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Abstract

In recent years, robots have been prevalent in almost all domains. One of the
most common applications of social robotics is for education with children.
This dissertation addresses the integration of creativity-related education in
child-robot interactions. Creativity is a required skill in the 21st century. It is
regarded by many researchers as an essential survival skill. It has been estab-
lished that current educational methods limit children’s freedom of expression
and therefore, negatively impact their creative abilities. To date, a few re-
search attempts have focused on developing social child-robot interactions to
foster children’s creativity.

In this work, methods were investigated to boost children’s creativity
skills through social interactions with a robot in a storytelling context. To
define and evaluate creativity, standard four creativity measures were used
throughout the thesis: fluency, flexibility, elaboration and originality.

First, a social activity was developed to be performed between a social
robot and a child. The activity comprises of two games: an interactive prim-
ing game and a storytelling game. The activity has been used throughout the
thesis to evaluate implemented algorithms and methods. Second, 3 field stud-
ies were conducted with 210 school-aged children (5-10 years old). In these
studies, the developed activity was used and notions of emotional alignment
and creativity alignment between a child and a social robot were examined.
In the context of this work, the concept of behavioral alignment refers to
the synchronisation between the robot and the child that results in the child
mirroring the robot. Emotional alignment occurs when a child mirrors the
robot’s emotions. Whereas, creativity alignment results in the child behav-
ing creatively as an effect of interacting with a creative robot. Through the
conducted studies, the effects of the various types of child-robot behavioral
alignment on children’s emotional states, engagement with the robot and chil-
dren’s creativity skills were investigated. Third, a computational model that
enables a conversational agent to collaboratively interact with a child in a
storytelling activity in a creative manner was produced. The computational
model was implemented to be used in an integrated manner with the software
interface of the storytelling game. The data collected in the first two studies
was used to train the computational model that was assessed through the
third and last study.

The findings highlight the effectiveness of social robots in promoting chil-
dren’s creativity skills. They emphasize the potential of the developed edu-
cational application (storytelling game interface + computational model) in
improving children’s creative abilities. This work enriches the literature with
new insights on developing robot’s behaviors that benefit children’s creative
processes and therefore, is significant to the Child-Robot Interaction (cHRI)
community.

Keywords: child-robot interaction, social robotics, robots for education, cre-
ativity, behavioral alignment, conversational agents, language models
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Sammanfattning

De senaste åren har robotar varit vanliga inom nästan alla domäner. En
av de vanligaste tillämpningarna av social robotik är användningen av ro-
botar för utbildning med barn. Denna avhandling tar upp integrationen av
kreativitetsrelaterad utbildning i barn-robotinteraktioner. Kreativitet är en
nödvändig färdighet p̊a 2000-talet. Det anses av många forskare som en viktig
överlevnadsförmåga. Det har konstaterats att nuvarande pedagogiska meto-
der begränsar barns yttrandefrihet och därför negativt p̊averkar deras kreativa
förmåga. Hittills har n̊agra forskningstudier fokuserat p̊a att utveckla sociala
barn-robotinteraktioner för att främja barns kreativitet.

I detta arbete har vi undersökt metoder för att öka barns kreativitetsförmåga
genom social interaktion med en robot i ett berättande sammanhang. V̊ara
resultat visar hur effektiva sociala robotar är när det gäller att främja barns
kreativitet. V̊art arbete berikar litteraturen med nya insikter om utvecklingen
av robotars beteenden som gynnar barns kreativa processer.
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Chapter 1

Introduction

1.1 Robots for Education

In the current era of technology, technological advances for education with chil-
dren are being developed everyday. Educational technology applications for chil-
dren range from playing basic games on smart phones and designing and pro-
gramming robotic agents and tool kits (i.e LEGO mindstorms, Thymio [1] and
Cozmo1); to engaging in interactions with artificial social agents for educational
purposes (i.e social robots or social virtual characters). Social artificial agents are
among the advanced technologies most commonly used nowadays and education
is only one of their numerous applications. The social nature of social robots
or virtual characters enables the social, emotional and cognitive development of
children included in the relevant interactions. Because of their relatively high
cost in comparison to other technologies for education, the use of social robots
must be justified. These justifications may include the use of robots for educating
children about the physical world or the use of the robots for physically manipu-
lating their surroundings as part of the educational process (i.e teaching children
handwriting and basketball) [2]. In general, the literature emphasizes some more
benefits of using social robots over virtual characters. Users show higher signs of
engagement and learning-related social behaviors when interacting with a physi-
cal robot [3]. In collaborative tasks, users tend to be more engaged, and perceive
the agent more positively when interacting with a robot than a virtual agent or
a robot presented on screen [4–7]. Robots have also produced better results than
virtual characters or virtual robots in interactions that involve solving cognitive
puzzles [8], coaching about healthy eating [6] and motivating weight loss [9].

Delegating some of humans’ routine oriented tasks to robots (including edu-
cational tasks that involve repetition for practice) frees up the time and space for
human innovation and creative problem solving for more cognitively demanding
tasks. Using robots for education with children allows repetitive interactions for

1https://www.digitaldreamlabs.com/pages/cozmo
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6 CHAPTER 1. INTRODUCTION

knowledge practice avoiding possible emotional outbursts of anger, anxiety and
impatience that humans exhibit in similar real-life situations. Furthermore, chil-
dren perceive robots as engaging tools which improves their intrinsic motivation
to play with them and may consequently result in higher learning gains. In other
words, with the adequate use of robots for corresponding convenient educational
tasks, there is a potential to maximise children’s learning benefits by using robots
for education alongside the primary human innovators, educators and teachers.
In that case, robots play the role of supportive learning aids to humans in the
educational field.

By scrutinising the cHRI literature, authors of a recent review about social
robots for education report that the most commonly used robots for children are
the Nao followed by Keepon [2]. The authors attribute Nao’s popularity in the
cHRI field to its appearance, ease of use, adequate price and availability. Nao, as
shown on Figure 1.1, is a humanoid robot with a head, a torso and arms capable
of head movements, body movement (i.e walking) and gestures. It has a child-
friendly appearance with a comparable height to children (58 cm). In contrast,
Keepon is a 25 cm yellow snowman toy-like robot as displayed on Figure 1.1. It
has three facial dots representing a nose and two eyes. The illustrated differences
between the two most used types of robots for education result in the variability
of the purposes they may be used for.

(a) (b)

Figure 1.1: Sample interactions between children and a robot: a) a child
playing a game with the Nao robot [10]. b) a child interacting with two
Keepon robots [11].

Established education theories have suggested the notion of “Construction-
ism” which suggests that a student best learns by building a physical artefact and
by reflecting on the challenges encountered during the building process [12, 13].
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Research in robotics for education was initiated based on the constructionism the-
ory that is the most adopted theory for the use of robotics in classrooms nowa-
days [14]. Children are able to master programming skills and get acquainted
with robotics technology by designing and building robots [14,15]. Moreover, so-
cial robots have been used in child-robot interactions for teaching children about
mathematics [16], kinematics [17], music [18] and languages [19,20].

In educational child-robot interactions, the role of the robot varies between a
tutor, a peer or a novice [14]. A robot tutor manipulates learning material to aid
the educational process of children. One instance of this would be the example
of a robot teaching children vocabulary [21] or adapting science exercises based
on children’s performance to maximize their learning gain [22]. A peer robot
acts as a companion in the child’s learning process. For example, a robot that
collaboratively solves exercises with a student in class [23]. Children may also
learn or improve their performance on a given task by teaching a novice robot.
In the CoWriter project, children improved their motor writing skills by teaching
a robot how to write [24,25]. The role of the robot is often portrayed and backed
up by its behavior. Upon analysing prior literature, some robots’ behaviors have
been found to deliver better learning outcomes. Behaviors such as personalised
content delivery [26,27], adaptive social support [22,28], mutual gaze behavior [29]
and joint attention [21] have cast a positive impact on the interaction’s perceptual
outcomes as well as relevant learning performance metrics for the children.

As described in [2], despite the extensive research conducted about education
in cHRI, introducing robots into educational practice presents some challenges.
Above all, robots have to be embedded with strong perception skills that allow
them to perceive and interact with their surrounding environment. One of the
biggest challenges facing the field of cHRI is speech recognition that is far from
optimal with younger children. Solving speech recognition issues through other
means such as touch screens is seldom practical and impedes the interaction’s
natural progress.

Throughout this dissertation, methods are implemented to overcome existing
challenges in the cHRI field and improve children’s learning experiences.

1.2 Research Questions and Contributions

In the 21st century, as the world is shifting from industrial to creative economies,
creativity is becoming an essential skill for an innovative working environment [30].
According to previous research: 1) a creativity crisis occurs as children are mov-
ing from kindergarten to elementary school because of limits enforced on play
time and freedom of expression [31–34], 2) creativity may be nurtured and nour-
ished throughout life [35]. Hence, it becomes important for children to develop
creativity since a very young age. Lately, researchers in cHRI have devoted signif-
icant attention to the use of social robots in order to nurture children’s creativity
skills. Furthermore, previous research also suggests that children may mirror be-
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haviors from social robots such as creativity [36–38], curiosity [39] and growth
mindset [40]. For the purpose of this thesis, these findings have motivated the
focus on creativity as a learning performance metric. The relationship between
behavioral alignment between a robot and a child and the child’s creativity skills
and the possibility of mediation of this relationship by the engagement between
the child and the robot were further explored. Hence, the following research
questions were defined for this dissertation:

RQ1. How does behavioral alignment between a child and a
robot affect the child’s creativity performance and how is the
effect mediated by the engagement of the child with the robot?

To address this research question, the following two objectives were identified:

• O1. Develop a collaborative child-robot activity to assess children’s creativity
performance.

To evaluate children’s creativity skills, a software interface that allows children
to tell stories either to or with the robot was implemented. The framework
was consistently used throughout this Ph.D. work with occasional additions
or modifications. In the last study, the software interface was coupled with
a model that is applied to a robot to allow it to autonomously and collab-
oratively create stories together with children. Further details about this
framework are listed in Chapter 3.

• O2. Determine the effects of behavioral alignment between the child and the
robot on the child’s creativity performance and how these effects are mediated
by engagement between the child and the robot.

In order to achieve this objective, two tracks of behavioral alignment were
revisited.

1. Emotional alignment between a child and a robot: for this track,
Study 1 was conducted and the occurrence of emotional alignment between
children and a social robot was investigated. In the context of this work,
emotional alignment occurred if children mirrored the robot’s emotional ex-
pressions. The social robot expressed the emotional expressions via speech
content and facial expressions. Afterwards, assessment of whether the emo-
tional alignment resulted in higher engagement between the children and the
robot was performed. Then, the effects of the emotional alignment and the
resulting engagement on children’s creativity skills were measured. The pro-
cedures and assessment of this study is presented in details in Chapter 4 and
also in the publications listed here:

(A) Elgarf, M., Calvo-Barajas, N., Paiva, A., Castellano, G., & Peters, C.
(2021, May). Reward Seeking or Loss Aversion? Impact of Regulatory
Focus Theory on Emotional Induction in Children and Their Behavior
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Towards a Social Robot. In Proceedings of the 2021 CHI Conference on
Human Factors in Computing Systems (pp. 1-11).

