand#the#statements#above,#you#now#need#to#decide#whether#you#would#like#to#

take#part#in#the#project.##

#

I#have#decided#that#I#would#like#to#take#part#in#the#project#“Who#is#this#robot?”#

#

Please,#circle#your#answer:#No#or#Yes.#

##################################### ######################################################### #
###########################################No# # # # # ####Yes#

Signed…………………………………………#

Please#print#your#name…………………………#

Please!return!this!form!to!school!as!soon!as!possible#
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!
!

Informed!Consent!Form!
“Who!is!this!robot?”!Project!

!
Dear%Parent/Guardian,%
%
My%name%is%Anara%Sandygulova%and%I%am%PhD%candidate%working%at%University%College%Dublin%
with% the% help% of% my% supervisor,% Professor% Gregory% O’Hare.% I% am% doing% research% on% social%
robotics,%particularly%on%robot’s%adaptation%to%suit%preferences%of%children%across%different%age%
groups.% I% invite% your% child% to% participate% in% this% research.% Please,% read% this% form% and% ask%
questions%you%may%have%before%allowing%your%child%to%be%in%the%study.%
%
Background!Information:!!
A% literature% in% child% phycology% on% trends% in% gender% development1% suggests% that% children% of%
different%age%groups%show%different%reaction%regarding%children’s%toys,%activities,%traits%and%play%
preferences.%For%example,%until%7%or%8%years%of%age,%gender%stereotypes%remain%very%rigid,%but%
after%that%age%the%stereotype%rigidity%gradually%decreases.%Children’s%gender%concepts%start%to%
become% more% flexible% and% adaptable.% I% am% interested% to% investigate% whether% the% robot’s%
perceived%age%and%gender%will%affect% the%way%children%engage%with%the%robot%and%how% it%will%
differ%across%age%and%gender%groups.%%%%
%
Procedure:!%
The%study%is%structured%as%an%interactive%game%with%a%stationary%and%small%
humanoid% robot% NAO% (53% cm% tall,% see% Figure% 1).% There% are% pictures% of%
objects%and%animals%printed%on% the%cards%and% the%child% is%asked% to% show%
them%for%the%robot%to%guess%the%drawing.%As%the%robot%makes%a%guess,%the%
child%shows%another%card%and%so%on.%The%game%is%stopped%either%by%a%child%
or%after%5%cards%are%shown.%After% the%game,% the%child% is%asked% to% fill% in%a%
short%questionnaire%about%how%he%or%she%would%describe%the%robot.%Each%
child%meets%the%robot%three%times%over%three%weeks.%%
%
Video!recording!and!confidentiality:!
I%plan%to%video%record%the%game%to%help%me%process%the%interaction%later.% I%will%be%looking%for%
codes% on% how% engaged% the% child% has% been%with% the% robot% by% counting% the% number% of% cards%
shown,% amount% of% spoken% words% and% whether% the% child% smiled.% However,% the% data% will% be%
confidential% and% I%will% be% the%only% one%who%will%watch% the% interaction% video.%NoUone%will% be%
named%in%the%publication%and%all%the%data%will%be%anonymous.%The%study%has%been%approved%by%
the%ethics%committee%at%University%College%Dublin.%%
%
Voluntary!Nature!of!the!Study:!
I% would% really% appreciate% your% help% with% this% project% by% allowing% your% son% or% daughter%
participate%in%this%study.%I%have%asked%the%young%people%themselves%for%consent.%Your%child%has%
expressed%an%interest%to%participate%in%the%study%and%has%completed%a%consent%form.%%
                                                
1 J. Cook and G. Cook. Child Development: Principles and Perspectives. Allyn & Bacon, Incorporated, 2003. 

 

Figure 1 
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%
%
%
If%you%are%willing%to%agree%to%your%son%or%daughter%taking%part,%I%would%be%very%grateful%if%you%
could%sign%the%attached%form%and%return%it%to%school.%If%you%would%like%to%know%more%about%the%
project,%I%would%be%very%happy%to%answer%any%questions.%If%you%wish%to%do%this,%please%feel%free%
to% contact% me% at% 017162380,% anara.sandygulova@ucdconnect.ie,% or% Gregory% at%
gregory.ohare@ucd.ie.%
%
Many%thanks%for%taking%the%time%to%read%this%letter%and%for%your%help.%

Yours%sincerely,%
Anara%Sandygulova%

!
!
!
!
!
!