(B) Elgarf, M. *, Calvo-Barajas, N. *, Alves-Oliveira, P., Perugia, G., Castel-
lano, G., Peters, C., & Paiva, A. (2022, March). ” And then what hap-
pens?” Promoting Children’s Verbal Creativity Using a Robot. In Pro-
ceedings of the 2022 ACM/IEEE International Conference on Human-
Robot Interaction (pp. 71-79).

In papers (A) and (B), the Ph.D. student collaborated with Natalia Calvo-
Barajas -Ph.D. student at Uppsala University- on devising the methodologies,
implementing the software interface and the robot’s behaviors as well as con-
ducting the study (50% of the work for each). In paper (A), the Ph.D. student
formulated the research questions, led the behavioral coding analysis proce-
dure, executed the statistical analysis and wrote the full paper. In paper (B),
the Ph.D. student collaborated with Natalia Calvo-Barajas (on a 50% basis)
on formulating the research questions, coding the behavioral data and writ-
ing the discussion and the conclusion sections of the paper. Individually, the
Ph.D. student performed the statistical analysis and wrote the related work
and the results sections. Patricia Alves-Oliveira -post-doc at the University
of Washington- developed the coding scheme and helped with the process of
behavioral coding analysis. The supervisors and contributors reviewed and
provided feedback to improve the papers.

2. Creativity alignment between a child and a robot: to explore this
track, Study 2 was conducted where the impacts of wizard-ed creative behav-
ior of a robot on children’s creativity skills were investigated. In the context
of this work, creativity alignment refers to children exhibiting creativity while
interacting with a creative robot as a form of synchronisation between them.
This study is illustrated in Chapter 5 and also in the following publication:

(C) Elgarf, M., Skantze, G., & Peters, C. (2021, September). Once Upon a
Story: Can a Creative Storyteller Robot Stimulate Creativity in Chil-
dren?. In Proceedings of the 21st ACM International Conference on
Intelligent Virtual Agents (pp. 60-67).

In paper (C), the same storytelling software implemented in the previous
study was used. Nevertheless, the Ph.D. student developed the robot’s be-
haviors, conducted the study, formulated the research questions, led the be-
havioral coding analysis procedures, performed the statistical analysis and
wrote the paper. The supervisors reviewed and commented to improve the
paper.
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RQ2. How to adapt the behavioral alignment between a child
and a robot in order to maximize children’s creativity
performance?

To assess this research question, the following objective was fulfilled:

• O3. Develop a model based on the first two objectives to maximize the
creativity performance of children.

Based on results achieved from the first two objectives and using the data
collected in Study 1 and Study 2 as training data, a fine-tuned model was
produced to maximize children’s creativity performance. The resulting model
allowed a robot to autonomously and collaboratively create a story together
with children in a creative manner in an attempt to induce creativity in chil-
dren. The model was validated through an online study with adults to ensure
its viability for the purpose it was created for. Study 3 was then conducted
with children to assess the impact of the autonomous robot’s creative behavior
on children’s creativity skills while collaboratively telling a story with a robot
using the same storytelling interface used in the previous studies. Conse-
quently, an important contribution of this thesis is the implemented software
interface along with the developed model for the robot that may be used as an
educational application to improve children’s creativity skills. Specifications
about the model, its validation online study and the procedures for Study 3
are illustrated in Chapter 5 and also in the publications listed here:

(D) Elgarf, M. & Peters, C. (2022, October). CreativeBot: a Creative Sto-
ryteller Agent Developed by Leveraging Pre-trained Language Models.
In 2022 IEEE/RSJ International Conference on Intelligent Robots and
Systems (IROS). IEEE. (full paper - to appear)

(E) Elgarf, M., Zojaji, S., Skantze, G. & Peters, C. (2022, November). Cre-
ativeBot: a Creative Storyteller Robot to Stimulate Creativity in Chil-
dren. In Proceedings of the 2022 International Conference on Multi-
modal Interaction (ICMI). (full paper - to appear)

In paper (D), the Ph.D. student processed the training data, fine-tuned the
model, conducted the validation study, executed the statistical analysis and wrote
the paper. The supervisor provided feedback to improve the paper. In paper (E),
the Ph.D. student executed the integration between the model produced in pa-
per (D) and the robot, conducted the study, led the behavioral coding analysis
procedure, conducted the statistical analysis and wrote the paper. Sahba Zojaji,
another Ph.D. student at the Embodied Social Agents Lab (ESAL), helped with
conducting the study and the behavioral coding analysis. Dr. Gabriel Skantze
helped with the technical integration between the model and the robot and with
the formulation of the research questions. Dr. Christopher Peters provided feed-
back on the writing.
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Table 1.1: Summary of the research questions investigated along with
the corresponding objectives and executed tasks throughout the Ph.D.
thesis.

Research Questions Corresponding Objec-
tives

Tasks Executed

RQ1. In cHRI, how does
behavioral alignment af-
fect children’s creativity
and how is the effect me-
diated by engagement?

O1. Develop a collabo-
rative child-robot activity
to assess children’s cre-
ativity.

O2. Determine effects
of behavioral alignment
on creativity and their
relationship with engage-
ment.

- Implemented the
collaborative activity.

- Conducted Study 1
and 2.
- Published papers
(A), (B) and (C).

RQ2. In cHRI, how
to adapt the behavioral
alignment in order to
maximize children’s cre-
ativity?

O3. Develop a model to
maximise children’s cre-
ativity.

- Generated the model.
- Conducted Study 3.
- Published papers (D)
and (E).

Table 1.1 summarises the discussed research questions and the corresponding
objectives.

Additional not included publications

(F) Elgarf, M., & Peters, C. (2019, September). Rock Your Story: Effects of
Adapting Personality Behavior through Body Movement on Story Recall. In
Proceedings of the 7th International Conference on Human-Agent Interaction
(pp. 241-243).

(G) Calvo, N., Elgarf, M., Perugia, G., Peters, C., & Castellano, G. (2020, March).
Can a Social Robot Be Persuasive Without Losing Children’s Trust?. In Com-
panion of the 2020 ACM/IEEE International Conference on Human-Robot
Interaction (pp. 157-159).

(H) Calvo-Barajas, N., Elgarf, M., Perugia, G., Paiva, A., Peters, C., & Castellano,
G. (2021). Hurry Up, We Need to Find the Key! How Regulatory Focus Design
Affects Children’s Trust in a Social Robot. Frontiers in Robotics and AI, 197.

In Paper (F), the Ph.D. student devised the methodology, implemented the
system, formulated the research questions, conducted the study and the statistical
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Figure 1.2: The various notions covered by the thesis organised by in-
cluded publications. The nature of the task is presented in blue, the
evaluated measures in green and the type of behavioral alignment in
red.

analysis and wrote the paper. In paper (G), the Ph.D. student implemented the
software interface used for the study and collaborated with Natalia Calvo-Barajas
on conducting the study and writing the paper. In paper (H), the Ph.D. student
collaborated with Natalia Calvo-Barajas on implementing the software system,
the robot’s behaviors, conducting the study and coding the behavioral data.

To summarize, this thesis emphasizes on three notions in the field of HRI:
creativity, storytelling and behavioral alignment. Figure 1.2 shows the structure
of the thesis with respect to the three notions and explains how they are covered
by the included publications.

1.3 Thesis Outline

This thesis comprises of two parts. The first part includes 7 chapters and sheds
the light on the relationship between behavioral alignment and creativity perfor-
mance in child-robot interactions. In Chapter 2, relevant background literature
about the three central concepts of this thesis namely: creativity, storytelling
and behavioral alignment is presented through an HRI lens. Chapter 3 explains
the designed collaborative child-robot activity -as a medium to both assess and
foster children’s creativity- that was used in all the studies conducted throughout
this dissertation. Chapter 4 and 5 discuss emotional and creativity alignment
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respectively along with the thesis work relevant to both types of alignment. In
Chapter 6, the individual contributions of the publications included in the thesis
are summarised. To conclude, Chapter 7 presents the conclusions, limitations
and suggested future work. The second part of the thesis entails the publications
attached to this dissertation in their printed version.





Chapter 2

Background

2.1 Creativity

Background on Creativity

In a world that requires adaptation to constant changes, the generation of new
insights and continuous research for innovative solutions to everyday problems;
creativity becomes necessary for survival [41–44]. Creativity is a complicated con-
struct widely studied in the field of psychology: no single definition encapsulates
the concept. Scholars have introduced at least 60 definitions of creativity [45].
In 1988, Torrance presented creativity as a series of flows that entails identify-
ing a problem, building assumptions about it and sharing ideas with others in
order to find a solution [46]. Whereas, in 1996, Sternberg and Lubart proposed
that creativity is the interaction of 6 elements: knowledge, intellectual abilities,
personality, motivation, thinking styles and environment [47]. Finally, in 2018,
Cronin and Loewenstein defined creativity as a process that changes our per-
spective and results in generating enlightenment [48]. Despite the variability
in creativity definitions, a general consensus between researchers is to perceive
creativity as the ability to generate innovative and effective solutions to an
existing problem [49,50].

Previous research has also established links between creativity and other no-
tions such as intelligence [51] and affect [41]. There are three types of theories
to describe the relationship between intelligence and creativity. The first type
perceives creativity as a subset of cognitive intelligence [52], the second proposes
an overlapping nature between intelligence and creativity [53] and the third views
both as two independent constructs [54]. For instance, assessing creativity as a
function of professional development results in supporting models related to the
first and second types of the aforementioned theories [55]. Whereas, assessing cre-
ativity through performance tests supports the third type of theories that treats
creativity and intelligence as two separate conjunctions [54,56–59]. With respect
to affect, research has shown that positive emotions (i.e happiness) act as a cat-

15
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Table 2.1: The four different classes of creativity along with the associated
creative activities and resulting products.

Creativity Class Creative Activities Creative Products
Figural creativ-
ity [62]

Drawing, painting and
sketching.

Designs, graphic art,
sketches and paintings.

Verbal creativ-
ity [62]

Creative writing and sto-
rytelling.

Poetry and literature.

Performance cre-
ativity [63]

Acting, singing and danc-
ing.

Musical pieces, theatre
plays and film media.

Constructional cre-
ativity [36]

Building and tinkering. Hand-built artifacts (i.e
using LEGO blocks).

alyst to spark creativity when compared to negative emotions (i.e sadness) [60].
Other research suggested that the relationship between creativity and affect is
based on the activation of the emotion (active emotions such as happiness and
fear versus non-active emotions such as sadness and relief) rather than its valence
(positive versus negative) [61]. This line of research suggests that active emotions
are positively correlated with creativity development.

Creativity theories suggest that creativity is categorised into four classes that
are presented on Table 2.1.

Over the years, scholars have developed various tests for creativity assessment.
Among these, some of the most commonly used are:

• Torrance Tests for Creative Thinking (TTCT) [64–68]: a test com-
prising of several tasks that measure both verbal and non-verbal creativity.
Among the tasks used to measure verbal creativity is the unusual uses task,
where a user is asked to find unusual uses to specific objects such as a brick,
a book, a tin can or a pen. The non-verbal tasks include tasks that measure
figural creativity such as the incomplete figures task, where a user is asked to
add lines to an incomplete figure to make sense of the drawings.

• Droodle Creativity Test [69]: entails a single a task that requires the user
to generate as many different and creative titles for a simple black and white
sketch. Sample Droodle sketches are provided on Figure 2.1.

• Remote Associates Test (RAT) [70]: a test that measures the convergent
thinking aspect of creativity. Convergent thinking denotes the ability to draw
associations between different ideas and categories. The RAT consists of
several queries where each query comprises of three words. The user has to
find a fourth word that connects the three query words. For example, for the
“Swiss-Cake-Cottage” query, the answer would be “Cheese”.
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(a) (b)

Figure 2.1: Sample pictures from the Droodle creativity task [69].

Furthermore, as per extensive previous research, results of verbal creativity
tests are assessed through standard creativity measures: fluency, flexibility, elab-
oration and originality [34,71,72]. The variables are explained in Table 2.2.

Table 2.2: Creativity measures used for assessing verbal creativity.

Creativity Mea-
sure

Definition

Fluency Total number of ideas expressed verbally by the user
in the verbal creative process.

Flexibility The variability of the different aspects addressed by
the ideas generated throughout the creative process.

Elaboration The elaborated details used when expressing ideas in
the creative process.

Originality The surprising and uncommon element in an idea
generated during the creative process.

An example illustrating the four creativity measures is for instance when a
user is trying to generate as many uses for a brick as possible. The more the user
generates distinct and non-redundant ideas the higher the fluency. A user that
uses the brick for building as well as a musical instrument is more flexible than a
user that uses the brick for several building processes (i.e a house, a street...etc).
A user who provides details on how to use the brick for a specific use is more
elaborate than a user who does not. And finally, a user who uses the brick as a
shelf by sticking it to the wall is more original than a user that uses it for building
(since building is the most typical use for a brick) [41].

According to previous research [73, 74], creativity in childhood is a predictor
of creativity in adulthood. Nevertheless, a child’s creativity may be subject to
plunges that occur as a repercussion of the structure of current educational sys-
tems that 1) limits playful activities for children at that age, 2) limits children’s
freedom of expression in order to conform to societal norms. On a more positive
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note, researchers have observed that one’s creativity is malleable with the ability
to develop throughout life. Hence, the goal of this thesis was to design and
develop child-robot interactions that help nurture children’s creativ-
ity skills. Children’s verbal creativity was assessed using the standard
creativity measures discussed: fluency, flexibility, elaboration and orig-
inality.

Creativity in cHRI

HRI literature has long recognized that creative processes between children and
robots are rich and can provide important insights into human creativity [75].
Hence, Scholars have lately attributed great attention to the study of creativity
in the field of cHRI. Examples include robotic tool kits used to teach children
about STEM education in a creative manner [1, 76,77].

In [76], the authors have created an educational robotic tool kit to develop
children’s design creativity. PopBots [77] is also a robotic tool kit developed to
encourage children to use their creative thinking skills while learning about Ar-
tificial Intelligence (AI). Other examples include educational mobile robots that
may be installed in classrooms. These are used to promote STEM education and
entertainment and to also allow children to creatively express their ideas such
as Thymio [1] and Cozmo1. A recent study [78] emphasized on the importance
of STEM educational activities with robots for stimulating children’s creativity.
The results showed that participating in an activity to program a robot had a
higher positive impact on children’s creativity skills -comparing between pre-and
post-tests- than participating in an activity to design a robot or participating in a
musical activity. Similarly, in another study [79], children were asked to program
a robot to perform a specific dance. The authors have observed highly creative
behavior from the children throughout the task. Children’s creative behavior was
related to the use of various types of materials (flexibility) and the use of these
materials in unexpected ways (originality).

In a different setting, children participated in three one-to-one creativity col-
laborative tasks with a JIBO robot [36–38]: the Droodle creativity game (ad-
dresses verbal creativity), the MagicDraw game (addresses figural creativity) and
the WeDo game (addresses constructional creativity). In the first two tasks, chil-
dren interacted with the robot in one of two conditions. One condition where the
robot exhibited creative behaviors and the other where the robot did not exhibit
creative behaviors. Children who played the game with the creative robot gener-
ated more ideas and were more flexible, elaborated and original in their generated
ideas than the children who played the game with the non-creative robot. The
third task was also structured in two conditions. In one condition, the robot
encouraged creative behavior from the child by asking questions and providing
creative scaffolding while in the other condition the robot did not. Children who

1https://www.digitaldreamlabs.com/pages/cozmo

https://www.digitaldreamlabs.com/pages/cozmo
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played the game with the robot offering creative scaffolding were more creative in
the constructional task than the children in the control condition. In a different
study, Ali et al. used the same strategy of creative scaffolding while children
played a video game with the JIBO robot [80]. The robot in the creative scaffold-
ing condition used game strategies such as demonstration (by giving examples to
the child of possible moves in the game), inquiry (by asking the child questions
that elicited game actions) and encouragement (by praising the child on initiating
a certain game move). Children in the creative scaffolding condition completed
the game in significantly less time than children in the non-creative scaffolding
condition. Nevertheless, the authors did not find any other significant effect of
creative scaffolding on children’s creativity skills. They attribute the results to
the nature of the task. Only 45.83% of the users finished the game which sug-
gests that children perceived the game as quite difficult. The game also opposed
the typical open-ended nature of most creativity tasks. In this game, children
may have been more occupied with thinking how to win rather than thinking
creatively.

Previous research in cHRI has also explored how to promote children’s cre-
ativity through a storytelling context. Storytelling is one of the oldest and most
common activities to develop children’s verbal and social skills [81]. Further-
more, it has always been a great entertaining activity for children. Alves-Oliveira
et al. introduced YOLO [82] as a social robot designed for children to use as a
character or an object while creating their stories in a storytelling activity. In a
study conducted with the YOLO robot [75], it was found that children who used
the robot that expressed social behaviors exhibited higher creativity in their told
stories than children who used an idle version of the robot. The developers of
YOLO also anticipate its use through two different strategies in telling stories:
contrasting and mirroring [83]. Contrasting refers to providing children with
non-contextual stimuli (i.e unrelated to the current child’s story line). Whereas,
mirroring refers to enriching convergent thinking techniques by providing contex-
tual stimuli related to the children’s created stories [84].

Based on the discussed previous findings by fellow researchers and due to the
potential that child-robot interactions have on children’s creativity, interactions
between a child and a robot were designed throughout this thesis in an
attempt to foster children’s creativity, using storytelling as a context.

Creative AI

Researchers in AI have developed systems that automatically produce extremely
creative content such as fake videos and photographs of individuals that do not
exist [85]. Creative AI has been demonstrated in different forms of art such
as painting, theatre, dance, music and literature. For instance, for painting,
Mao Li et al. applied color segmentation by using the K-means algorithm and
then employed a deep learning model to automatically create color blocks that
were then turned into an abstract painting [86]. Additionally, Storydrawer is a
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collaborative AI drawing system created to promote children’s creative abilities
through visual storytelling [87].

With respect to theatre, authors of [88] based their approach on previous work
in the field of animatronics along with the basic rules of physics. Their aim was to
develop robotic puppets in order to pave the way for a fully autonomous theatre
in the near future. In contrast, in [89], Jochum et.al proposes a new approach
of utilising robot-controlled puppets where the robots are the controlling agents
rather than being the puppets. This approach, rooted in puppetry, allows for
a wider range of physical expression of the puppets, and a more fluid interac-
tion with the human audience in a live performance. Similarly, creative dancing
robots have been designed and implemented to help fellow human dancers gener-
ate unique performances and elicit original movements and choreographs. In [90],
in order to create choreography for the robot, dancers were tracked in real-time.
After several iterations with professional dancers, resulted a series of basic mo-
tion algorithms based on improvisational exercises to produce three distinct and
creative shows involving a robot and a live performer skilled in different dance
genres.

Moreover, in an attempt to enrich musical experiences by merging impro-
visational algorithms, mechanical operations and machine listening with human
creativity, Weinberg et al. developed “Haile” [91,92]. “Haile” is a robotic percus-
sionist embedded with two arms designed to hit the drum at different positions to
produce various sounds. In a collaborative setting, “Haile” improvises by observ-
ing real-time human players and analyzing perceptual elements of their perfor-
mance in real-time. Likewise, “Shimon” is an autonomous interactive marimba
player developed based on physical simulation and animation principles [93–95].
“Shimon”is able to synchronize with human players while playing jazz using its
gesture-based behavior framework and its anticipatory action system.

Creative AI in poetry is manifested by using templates to create poems based
on pre-defined poetic features including word frequency, word similarity, and
rhyme to develop corpus-based poetry generating systems [96]. The ability to
generate stories has also been exhibited by creative AI. By collecting, analysing
and processing a corpus of stories, hierarchical story generation models were
created [97]. Other story generation models have been implemented by first
building a plot outline and then filling in the language [98]. Furthermore, Eric
Nichols and Leo Gao et al. created a story generation system by applying a
different technique of manipulating the Open AI GPT-2 language model [99].
They developed a ranking system for potential story lines that determines the
most likely course for the narrative. The system demonstrated high creativity by
adding plot twists to the story flow [100].

Part of this work aimed at enriching the field of creative AI by
producing a model that allows a robotic agent to autonomously and
collaboratively create a story with a child in a creative manner. The
agent’s creativity was defined by the four standard creativity measures:
fluency, flexibility, elaboration and originality.
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2.2 Storytelling

“There is an abiding recognition that existence is inherently storied. Life is preg-
nant with stories.” as told by Richard Kearney [101]. Stories are prevalent ev-
erywhere and storytelling is a technique applied in diverse fields. Reporters root
for narrative journalism, psychologists treat their patients with narrative ther-
apy, lawyers are using narrative mediation and physicians are applying narrative
medicine. Business consultants tout storytelling as a management technique,
while political consultants are developing narratives for their clients’ election
campaigns [102].

Furthermore, stories are central to human understanding: they give life mean-
ing and create self-identity [103]. Storytelling is both a cognitive and artistic
process regarded as one of the richest, most common and oldest ways of commu-
nication [104]. Research suggests that consistent exposure of children to narrative
discourse is a key factor in their vocabulary and literacy development [105, 106].
Culturally rooted studies entailing storytelling with children have found that
telling stories from various cultural backgrounds enhances multicultural aware-
ness in classrooms [107] and reinforces healthy notions of self-identity [108]. Ad-
ditionally, storytelling activities for children support their creativity [109] and
moral development [110] .

Therefore, because of the storytelling benefits illustrated above; in this the-
sis, storytelling was chosen as the nature of the activity to be performed
between the child and the robot.

Technology-driven Storytelling for Children

Recently, both academic and commercial spheres have paid attention to technology-
driven storytelling for children. In 2003, the Canadian Broadcasting Corporation
(CBC) has developed “StoryBuilder”: an online storytelling system that enables
children to participate in multimedia story creation [111]. Using “StoryBuilder”,
children were able to create stories by selecting between different backgrounds,
characters, objects and animations. Children were also able to save the stories
to their personal space, publish them on CBC’s website or send them by email
to their friends. Other early technology-driven storytelling attempts included
physical objects like stuffed animals or play mats used for story recording and
re-telling such as “PETS” [112] and “StoryMat” [113].