Re:!“Who!is!this!robot?”!Project!
%
I%am%aware% that%my%son/daughter% (print%name)……..…………………………………………%has%agreed%to%
take%part%in%your%project%“Who%is%this%robot?”%
%
I%do!wish%my%child%to%take%part%in%this%project.%%
%
Please%circle:%No%or%Yes.%%
%

                                             
% % %%%%%%%%%%%%%%%%%%%%%%No% % % % % %%%%%%Yes%
% %
%

Signed…………………………………………Parent/Guardian%

Please%print%your%name………………………………………….%

!!!!!!!!!!!!!!!!!!!!!!!!!Please%print%your%child’s%name……………………………….%

%%%%%%%%%%%%%%%%%%%%%%%%%Your%child’s%class………………………………………………….%

!

Please!return!this!form!to!school!as!soon!as!possible!!
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Information*Leaflet*
Project:*Who*is*this*robot?*

1.*Introductory*statement!
My! name! is! Anara! Sandygulova! and! I! am! PhD! candidate! working! at! School! of! Computer!
Science! and! Informatics! in! University! College! Dublin! with!my! supervisor,! Professor! Gregory!
O’Hare.! I!am!doing!research!on!social! robotics,!particularly!on!robot’s!personalization!to!suit!
preferences!of!children!across!different!age!groups.!!
!
2.*What*is*this*research*about?*
I! am! interested! to! investigate!whether! the! robot’s! perceived! age! and! gender!will! affect! the!
way!children!engage!with!the!robot!and!how!it!will!differ!across!age!and!gender!groups.!!!!
*
3.*Why*are*you*doing*this*research?*
A! literature! in! child! phycology! on! trends! in! gender! development2! suggests! that! children! of!
different!age!groups!show!different!reaction!regarding!children’s!toys,!activities,!traits!and!play!
preferences.!For!example,!until!7!or!8!years!of!age,!gender!stereotypes!remain!very!rigid,!but!
after!that!age!the!stereotype!rigidity!gradually!decreases.!Children’s!gender!concepts!start!to!
become!more!flexible!and!adaptable.!Children!might!perceive!the!robot!as!a!toy!or!as!a!social!
being.! In! both! cases,! this! is! an! important! study,! which! will! advise! the! design! of! robotic!
applications!for!children.!!
!
4.*How*will*the*data*be*used?*How*will*you*protect*my*privacy?*
I!plan!to!video!record!the!game!to!help!me!process!the!interaction!later.! I!will!be!looking!for!
codes! on! how! engaged! the! child! with! the! robot! by! counting! the! number! of! cards! shown,!
amount!of!spoken!words!and!whether!the!child!smiled.!However,!the!data!will!be!confidential!
and!I!will!be!the!only!one!who!will!watch!the!interaction!video.!NoMone!will!be!named!in!the!
publication! and! all! the!data!will! be! anonymous.! The! study!has!been! approved!by! the! ethics!
committee!at!University!College!Dublin.!!
*
5.*What*will*happen*if*I*decide*to*take*part*in*this*research*study?*
The!study!is!structured!as!an!interactive!game!with!a!stationary!and!small!
humanoid! robot! NAO! (53! cm! tall,! see! Figure! 1).! There! are! pictures! of!
objects!and!animals!printed!on!the!cards!to!show!to!the!robot.!The!child!is!
asked! to! show! them! for! the! robot! to! guess! the! drawing.! As! the! robot!
makes! a! guess,! the! child! is! asked! to! show! another! card! and! so! on.! The!
game! is! stopped! either! by! a! child! or! after! 5! cards! are! shown.! Each! child!
plays!this!game!two!times!with!a!male!and!a!female!robot!voice!two!weeks!
apart.! The! child!meets! the! robot! for! the! third! time! to! listen! to! the! story!
narrated! by! the! robot.! The! voice! conditions! are! changed! each! time.! The!
game!will! last! for!about!5!minutes!and!a!questionnaire!will! include!what!
children! think!of! the! robot,! for!example!whether! they! think! the! robot! is!
kind!or!clever.!!