Additionally, CUBUS is a digital tool that uses emotionally expressive cube-
shaped characters to allow children to tell creative stories [114, 115]. The char-
acters are autonomous and designed in a manner that fosters social storytelling
experiences for children. The system was tested in two conditions. In the ex-
perimental condition, the children used the emotionally expressive characters to
create their stories. Whereas, in the control condition, children used the same
characters but they were not displaying any non-verbal behaviors. Interestingly,
children in the experimental condition significantly generated less ideas than chil-
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dren in the control condition. Nevertheless, children’s ideas were more original
in the experimental condition than in the control condition. These results are in
line with creativity theories that suggest that ideas created in a creative process
are highly original even if they are low in quantity [116].

On a more recent note, scholars have been exploring collaborative storytelling
systems with children and social agents (i.e virtual characters and robots). “Sam”
is an embodied virtual character having the physique of a pre-school child [117].
It is designed to tell stories collaboratively with children in a wizard-ed fashion.
It uses advanced language in order to aid the children’s literacy developmental
process. In a study conducted with “Sam” and children, results indicated that
children used more advanced language because of “Sam” and quoted expressions
from it [118].

Furthermore, other researchers have been using robots for storytelling interac-
tions with children. Applications ranged from creating an architecture that allows
robots to learn from interactive storytelling games with children [119] to wizard-
ed encounters. In [120], the authors investigated the robot’s wizard-ed insertion of
contextual versus non-contextual story content into collaborative storytelling in-
teractions with children. The first strategy encouraged younger children to speak
more. Furthermore, despite the first strategy introducing a higher cognitive load,
the children enjoyed the interaction equally under both conditions.

Similarly, in a couple of wizard-ed studies reporting on storytelling interactions
between robots and children, authors have measured children’s engagement as
well as their learning gains (in terms of language development) [121, 122]. In
the first study, the effects of matching a Dragonbot [123, 124] robot’s language
proficiency with the children’s were investigated in a longitudinal manner. In
the second study, the authors investigated the impact of a background story and
entrainment of a Tega robot to the child’s speech on children’s rapport with the
robot as well as their learning performance.

In a different setting, Leite et al. have explored the effects of interactive emo-
tional storytelling in a study comprising of a group of Keepon robots and chil-
dren [125]. In one condition, a group of three children engaged in the storytelling
interaction with multiple robots. In the other condition, one child interacted
with a group of robots. Results of the conducted study reflected higher children’s
learning gain in terms of memory recall in the individual condition. Moreover,
independent of the type of interaction (individual versus group), results suggested
promising positive effects of interacting with multiple robots on children’s social
skills .

Throughout this thesis, the same implemented storytelling software
was used for the interaction between robots and children. In the first
studies, the robot was wizard-ed during the encounter. Later, the
collected data through these studies was utilised to produce a model
that is capable to autonomously and collaboratively tell stories with
children. Finally, the model was evaluated through a final user study.
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2.3 Behavioral alignment in HAI

Behavioral alignment is the process of replicating behavior between participants
in a typical encounter [126–128]. Evidence in the literature suggests that be-
havioral alignment occurs between humans and artificial social agents (i.e so-
cial robots and virtual characters) as much as it occurs exclusively between hu-
mans [129, 130]. It is a bi-directional procedure where a human may imitate
the social agent [131, 132] and/or the agent may be programmed to recognise
a human’s behavior and synchronise to it [133, 134]. According to psychology
research, the process of behavioral alignment behaves as a continuous feedback
loop. Behavioral alignment happens when there is a certain degree of affiliation
between participants in an encounter [135]. Furthermore, research has proven
that behavioral alignment results in enhancing rapport between interacting indi-
viduals [136]. The process then continuously repeats itself. Additionally, the 1971
Byrne’s similarity-attraction theory [137] proposes that an individual would more
likely highly perceive another individual if they can perceive a specific aspect of
similarity with them.

Behavioral alignment is also known by other terms such as behavioral syn-
chronisation [138], coordination [127], matching [126], mirroring [139], entrain-
ment [122] or mimicry [140]. The behavior mimicked between different mem-
bers of an interaction may be manifested in many forms: gaze, posture, ges-
ture, facial expressions, personality/skills, speech content or the pitch of the
voice [129,141–144]. Likewise, the same concepts apply on behavioral synchroni-
sation between humans and social agents. For instance, in [145], humans subcon-
sciously mimicked a robot by repeating the same gestures (i.e putting hands on
the hips, putting hands behind the back) during a short conversation. Interest-
ingly, mimicry is correlated with the human perception of the robot. In a study
with a physical android robot, participants mimicked the facial expressions only
in the case that they highly perceived the robot as human-like [146]. With respect
to the speech channel, users exhibited a prosodic adaptation to the speech rate
of a virtual agent presented on a screen in [132]. Additionally in [130], authors
investigated matching a robot’s behavior to a user’s personality as measured on
the extroversion scale (i.e introvert versus extrovert) whilst playing the tower
of Hanoi game. The robot’s personality was expressed via its eye gaze behav-
ior. In the extroverted condition, the robot gazed more towards the participant.
Whereas, in the introverted condition, the robot gazed more towards the task.
Results indicated that participants that interacted with a robot matching their
personality type significantly participated in the task for a longer time than those
who did not.

Scholars have also investigated behavioral synchronisation in cHRI. In a
study conducted with the Tega robot in a storytelling setting, it was found that
the robot’s speech entrainment increased children’s engagement with the robot,
helped children to have higher perceptions of likeability of the robot and the ac-
tivity, and contributed to the children’s success at story recall [122]. Previous
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research also investigated adapting encouraging behavior (encouraging comments
and help offering) between children and a chess-playing robot [147]. Children
responded more positively to the adaptation of the behavior rather than its ran-
domness. In another set of studies, children also duplicated a social robot’s
behavior when the robot modeled curiosity [39], creativity [36–38] and a growth
mindset [40].

Our aim in this work was to investigate how to foster children’s
creativity through child-robot interactions. After conducting the lit-
erature review and based on the promising results discussed in this
section; behavioral alignment was applied between the child and the
robot (emotional alignment and creativity alignment) to fulfil the pur-
pose of the thesis.



Chapter 3

The Collaborative Child-Robot
Activity

In this chapter, an overview of the collaborative activity used throughout the
thesis is presented. In the context of this dissertation, the activity is designed
to be carried out between the child and the robot to fulfill the corresponding
specific objectives. The aim of creating the collaborative activity was to evaluate
the occurrence of emotional alignment between children and a robot, aid the
creativity eliciting process of the children, evaluate their creativity skills and
facilitate their interaction with the robot. The activity was further subdivided
into two activities entailing two independent software systems integrated with the
corresponding robot’s behavior as follows:

3.1 Priming Activity

The priming activity was developed as a way to assess emotional alignment be-
tween children and a robot. The primary aim was to create a scenario that calls
for emotional expression from the robot to be able to measure whether it will po-
tentially induce emotions in children. The emotional induction mechanism was
based on the Regulatory Focus Theory (RFT) [148]. RFT is a theory in psy-
chology that suggests that people follow one of two motivational approaches in
order to achieve a goal. In the promotion paradigm, people are motivated to
attain a goal by reward receipt. For example, when a student is motivated to
study because her parents promised a bike if she scored high in the exam. The
promotion approach is characterised by feelings of excitement that culminate into
happiness at goal attainment. In the prevention paradigm, people’s incentive to
achieve a goal is avoiding a potential risk. For instance, a student that studies
to avoid getting punished in the summer by her parents if she scored low on the
exam. The prevention approach is characterised by feelings of fear and anxiety
that converge to relief at goal achievement [41,61].

25
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The activity is developed as a game between the child and the robot where
they follow one of the two regulatory focus mechanisms. The game is designed
in a way such that the children are told that they are locked in a spaceship with
the robot on planet Mars and they are trying to find a key in order to get out
of the spaceship. Two versions of the game were implemented. In the promotion
version, children receive a gift as soon as they get out of the spaceship. The gift
is a party with the aliens where the robot dances and invites children to dance
with it. In the prevention version, children are looking for the key in order to
get out of the spaceship before it explodes. To design this activity, the software
interface and the robot’s behaviors were designed as follows:

(a) (b)

(c)

Figure 3.1: Sample screenshots of the priming software comprising the
rooms of the spaceship. In a), the child is invited to click on any of the
colored buttons to find a clue about the location of the key. In b), the
child found a clue that suggests clicking on the arrow on the right to
find the key. In c), after navigating through three different rooms with
their three buttons, the child found the key and is requested to click on
it to get out of the spaceship.
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Table 3.1: Examples of the verbal behaviors of the robot according to the
stage of the priming interaction.

Condition Stage Robot’s utterances
Beginning “I am excited to find the key and get the

gift!”
Promotion Middle “I cannot wait to open the gift!”

End “Wohoo! Finally on planet Mars! I am
so happy!”

Beginning “I am scared of the explosion!”
Prevention Middle ‘Oh! Oh! This is getting scary”

End “Finally on planet Mars! I feel better
now!”

Priming Software Interface

The interface was created using the Unity Game Engine1 and was aimed to be
displayed on a touch screen presented in front of the child and placed between the
child and the robot. To establish the mood for the game, the priming interface
comprises of different scenes that represent three different rooms from the interior
of a spaceship. Each room contains several colored buttons that the child may
click in order to receive clues on how to move next to find the key. In order
to ensure that children are subjected to relatively similar experiences, the clues
provided by the buttons are constant and the key is always present in the third
and last room. The implementation of the game ensures that all children will win
it -and either receive the party gift (in the promotion condition), or get out to
planet Mars before explosion (in the prevention condition)- to be able to assess
the emotional alignment adequately. Screenshots of the software are presented
on Figure 3.1.

The Behavior of the Robot

For the purpose of this activity, the behavior of the robot is wizard-ed. Two
versions of the robot’s behaviors were designed in order to convey the two regu-
latory focused emotions. In the promotion version, the robot exhibits excitement
during the game and then happiness when receiving the gift (the party). In the
prevention version, the robot displays fear during the game and then relief as
soon as they get out of the spaceship on time before the explosion. The robot’s
emotions are portrayed via two channels: verbal behavior and facial expressions.
Examples of the verbal behavior of the robot throughout the priming activity
are displayed on Table 3.1. Different robots have been used across the studies

1https://unity.com/

https://unity.com/
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conducted throughout the thesis, so the representation of the facial expressions
varied accordingly. Further details are presented in Chapter 4. Nevertheless, the
adult male voice “Brian” provided by Ivona2 was used consistently in the studies
independent of the robot used. The male voice was chosen particularly based on
previous research [149] that suggests that a synthetic male voice is more favorable
than a synthetic female voice.

3.2 Storytelling Activity

The main aim of developing the storytelling activity was to enable the assessment
of children’s verbal creativity skills while telling stories. The activity comprised
of implementing two parts: a storytelling software interface and the behavior of
the robot explained as follows:

(a) Castle Scenario

(b) Park Scenario

(c) Beach Scenario

Figure 3.2: Sample screenshots of the storytelling software used through-
out the Ph.D. thesis. In this figure, screenshots from only the castle,
park and beach scenarios are displayed.

2https://harposoftware.com/en/12-all-voices

https://harposoftware.com/en/12-all-voices
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Storytelling Software Interface

The storytelling interface was implemented using the Unity Game Engine. Similar
to the priming software, it was shown on a touch screen situated between the child
and the robot to enable their interaction. It comprises of two versions to be ideally
used as a pre- and post-tests if necessary. In each version, children are allowed
to choose between different scenarios: castle and park in the pre-test, and beach,
forest and farm in the post-test. In both versions, children choose between a set
of four characters (prince, princess, crocodile and alien in the pre-test and boy,
girl, dog and robot in the post-test) and nine objects (coin, sword, treasure chest,
chicken, bee, bomb, horse, key and fish in both pre- and post-tests) and move
them all around the scene while telling the story. Additionally, in each scenario
children are able to navigate between three different scenes in order to tell the
story. The scenarios and characters vary between the pre- and post-tests to avoid
children telling repetitive stories. Sample snapshots of the storytelling software
are shown on Figure 3.2.

(a) With the Emys robot (b) With the Furhat robot

Figure 3.3: Setup of the activity in the different studies with different
robots throughout the thesis.

The Behavior of the Robot

In all the studies conducted with this activity, the robot was seated opposite
to the child with the touch screen between both of them. For the storytelling
activity, the behavior of the accompanying robot varied from one study to the
other according to the type of the interaction. The child was instructed to use the
software and tell a story to the robot that acted as an active listener only providing
encouragement and asking occasional questions in Study 1 (for further details
see Chapter 4). The child in Study 2 used the software and collaboratively told
the stories with a wizard-ed robot. The human tele-operating the robot chose
the statement that the robot will provide next from a pool of standard ideas (for
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further details see Chapter 5). Study 3 was structured in four conditions. In a
couple of conditions, children used the software and collaboratively told the stories
with an autonomous robot. In the other two conditions, children first listened
to the story of the robot. The robot told the story while the associated changes
in the characters and scenes of the same storytelling software were displayed in
front of the child as a video. The children then used the software to tell their own
story to the robot. In the latter conditions, the robot acted as a silent listener
(for further details see Chapter 5). It is worth noting that, the system used in
the last study to enable the autonomous behavior of the robot may be used along
with the storytelling interface in the future. Potentially, it may be considered
as a separate educational application to stimulate children’s creativity skills as
explained in details in Chapter 5.

Figure 3.3 presents some images of the setting of the activity in the different
studies conducted throughout the thesis between children and the two different
robots used: Emys3 and Furhat4. More details about the robots, the design of
the studies and their evaluations are presented in Chapter 4 and Chapter 5.

3https://emys.co/
4https://furhatrobotics.com/

https://emys.co/
https://furhatrobotics.com/


Chapter 4

Emotional Alignment

4.1 Emotions and Creativity

By examining creativity literature, it becomes apparent that there is a strong
link between emotions and creativity. The 2008 meta-analysis of mood-creativity
research distinguishes between three dimensions of emotions that are directly as-
sociated with creativity performance: valence, arousal and regulatory focus [41].
The term valence refers to positive versus negative emotions and is used inter-
changeably with the term hedonic tone. The term arousal is used interchangeably
with activation (high versus low or activating versus de-activating) [41]. Many
emotion theories suggest that emotions are defined using the two axes valence and
activation [150–152]. For example, an emotion maybe be positive and active such
as happiness, positive and inactive such as calmness, negative and active such as
fear and negative and inactive such as sadness [153,154]. These definitions apply
to temporarily elicited emotions (i.e induced by a specific situation, person or
object) [155,156] and to emotions that are linked to personality dimensions [157].
For instance, extroversion -the personality dimension associated with a person
being sociable, talkative and energetic- is linked to positive emotions. Whereas,
neuroticism -the personality dimension associated with a person being prone to
anxiety and depression- is associated with negative emotions [43,158].

Emotions are further distinguished by their relationship with self-regulation.
RFT governs that relationship by identifying two self-regulatory techniques [148,
159, 160]. Promotion focus is associated with aspirations and fulfillment of the
need for growth. It follows the “approach” mechanism for goal achievement and is
characterised by the longing for positive outcomes. Whereas, prevention focus is
associated with fulfilling the need for security, following the “avoidance” mecha-
nism for goal achievement in order to prevent negative outcomes. The promotion
focus is associated with feelings of excitement before goal attainment, positive
active emotions (happiness) in case of successful goal attainment and negative
inactive emotions (sadness) in case of unsuccessful goal attainment [161]. In con-
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trast, the prevention focus is characterised by fear before goal attainment, posi-
tive inactive emotions (relief) in case of successful goal achievement and negative
active emotions (anger, anxiety) at unsuccessful goal achievement [162].

Theories considering hedonic tone and creativity propose that positive-valenced
emotions have a positive effect on dopamine levels in the brain and consequently,
enhance creative problem solving performance [60,163]. Further research suggests
that positive emotions improve the creativity criteria of flexibility [164]. In ac-
cordance with these hypothetical perspectives, positive emotions have also been
shown to reinforce the desire to inspect novel alternatives in contrast with nega-
tive emotions [165, 166]. In summary, the literature suggests that emotions with
positive tone enhance creativity skills in comparison with negative and neutral
emotions [167,168].

The relationship between emotion activation and creativity performance is in
line with theories concerning stress performance [169]. In essence, theories suggest
that as activation increases, creative thinking varies in a curved way. Low levels
of arousal lead to laziness of thought and neglect of information. High levels
of arousal maximizes the likelihood of opting for the dominant solution rather
than the innovative one and hinders the capacity of information perception and
processing [170, 171]. Nevertheless, the literature suggests that activating rather
than de-activating moods trigger higher creativity [172,173].

The effect of regulatory focus strategies on creativity skills was explored in a
game on paper where users were asked to get a trapped mouse out of a maze [174].
In the promotion condition, a piece of cheese (reward) was waiting for the mouse
outside of the maze. In the prevention condition, an owl (threat) was drawn
hovering above the maze and would cease to chase the mouse as soon as the
mouse is out of the maze. The participants engaged in creativity assessment
tasks after that game. Results highlighted that participants in the promotion
condition were more creative than participants in the prevention condition. This
phenomena is also explained by the connection between the RFT and emotions.
As discussed earlier in this section, positive emotions trigger more creativity than
negative emotions. Likewise, activating emotions bolster more creativity than
de-activating emotions. With respect to the RFT, and with the assumption of
successful goal attainment, the promotion focus is associated with feelings of
excitement and then happiness (both positive activating emotions). However,
the prevention focus is associated with emotions of fear and then relief (negative
activating and positive deactivating emotions respectively). A justification that
renders the promotion focus more likely to trigger creativity than prevention
focus.

4.2 RFT in HRI

HRI body of literature has scarcely explored the RFT. Most of the research
investigating RFT in HRI has been produced recently and has focused on the
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notion of regulatory fit [175–177]. In our context, regulatory fit refers to matching
the regulatory focus type of both the social agent and the human user involved
to each other [178–181].

In [175], participants interacted with a robot exhibiting one of the regula-
tory focus paradigms instructing them on how to solve a test. The regulatory
focus type of the robot varied by the speech used. For example, at the begin-
ning of the interaction the promotion-focused robot said : “If you score better
than 70% of the participants, you will receive a reward”. While the prevention-
focused robot started the interaction with “As long as you are not part of the
70% percent of the participants with lower score, you will not have to arrange
the cards on the black table”. Participants who interacted with a robot matching
their regulatory focus type performed better on the test than those who engaged
with a non-matching regulatory focus type robot. Additionally, in a game-like
scenario, a Pepper1 robot adapted in real-time to the regulatory focus type of
the user [176]. The robot utilised gestures and speed of speech to exhibit the
corresponding regulatory focus type. Results emphasized that adaptation of the
robot’s regulatory focus type to the user’s led to reduced user stress and higher
perception of the robot’s persuasiveness. Likewise, in another study [177], the
Tiago robot 2 used speed of speech and gestures to portray promotion versus pre-
vention paradigms of regulatory focus. It was found that users who engaged with
the robot matching their regulatory focus type engaged longer in the interaction
than those who interacted with a non-matching regulatory focus type robot. In
a study conducted with virtual agents [182], a significant effect was found on the
perceptions of likeability of the agent that matched the regulatory focus type of
the user in the prevention condition and not in the promotion condition. A user
of prevention regulatory focus type liked interacting with the agent expressing a
prevention rather than a promotion regulatory focus type. An effect that did not
apply to users in the promotion condition. The virtual character manipulated
game strategies in order to convey the corresponding regulatory focus type.

It is worth noting that previous work addressing RFT in HRI has been focusing
on regulatory focus strategies as behavioral attitudes portrayed mainly through
speech and gestures. Previous work has not manipulated an agent’s emotions to
present the different regulatory focus paradigms. At the time of the start of this
thesis, four years ago, RFT had not yet been investigated in cHRI. Moreover,
using RFT by manipulating a robot’s emotions and using them to induce emotions
in fellow humans had also not been researched in HRI before.

4.3 Emotional Induction

The term emotional induction is defined as the procedure of inducing emotions
in a human user using specific stimuli. Psychology research has identified numer-

1https://www.softbankrobotics.com/emea/en/pepper
2https://pal-robotics.com/robots/tiago/

https://www.softbankrobotics.com/emea/en/pepper
https://pal-robotics.com/robots/tiago/
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ous ways of emotional induction [183–185]; of which five methods are described
as the most effective according to comprehensive reviews of the literature [183].
The first of the five methods is music. By varying tunes and rhythms of music,
the emotions of happiness and sadness particularly are easily elicited [186]. Sec-
ond, autobiographical recall induces emotions by reviving emotional memories.
For instance, in [187], fear was induced in participants by asking them to recall
a situation where they felt scared. An example of the third method, imagery, is
illustrated in [188]. The experimenter asked participants to imagine themselves
in their surprise birthday party surrounded by their loved ones. Imagery works
by imagination of emotionally packed incidents. Fourth, a situational procedure
elicits emotions by placing the user in a real emotional interaction. For instance,
in [189], experimenters induced fear by placing participants in a real test environ-
ment and induced anger in an ongoing class by bringing in an obnoxious person
to disrupt the teacher. The last and most commonly used method for emotional
induction is visual stimuli. It depends on visually stimulating emotions by dis-
playing emotional images and videos. For example, to induce happiness and
sadness, researchers in [189] have showed participants short joyful and depressing
clips respectively.

According to the comprehensive meta-review in [183], for different emotions,
the five different methods will produce various elicitation levels. The meta-review
sheds the light on induction of the basic six emotions solely (fear, anger, sadness,
surprise, disgust and happiness).
The part of the thesis related to emotional alignment is concerned with eliciting
happiness and fear as the two basic emotions associated with the concept being
investigated (RFT) and its relation to creativity. For happiness, the review clar-
ifies that visual stimuli is the most effective way for stimulating emotions and
then imagery. Nevertheless, the five methods are considered sufficiently effective
for happiness induction with the exception of situational procedures. In addi-
tion, mixing several strategies was found to enhance emotional induction results
in comparison with using only one emotional induction method [190]. However,
for fear, the five paradigms are efficient for the elicitation process with situational
procedures as a top performer followed by imagery and visual stimuli.