                                                
2J.!Cook!and!G.!Cook.!Child!Development:!Principles!and!Perspectives.!Allyn!&!Bacon,!Incorporated,!2003.!

 

Figure 2 
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!
6.*What*are*the*benefits*of*taking*part*in*this*research*study?* *
Children!will!have!an!opportunity!to!interact!with!the!humanoid!robot!NAO,!which!might!boost!
their! interest! in!science!and!technology,! thus!a! future!career!path.!The!benefits!of! the!study!
are!to!investigate!an!important!design!consideration!of!so!that!children!feel!more!comfortable!
and!the!robots!become!more!acceptable.!!
*
7.*What*are*the*risks*of*taking*part*in*this*research*study?*
The! robot! is! a! small! humanoid! robot,! 53! cm! tall.! It! is! very! fragile! itself.! Children! are! not!
required! to! touch! the! robot,! therefore! there! is!no! risk! the! robot!will! cause!any!harm! to! the!
child.!
!
8.*Can*I*change*my*mind*at*any*stage*and*withdraw*from*the*study?*
Yes.!The!child!can!stop!the!game!at!any!time.!And!the!data!can!be!withdrawn!from!the!results!
without!explanation.!!
!
9.*How*will*I*find*out*what*happens*with*the*project?*
If!you!would!like!to!know!more!about!the!project!or!its!future!status,!I!would!be!very!happy!to!
answer!any!questions.! If!you!wish!to!do!this,!please!feel!free!to!contact!me!at!017162380!or!
email!me!at!anara.sandygulova@ucdconnect.ie!or!Gregory!at!gregory.ohare@ucd.ie.!!
!
Many!thanks!for!taking!the!time!to!read!this!letter!and!for!your!help.!
!

Yours!sincerely.!
Anara!Sandygulova!

!
!
!

!
!
!
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Q U E S T I O N N A I R E F O R T H E F I R S T S E S S I O N
( B E F O R E I N T E R A C T I O N )

!
Please,!answer!the!following!questions.!All!your!answers!will!be!a!secret!between!you!and!me.!!!
!
You!name:!________________!
!
Your!class:!________________!!
!
Your!age:!!!________________!
!
!
Your!gender:!!

!!!!!!!!!!!!!!!!!!�girl!!!!!�boy!
!
Your!height:!_______________!
!
!
How!do!you!feel!now?!!
!

!!!!!!!!!!!!!!!!!!!! !
       �Awful!!!!!!�Not!very!good!!!!�Good!!!!!!!!�Very!good!!!!!!�Happy!
!

!
   �Excited!!!!!!!!!!!!�Interested!!!!!!!!!!!�Normal!!!!!!!!!�Uninterested!!!!!!!�Bored!

!
!
!
!
!
!

! !
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E
Q U E S T I O N N A I R E F O R T H E F I R S T S E S S I O N
( A F T E R I N T E R A C T I O N )

Please,!answer!the!following!questions.!All!your!answers!will!be!a!secret!between!you!and!me.!!!
!!!!!!!!!!!!!!!!!!!

!
What!do!you!think!the!robot!is:!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!�girl!!!!�boy!!!�not!sure!!!!
!
What!do!you!think!the!age!of!the!robot!is:!!!!

!!!!!!!!!!!!!!!!!!!!!!!!�5L12!�13L18!�18Lolder!�not!sure!!!!
Most!of!your!good!friends!are:!!!�girls!!!!�boys!
!
How!do!you!feel!now?!!

!!!!!!!!!!!!!!!!!!!! !
       �Awful!!!!!!�Not!very!good!!!�Good!!!!!!!!�Very!good!!!!!!�Happy!
!

!
   �Excited!!!!!!!!!!!!�Interested!!!!!!!!!!!�Normal!!!!!!!!!�Uninterested!!!!!!!�Bored!

!
Playing!with!the!robot!was?!!

!!!!!!!!!!!!!!! !
          �I!really!enjoyed!it!!!�I!quite!enjoyed!it!!!!�It!was!indifferent!!!�I!was!quite!bored!!!!�I!was!very!bored!

!
Do!you!think!the!robot!is!….?!!
!

!!!!!!!!!!!!!!!!!!!!! !
           �Cold!!!!!!!!!!!!�Unpleasant!!!!!!!!�In!between!!!!!!!!!!�Warm!!!!!!!!!!!!!!�Friendly!!!!!!!
!