Emotional induction has not been explored yet for educational purposes in
cHRI. Emotion-related research in HRI has focused mostly on behavioral align-
ment [122,130,132,191] , mimicry between users and social artificial agents (robots
or virtual characters) [131, 133, 146, 192], and empathy [193, 194]. Emotional
mimicry or emotional contagion is also considered a subset of emotional induc-
tion that induces feelings in users by presenting the feelings in front of them.
Unlike emotional induction, mimicry is correlated with empathy. If you em-
pathize with a virtual character telling an emotional story, you are more likely to
subconsciously mimic them. Nevertheless, emotional induction is often the result
of a complete situation and emotions may be induced by objects such as images
and not necessarily by an agent. Another variance between emotional induction
and mimicry is that mimicry is recognised within a specific time interval after
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the mimicry eliciting behavior exhibited by a human or an artificial agent. For
instance, in [146], participants subconsciously mimicked expressions of a robot
in a time window of six seconds. Whereas, in HRI, and for the purpose of this
work, it was proposed that emotional induction is to be measured as a result of
the whole interaction and not a specific behavior.

4.4 Relevant Thesis Work

In Study 1, RFT was investigated for the first time in cHRI to assess whether
the regulatory focus technique will induce regulatory focus-related emotions in
children, and therefore have an impact on their creativity skills. Study 1 was
conducted with 69 children, 7-9 years, (M = 7.59, SD = 0.59) in international
schools in Lisbon, Portugal to assess both emotional induction and creativity
performance of the children. The study was conducted in English language. 6
children were excluded for their missing data or for speaking to the robot in an-
other language than English. Thus, the data analysed was for 63 children (male
= 32, female = 31). The study was structured in two conditions: promotion (34
children) and prevention (29 children). The Emys robot, displayed on Figure 4.2,
was used. Emys is a metallic robotic head consisting of three metallic disks rep-
resenting the face, embedded with two smalls balls as the eyes and mounted on a
metallic stick that represents the neck. Emys is able to exhibit head movements
and facial expressions of the six basic emotions (happiness, sadness, anger, sur-
prise, fear and disgust). In a validation study with school children (8-12 years),
results confirmed that Emys is adequately conveying the desired emotions [195].
Hence, it was chosen for this experiment where the robot should exhibit conve-
nient emotional expressions. Due to speech recognition challenges with children,
an experimenter tele-operated the behavior of the robot but the children were
unaware of it. Figure 4.1 shows the study setup. The robot was mounted on a
table facing the child and between them, the touch screen displaying the software
interface was situated. The interaction was video- and audio-recorded. Prior to
the study, parental consent was received for the participation in the study and
the publishing of the data.

The following listed strategies were followed to implement RFT in Study 1:

• Implementation of a priming software based on the RFT as explained in
Chapter 3 Section 3.1.

• Design of the verbal behavior of the robot to convey the two regulatory focus
paradigms as shown on Table 3.1 (Chapter 3).

• The non-verbal behavior of the robot was represented in the robot’s facial
expressions throughout the priming game. The robot’s facial expressions
conveyed happiness in the promotion condition and fear in the prevention
condition (the robot’s facial expressions are illustrated on Figure 4.2).
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Figure 4.1: Setup of Study 1: a one-to-one interaction between a child
and the Emys robot.

The implementation of the study illustrates the use of two out of the five
previously discussed emotional induction approaches -known for their success in
happiness and fear induction- while implementing the scenario as follows:

• Imagery: was implemented by asking the children in the promotion condition
to imagine themselves in a happy situation versus asking the children in the
prevention condition to imagine themselves in a scary situation.

• Visual stimuli: was implemented through the robot’s displayed visible fa-
cial expressions according to the corresponding condition (happiness in the
promotion condition and fear in the prevention condition).

Therefore, it was hypothesized that eliciting of emotions will occur as a re-
sult of the design of the software interface and the robot’s behavior that portray
the corresponding regulatory focus condition embedded with the two emotional
induction methods. Additionally, it was posited that emotional induction will
happen as a form of emotional alignment between the robot and the child (i.e the
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(a) Happiness (b) Neutral (c) Fear

Figure 4.2: The Emys robot’s facial expressions [195]

child will cooperate with the robot, identify with it and thus catch its emotions).
Consequently, children’s facial expressions were first detected during the priming
activity to asses the occurrence of emotional alignment. Second, children’s en-
gagement with the robot was evaluated in the different conditions to ensure that
emotional alignment between the child and the robot resulted in higher engage-
ment of the child with the robot. Third, children’s creativity skills were measured
to confirm the initial hypothesis that the robot in the promotion condition will
promote children’s creativity in comparison to the robot in the prevention condi-
tion.

Emotional Alignment

Emotional alignment was assessed by extracting facial expressions data from the
collected videos using the Affectiva software. Affectiva utilises deep learning
algorithms to detect 15 facial expressions (including but not limited to smile,
brow raise, cheek raise, brow furrow and smirk) and 7 various emotions (joy, fear,
anger, sadness, contempt, surprise and disgust ) [196]. Affectiva’s algorithm is
based on the facial action coding system (FACS) by Paul Ekman [197].

Facial expression was selected as the criteria for the assessment of emotional
alignment because 1) the emotions inspected through the study (happiness and
fear) have distinctive facial behavior, 2) to prevent distracting children with extra
sensors for emotional detection from gestures, body language or galvanic skin
response (GSR) during the game. Thus, it was decided to analyse pre-recorded
frontal videos for the purpose of the study (which is possible with the facial
expression analysis of the Affectiva software).

A time frame of 500 milliseconds was defined for the facial expression analysis.
In each time frame, the software detects a face and then generates corresponding
value levels for each facial expression included. One file was generated per child
that contains the time frames with the corresponding facial expressions values. In
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the analysis, only joy and smile expressions were considered (to assess happiness
induction in the promotion condition) and fearful facial expressions (to assess fear
induction in the prevention condition).

The data was not non-normally distributed. Hence, the Wilcoxon signed-rank
non-parametric test was administered for our statistical analysis. The condition
(promotion versus prevention) was used as the independent variable and the av-
erage of smile, joy and fear expressions per child as the dependent variables. As
per the graphs shown on Figure 4.3, a significant effect of the condition was found
on smile and joy expressions. Children significantly exhibited a higher average of
smile (W = 199, p = 0.013, M = 9.45, SD = 12.92) and joy expressions (W =
216, p = 0.03, M = 7.52, SD = 12.04) in the promotion condition than in the
prevention condition. A similar effect was not observed on the fear expressions
in the prevention condition. Children in the prevention condition did not express
a higher average of fear expressions than children in the promotion condition.

(a) (b)

Figure 4.3: Analysis of smile and joy expressions per condition. In the
promotion condition, children significantly expressed higher averages of
smile (p = 0.013) and joy (p = 0.03) expressions than in the prevention
condition.

Hence, it was deduced that emotional alignment occurred between the children
and the robot for the happiness emotion in the promotion condition. Results did
not confirm that the same effect happened for the fear emotion in the prevention
condition- attributed to three possible reasons:

• Fear is the emotion deemed as the most difficult to recognise from facial
expressions. In the validation study conducted to validate Emys facial ex-
pressions, children (8-12 years) recognised Emys happiness with an accuracy
of 91.9% while they recognised the fear with an accuracy of 64% [195]. In
Study 1, it may have been challenging for children to recognise Emys fearful
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expression or for the Affectiva software to accurately detect children’s fear
from their faces.

• Emotions induced in the prevention condition as a result of the design of the
software system and the robot’s verbal behavior may have fallen under other
categories associated with fear such as anxiety or stress. These emotions
may have been better detected using electrodermal activity (EDA) or elec-
troencephalography (EEG). However, these methods were not used to prevent
distracting children with wearable devices during the interaction.

• In the context of this work, both imagery and visual stimuli were used to
stimulate happiness and fear emotions. According to [183], imagery and visual
stimuli are the best methods for eliciting happiness emotions. Whereas, for
fear, situational procedure is the most effective way followed by imagery and
visual stimuli. In this work, the same methods were applied for both happiness
and fear induction for consistency. Nevertheless, in similar settings in the
future, inducing fear with a situational procedure with the robot may yield
to more effective results with respect to fear stimulation.

Engagement

Engagement measures were investigated as a result of the emotional induction.
To evaluate children’s engagement with the robot, behavioral coding analysis was
performed using the Elan software3: tool developed for transcribing behavioral
data [198]. Children’s behavior was analysed from the recorded videos by means of
a behavioral coding scheme developed based on the standard procedures suggested
in [199]. In the coding scheme, aspects from children’s verbal and non-verbal
behaviors were included as well as the corresponding robot’s triggering verbal
behaviors. As suggested by the literature [200], two coders transcribed 25% of the
data -selected randomly- to assess the agreement between the coders and therefore
ensure the viability of the coding scheme. A high agreement was obtained denoted
by a value of Cohen’s kappa -the most effective measure for agreement calculation
in behavioral research [201]- that ranged between 0.82 and 0.93 for the videos
coded (M = 0.87).

In the coding procedure, it was noticed that children did not exhibit non-
verbal behavior towards the robot such as touching or head nods. Hence, as
proposed by previous research [202], social engagement was defined for the pur-
pose of this research as the verbal engagement of children with the robot by
identifying the following categories of children’s verbal behavior:

1. Greeting: when children started or ended the interaction with the robot
such as “hi, robot!” or “bye, Emys!”

3https://archive.mpi.nl/tla/elan

https://archive.mpi.nl/tla/elan


40 CHAPTER 4. EMOTIONAL ALIGNMENT

2. Response: when children responded to a question that the robot asked such
as a “yes” when the robot asked: “did you have fun?”. Some children treated
the robot as an object and did not respond to its questions.

3. Question: when children asked the robot about what to do next in the game
as well as random questions such as “do you like ice cream?”.

4. Inform: when children disclosed information to the robot such as “ I am not
into fantasy, I am more of an IQ person!”.

Furthermore, the engagement score produced by the Affectiva software -
calculated as a weighted sum of several facial expressions that denote facial ex-
pressivity through muscle activity- was used.

Figure 4.4: Analysis of engagement measures per condition. a) Children
exhibited more social verbal behaviors towards the robot in the promo-
tion than in the prevention condition (p = 0.009). b) The average of
the Affectiva engagement index per child was higher in the promotion
condition than in the prevention condition (p = 0.038). Error bars rep-
resent the standard error of the mean.