!
How!did!you!feel!during!the!game!with!the!robot?!!
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!!!!!!!!!!!!!!!!!!!!! !
        �Nervous!!!!!!!!�Uncomfortable!!!!!!!!!�Fine!!!!!!!!!!!!!!!!�Calm!!!!!!!!!!!!!!!!�Relaxed!

!
For!me,!the!robot!would!be!like:!
 

� playing!with!a!toy!
� playing!with!a!game!console!
� playing!with!a!friend!
� playing!with!a!pet!
� other!_________!

!
!
Do!you!think!the!robot!is!….?!!
!
!

        
 
         �Mean!!!!!!!!!!!!!!�Not!nice!!!!!!!!!!!�In!between!!!!!!!!!!!!�Nice!!!!!!!!!!!!!�Very!Kind 

!
Mark!the!segment!that!fits!best!on!how!the!robot!appears!to!you:!!
!
!
!
!
!
!
!
!
!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
Write!down!the!reason!why!______________________________________________________!

!
Would!you!like!to!play!with!the!robot!again?!!!!!!!!!!!!!!!!!!!!!!!!!!!!�No!!!!!�Maybe!!!!!�Yes!
!!



F
Q U E S T I O N N A I R E F O R T H E S E C O N D S E S S I O N
( B E F O R E I N T E R A C T I O N )

Please,'answer'the'following'questions.'All'your'answers'will'be'a'secret'between'you'and'me.'''

'

You'name:'________________' ' ' ' Your'class:'________________''

Your'age:'''________________' ' ' ' Your'gender:'''''�girl'''''�boy'

'

Which'picture'best'describes'your'mood'now:''

'

'''''''''''''''''''''

'

'

'

And'which'one'of'these'pictures:''

'

'

___________________________AFTER'THE'GAME_______________________________'

'''''

''''''''''''

What'do'you'think'the'robot'is:'''''

'''''''''''''''''''''''''''' '''''�girl''''�boy'''�not'sure''''

!
What'do'you'think'the'age'of'the'robot'is:''''

''''''''''''''''''''''''�5H12'�13H18'�18Holder'�not'sure''''

'

Most'of'your'good'friends'are:'''�girls'''''�boys'' �50/50'

'

Which'picture'best'describes'your'mood'now:''

'

'''''''''''''''''''' '

'

And'which'one'of'these'pictures:'
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G
Q U E S T I O N N A I R E F O R T H E S E C O N D S E S S I O N
( A F T E R I N T E R A C T I O N )

Playing'with'the'robot'was?''
  
 
 
 
 

�I'really'enjoyed'it'''�I'quite'enjoyed'it''''�It'was'indifferent'''�I'was'quite'bored''''�I'was'very'bored'
'
Do'you'think'the'robot'is'….?''

''''''''''''''''''''' '
       �Unfriendly'''''''''�Unpleasant''''''''�In'between'''''''�Pleasant''''''''''''�Friendly'''''''

'

How'did'you'feel'during'the'game'with'the'robot?''

''''''''''''''''''''' '
        �Nervous''''''''�Uncomfortable'''''''''�Fine''''''''''''''''�Calm''''''''''''''''�Relaxed'

Do'you'think'the'robot'is'….?''
'
'

        
 
         �Very Mean'''''''�Mean' ''''''�In'between'''''''''''''�Kind'''''''''''''''�Very'Kind 

For'me,'the'robot'would'be'like:' ' ' ' ' ''''''''''''Which'part'of'this'circle'best''
� playing'with'a'toy' ' ' ' '''''describes'how'the'robot'appears'to'you:'''
� playing'with'a'game'console'
� playing'with'a'friend'
� playing'with'a'pet'
� other'_________'

'
Would'you'prefer'the'robot'to'be'a'girl'or'a'boy?'''''''''''''''''''''''
�Girl'''''' �Boy''''' �Doesn’t'matter''
'
Would'you'prefer'the'robot'to'be'a'child'or'an'adult?'''''''''''''''''''''''
�Child''' �Adult' '�Doesn’t'matter''
'
NAO'will'tell'you'a'story.'What'voice'do'you'choose'for'
the'robot'to'tell'you'a'story:''�1'�2''
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