It was initially hypothesized that, as a result of the successful emotional in-
duction of happiness in the promotion condition, children will express higher
engagement towards the robot in the promotion condition than in the preven-
tion condition. For the children’s verbal behaviors, the sample was non-normally
distributed. Thus, a Wilcoxon signed-rank non-parametric test was used for the
statistical analysis of the verbal behaviors variable. Whereas, the data for the
Affectiva engagement index followed a normal distribution and was hence anal-
ysed by applying a one-way Anova parametric test. The experimental condition
(promotion versus prevention) was used as the independent variable, while the
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dependent variables were the social verbal behaviors of the children and the Af-
fectiva engagement index. Findings revealed a significant effect of the condition
on both engagement criteria as clarified on Figure 4.4 (social verbal behaviors: W
= 236.5, p = 0.009, M = 0.003, SD = 0.007, Affectiva engagement index: p =
0.038, M = 33.3, SD = 18.84). Children exhibited more social verbal behaviors
in the promotion condition than in the prevention condition and the average of
the Affectiva engagement index was significantly higher in the promotion than in
the prevention condition.

It was therefore deduced that during the emotional induction scenario, in the
promotion condition, children were more socially engaged with the robot than in
the prevention condition. Results highlight the potential of designing child-robot
interactions in a promotion-focused paradigm that helps the children socially
engage with the robot. Eliciting particular social behaviors from the children
towards the robot may aid the development of children’s social skills.

Creativity

By proving the emotional induction, our successful implementation of a regulatory
focus scenario in cHRI was confirmed. Hence, the effects of the RFT on children’s
creativity skills were evaluated. In the same study including the priming scenario
(Study 1), a storytelling pre- and post-tests were included to evaluate children’s
verbal creativity skills. For the pre- and the post-tests, the storytelling activity
discussed in Chapter 3 Section 3.2 was used. For both tests, the experimenter
asked the children to use the storytelling software and tell a story to the Emys
robot. The behavior of the robot was also tele-operated and was structured into
five categories presented on Table 4.1.

Table 4.1: Coding scheme for the robot’s verbal behaviors.

Category Definition
Declare and
Explain

The robot establishes reasoning or explains actions to the
child. e.g., “You have four characters, you may select any
of them to tell your story!”

Suggest The robot suggests ideas for the story. In order to control
this category, the robot constantly and solely suggests the
same beginning of a story in case the child is not able to
start one.

Question The robot asks the child a question that invites a reply.,
e.g., “What happens next?”.

Value The robot praises and encourages the child. e.g., “That’s a
good idea!”

Express The robot empathises with the child. e.g., “Ohhh”
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Creativity was measured by means of the four creativity measures explained
in Chapter 2 Table 2.2 that are defined in the current context by the following:

1. Fluency: five categories of story elements that children may use in their
stories were defined: character, object, scenario, action and affective. Fluency
was then identified as the total number of story elements used by the child
independent of their category.

2. Flexibility: which was measured as the total number of elements belonging
separately to the different five story element categories.

3. Elaboration: was calculated as the total length of the story told by the child
from the first element to the last element they introduced.

4. Originality: assessed on a scale from 1 to 3 where 1 means the lowest origi-
nality level and 3 denotes the highest originality level. The average originality
and the frequency of the different levels of originality per child were then cal-
culated.

Similarly to the assessment of engagement measures, a coding scheme com-
prising of both the robot’s and the children’s verbal behaviors was designed to
evaluate creativity. The Elan software was used to code the audio data [198]. Two
coders double-coded 25% randomly selected samples of the data as per standard
practice [200]. Then the agreement between both the primary and secondary
coders was assessed. It denoted a high value of Cohen’s kappa ranging between
0.75 and 0.96 (M = 0.89). Therefore, the validity of the coding scheme was
ensured. The rest of the data was divided randomly and equally between two
primary coders who analysed the data individually due to the long duration of
the files.

The sample followed a non-normal distribution. As suggested by the litera-
ture [203], the data was normalised by applying a log transformation. Then, a
mixed Anova parametric test with the experimental condition (promotion ver-
sus prevention) as the between-subject variable and the type of test (pre- versus
post-test) as the within-subject variable was executed. As dependent variables,
the four creativity measures: fluency, flexibility, elaboration and originality were
used. Results highlighted a significant effect on fluency, flexibility and originality.
Children in the promotion condition, were more fluent in the post-test than in
the pre-test (p.adj = 0.032) as displayed on Figure 4.5. An effect that was not
observed in the prevention condition. For flexibility, the frequency of the cate-
gories of actions and characters were higher in the post-test than in the pre-test
in both promotion (for actions: padj = 0.044, for characters: padj = 0.027) and
prevention conditions (for actions: padj = 0.018, for characters: padj = 0.041).
Finally, for originality, unlike children in the prevention condition, children in the
promotion condition exhibited higher average originality in the post-test than in
the pre-test (padj = 0.041). In contrast, children in the prevention condition
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expressed a higher frequency of ideas of the highest originality (level 3) in the
post-test than in the pre-test (padj = 0.002) as shown on Figure 4.5. A similar
effect was not observed in the promotion condition.

(a) (b)

Figure 4.5: a) In the promotion condition, the fluency of the children was
higher in the post-test than in the pre-test (p.adj = 0.032). b) In the
prevention condition, the frequency of ideas with high originality was
higher in the post-test than in the pre-test (padj = 0.002). The graphs
represent normalised values.

Taken together, results have confirmed the initial hypothesis that the promo-
tion paradigm will have a higher positive impact on children’s creativity skills than
the prevention paradigm (in terms of fluency and average originality). Neverthe-
less, the frequency of the highest originality improved from pre-test to post-test
in the prevention condition and not in the promotion condition. These results are
consistent with previous research where children in the experimental condition
(using storytelling virtual characters portraying emotional behavior) generated
less in quantity but more original ideas than children in the control condition (us-
ing idle storytelling virtual characters) [114]. Moreover, results for the flexibility
measure emphasize on the high potential of collaborative storytelling experiences
between children and a robot on children’s verbal flexibility independent of the
regulatory focus condition. And finally, for the elaboration, it was calculated
as the total duration of the child’s story and no significant effect was found of
the independent variables on it. Contrasting this result with the result for the
fluency measure where children used more story elements in the post-test than
in the pre-test in the promotion condition; we deduce that children’s stories in
the promotion condition entailed more interim silence or filler words (i.e ummm,
ehhh...etc) in the pre-test than in the post-test.

With reference to emotional induction and engagement measures in the sto-
rytelling pre- and post-tests, persistence of emotional induction of happiness and
engagement in the post-test in comparison to the pre-test in the promotion con-
dition were measured. No significant results were found. Nevertheless, results
showed that children significantly expressed more social verbal behaviors towards
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the robot in the post-test than in the pre-test independent of the condition (W
= 1949, p = 0.002, M = 0.008, SD = 0.01) as shown on Figure 4.6. This result
suggests that children were getting more acquainted and engaged with the robot
over time.

Figure 4.6: Analysis of verbal social behaviors over time. Children ex-
hibited more social verbal behaviors towards the robot in the post-test
than in the pre-test independent of the condition (p = 0.002).

Limitations and Future Work

Despite this study being conducted in the field, it entailed some limitations that
were either addressed in the following studies of the thesis or may be addressed
in the future.

First, as illustrated by the findings, children in the promotion condition ex-
hibited more happiness expressions, were more engaged with the robot and were
more creative than children in the prevention condition. These results highlight
the links between the three notions of emotions, engagement and creativity. Fur-
ther analysis of statistical correlation between our measures was not conducted
but presents a potential direction for future work.

A second limitation is that the children’s natural regulatory focus state (i.e
their natural tendency to follow a promotion versus a prevention attitude) was
not accounted for. To investigate if ‘fitness’ could be a variable that is effective
in boosting creativity, future work should consider regulatory fit between the
children and the robot.

A third limitation is the lack of a baseline condition for some of the results.
A control condition that compares playing the collaborative game with the robot
to playing the game with a human or on a tablet will offer a better insight into
the role of the robot in such interactions. For example, the results highlighted
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better flexibility from children in the post-test than in the pre-test independent
of the priming condition. A control condition will highlight if these results are
caused by the mere presence of the robot.

A fourth limitation concerns the level of autonomy of the robot. In this study,
the Wizard-of-Oz (WoZ) technique was utilised to control the verbal behaviors of
the robot as a way to make the robot’s contributions to the story contingent on
the children’s stories. While this method to control the robot enabled the inves-
tigation of the corresponding research questions meaningfully, the tele-operation
comes with limitations. The next step for this work is to build an autonomous
robot system that can model in real-time the creativity in children’s stories.





Chapter 5

Creativity Alignment

5.1 Social Capital And Creativity

A vast body of literature has been dedicated to explore the associations between
social capital and creativity. Scholars hypothesized that several social capital
components such as network ties, type and depth of social relationships, daily
social interactions, mutual trust and goal sharing may impact creativity perfor-
mance [204–206]. Recent conducted research emphasized on the positive effect
that social capital has on creativity and that creativity has on efficiency in the
workplace [204]. Employees who exhibit healthy relationships with their col-
leagues based on trust, respect and manifested in strong friendship ties strengthen
the overall organisational creativity of companies [206]. Furthermore, efficient
communication processes have been deemed beneficial for organisational creativ-
ity [207]. Perceptions of the workplace as a form of social environments may
also affect resulting creativity from employees [208–210]. Additionally, evidence
provided by empirical research indicates that weaker social ties are accounted for
lower levels of creativity [211]. In another study, network ties and social inter-
actions have been found to have a stronger positive impact on creativity than
social trust and goal sharing [205]. Similar research has supported the claim that
social capital enhances creativity skills by reporting results of a study that de-
fines the depth of relationships as a mediating factor between social capital and
creativity [206].

In a different setting, recent research has examined the connection between
behavioral mimicry and creativity skills [212]. Behavioral mimicry between in-
teracting individuals is known to increase their affiliation, foster collaboration
between them and improve their communication together [136,213,214]. Results
have proven the positive impact that behavioral mimicry has on participants’
convergent thinking aspects of creativity. Convergent thinking is the creativ-
ity aspect responsible of driving links and connections between different cate-
gories to produce a creative output. Researchers in cHRI have utilised a similar

47
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methodology and have attempted to measure whether children users will mimic
a robot’s behavior that modeled creativity and therefore improve their creativ-
ity skills [36–38]. Results have emphasized on the potential of a robot’s creative
behavior in boosting children’s creative abilities.

Figure 5.1: Plot graph representing alternative sequence of events for a
robbery story [215]. The graph is learnt from training data in [216]. A
parent node has precedence over its children. For example, a node with
no parent such as “John covers face” will be triggered at any point of
time given that it is called before “John approaches Sally”. Each node
contains alternative semantically similar sentences. Dashed edges denote
mutual exclusiveness i.e two events that may not happen simultaneously,
only one of them is triggered.

5.2 Computational Models for Collaborative Storytelling

A fundamental contribution of creative AI is in the field of improvisational sto-
rytelling. Improvisational storytelling is the process of spontaneously generating
story content in real-time [215]. Engaging in a collaborative storytelling improvi-
sational activity signifies the contribution of one or several participants in creating
a coherent story without prior knowledge of a specific story line or other partic-
ipants’ possible input. In the field of AI, researchers have developed algorithms,
collected data sets and trained language models to generate improvised stories.
Pyggy is an artificial improviser embodied as a female human character [219]. It
was built to contribute in real-time collaborative theatrical improvisation with
a human in front of theatre audience. Pyggy uses the Google Cloud Speech-
to-Text API1 for speech recognition, Apple Speech Synthesizer2 for speech gen-

1https://cloud.google.com/speech-to-text
2https://developer.apple.com/documentation/avfaudio/avspeechsynthesizer

https://cloud.google.com/speech-to-text
https://developer.apple.com/documentation/avfaudio/avspeechsynthesizer
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Figure 5.2: Explicit (top) versus implicit (bottom) illustrations of the
“yes-and” statements collected in the corpus in [217]. Sentences high-
lighted in blue refer to the “yes” aspect (acceptance of suggestion) and
the ones highlighted in orange denote the new idea building on it.

eration, and Pandorabots3 combined with Chatterbot4 for managing dialogues.
Pyggy was pre-trained as an interactive chatbot through a preliminary website.
The produced corpus was additionally adjoined to the Cornell Movie Dialogue
data set [220]. Due to being constrained by data provided in the training set
and lack of story context tracking, Pyggy’s performance was limited. The same
researchers therefore developed A.L.Ex., an improvisational theatre agent devel-
oped by leveraging recurrent neural networks [219]. The authors evaluated the
two systems in several occasions by 5-100 people audiences. Audiences’ feedback
was used to enhance the developed agents. The authors further suggest evaluat-
ing improvisational theatrical AI against similar human performance. To avoid
bias, they propose that the audience is not to be informed about the source of the
improvisational content. Other attempts for automated storytelling include using
guided neural language models and plot graphs. In [221], Ammanabrolu et al. de-
fined a story as an event sequence and developed a model to build that sequence.
Next, they implemented the event-guided neural networks model that transforms
the sequence of events into corresponding sentences. Whereas, in [215], Martin
et al. explored plot graphs for automated narrative generation. A plot graph
is a compact representation of a narrative script entailing potential sequence of

3https://home.pandorabots.com/home.html
4https://pypi.org/project/ChatterBot/

https://home.pandorabots.com/home.html
https://pypi.org/project/ChatterBot/


50 CHAPTER 5. CREATIVITY ALIGNMENT

Figure 5.3: A sample story generated by the agent conversing with itself
manipulating Open AI GPT-2 [100] [218].

events. The graph uses different types of nodes and arrows to denote the various
temporal sequences. A subset of a story about robbery from the database in [215]
is shown on Figure 5.1.

Another approach known as the “yes-and” principle is utilized in [217], where
the researchers built a classifier based on the principle and used it for interactive
dialogue generation. The “yes-and” principle proposes accepting a suggestion
provided by another dialogue participant and then building on it. An illustration
of the “yes-and” principle is presented on Figure 5.2. Open AI GPT-n series,
a series of pre-trained language models that uses deep learning has also been
used for improvisational narrative generation. Using an earlier version, Open AI
GPT-2 [99], and then a sampling and ranking system, the authors of [100] have
developed a collaborative storytelling generator. A sample story generated by the
framework is demonstrated on Figure 5.3. The system was evaluated with the
Haru robot [218]. Additionally, scholars have recently manipulated the newest
version, Open AI GPT-35 [222], for an improvisational theatre play [223]. Trained
on 175 billion parameters -a 10 times larger amount than previous models- Open-

5https://beta.openai.com/

https://beta.openai.com/
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AI GPT-3 outperforms its predecessors for tasks such as improvisational theatre
and storytelling. A human operator selected a story continuation from three
sentences generated by the Open AI GPT-3 model in an interactive real-time
performance with other human actors. Authors of the work emphasize that it
represents the first performance of AI narration with humans for a live audience.

5.3 Relevant Thesis Work

Figure 5.4: Setup of Study 2: a one-to-one interaction between a child
and the Furhat robot.

This thesis aimed at investigating how to foster children’s creativity through
child-robot interactions. Previous work that involved creative behavior from a
robot that elicited similar creative behavior from children focused on simplistic
creativity tasks such as generating creative titles for images or building creative
artefacts. In contrast, this work aimed at embedding creative behavior in an
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inherently social experience. Therefore, storytelling was selected as the setting
for the activity. For the purpose of this work, two studies were conducted with
children (Study 2 and Study 3). Furthermore, a fine-tuned model was generated
and assessed to enable a social robot to exhibit creative verbal behavior in a
collaborative storytelling social activity with children. For both Study 2 and
Study 3, the Furhat robot [224] shown on Figure 5.4 was used. Furhat is a social
robot that has a virtual face back projected on a physically embodied head. The
virtual nature of Furhat’s face allows a wide range of facial expressions. The
robot is also capable of generating speech, eye gaze and head movements. Furhat
was chosen for the study for its various means of expressivity convenient for the
activity of a storytelling nature.

Creativity Alignment

Study 2 was implemented to analyse the effects of the creative behavior of a
robot on children’s creativity skills in an interactive storytelling experience. The
activity was designed as a one-to-one interaction between a robot and a child.
Each child was asked to collaborate with the robot and tell a story together. In
order to facilitate the storytelling interaction, the previously implemented sto-
rytelling software was used -explained in Chapter 3, Section 3.2- displayed on
a touch screen situated between the robot and the child. For simplicity, only
the “Castle” scenario was used. The child could choose between different scenes,
characters and objects and move them all around the screen in order to tell the
story with the robot. The child ineteracted with the Furhat robot that was con-
trolled using the WoZ technique to eliminate speech recognition challenges with
children. Children were unaware that the robot was tele-operated. The study
was conducted at the local technology Museum (Tekniska Museet) at Stockholm,
Sweden. It was conducted with 38 children in Swedish Language in a between-
subject designed study with two conditions “Creative” versus “Non-creative”.
Children’s age ranged from 5 to 10 years (M = 7.84, SD = 1.61 ). 6 participants
were excluded from the analysis for withdrawing from the activity. Therefore,
data from 32 children, 16 in the creative condition (M = 7, F = 9 ) and 16 in
the non-creative condition (M = 8, F = 8 ) was analysed. In the creative condi-
tion, the robot exhibited creative verbal behavior while telling the story with the
child. In the non-creative condition, the robot expressed simple ideas portraying
non-creative verbal behavior. It was hypothesized that children assigned to the
creative condition will significantly be more creative while telling their stories
than children who interacted with the robot in the non-creative condition. To
avoid biases stemming from children’s inherent creativity levels, a creativity pre-
test based on the procedures proposed in [69] was administered to the children.
Children were then assigned to the two different conditions in a balanced manner
such that the initial average creativity levels are similar for both the creative
and non-creative conditions (M = 7.56, SD = 2.99 and M = 8.38, SD = 3.12
respectively). Two experimenters were present in the room where the study was
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Story idea Average rating Assigned condition

The prince and the princess walked in
the garden.

2.2 Non-creative

The fish and the crocodile were swim-
ming in the lake.

2.43 Non-creative

The princess knew that that day was
the 25th of September, it was her birth-
day in 2100.

3.69 Creative

There was a magic chicken that had a
very good sense of smell.

4.01 Creative

Table 5.1: Originality ratings of story ideas by participants of the online
validation survey. Ideas rated on average higher than 3 were assigned
to the robot’s creative condition and ideas rated on average lower than
3 were assigned to the robot’s non-creative condition.

conducted. One experimenter greeted the child and later tele-operated the robot.
The other experimenter was responsible of handling the logistics of collecting de-
mographic data, parental consent and recording the audio and video data. The
setup of the study is displayed on Figure 5.4.

The experimenter tele-operating the robot selected the robot’s utterances ac-
cording to the robot’s behavioral condition from a pool of behaviors classified
as creative versus non-creative. In this study, the robot’s creative behavior was
defined in terms of three features:

1. Fluency of the robot’s ideas: the robot exhibited higher fluency of ideas
in the creative condition than in the non-creative condition in the storytelling
interaction. On average, the robot generated 5-7 ideas in the creative condi-
tion and 2-3 ideas in the non-creative condition.

2. Originality of the robot’s ideas: the robot expressed higher originality
of ideas in the creative condition than in the non-creative condition. Sample
ideas for the storytelling software were extracted from children’s stories in
Study 1. Extracted ideas were further validated in an online survey by 100
participants (male = 36, female = 63, prefer not to say = 1 ) in terms of
their originality (1 = extremely non-original, 5 = extremely original). Ideas
with an average originality rating higher than 3 were assigned to the creative
condition. Whereas, ideas with an average originality rating lower than 3
were assigned to the non-creative condition. Sample story ideas extracted
from the previously collected data set and used by the robot in Study 2 with
their corresponding condition are presented on Table 5.1.

3. Expressivity of the robot’s ideas: while the first two criteria (fluency
and originality of ideas) relate to the notion of verbal creativity, the aspect
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of expressivity of ideas is relevant to another type known as performance
creativity. The robot in the creative condition was more expressive (i.e acting
out parts of the story) than the robot in the non-creative condition. A set of
expressive behaviors were designed and validated in terms of their expressivity
(1 = extremely non-expressive, 5 = extremely expressive) by 100 participants
(male = 36, female = 63, prefer not to say = 1 ). Behaviors with an average
rating higher than 3 were then used in the creative condition and behaviors
with an average rating less than 3 were used in the non-creative condition.

To assess children’s creativity skills in the storytelling interaction, a native
Swedish speaker transcribed the data and generated English subtitles to ease the
process of data analysis and annotation by English speakers. A coding scheme
was developed based on the strategy suggested in [199]. As with the previous
study (Study1) the data was then annotated using the Elan software [198]. As
suggested in the literature, to ensure the validity of the coding scheme, the agree-
ment between two coders who double coded 25% of the data chosen randomly
was assessed [200]. The agreement was high with an average Cohen’s kappa of
0.85. Hence, one primary blind to the experimental condition coder coded the
rest of the data. In line with the measures used to generate the robot’s behavior,
children’s creativity skills were evaluated through the same three measures:

1. Fluency of the child’s ideas: number of ideas generated by the child
throughout the storytelling interaction.

2. Originality of the child’s ideas: each idea was rated in terms of originality
on a scale from 1 to 3 (1 = lowest originality and 3 = highest originality).

3. Expressivity of the child’s ideas: measured in terms of the expressivity
of the child (i.e changing their tone of voice while telling the story to denote
a chicken’s voice).

Furthermore, an adapted version of the Godspeed questionnaire [225] using
a 5 point Likert scale as a Smily-o-meter [226] was used to assess subjective
measures. The evaluated subjective measures included children’s perceptions of
likeability of the robot, likeability of the storytelling game and the intelligence of
the robot.

Given that the sample for children’s behavioral data followed a non-normal
distribution, the statistical analysis was executed through a Wilcoxon signed-rank
non-parametric test. The condition was used as the independent variable (creative
versus non-creative) and fluency, originality and expressivity of children’s ideas
as the dependent variables. Nevertheless, for the subjective measures, the data
was normally distributed and thus, a Manova parametric test with the robot’s
creativity condition as independent variable and the subjective measures as de-
pendent variables was administered. In contrast with prior research that suggests
that children copy a robot’s creative behavior [36–38], no significant effect of the
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robot’s creativity condition on children’s creativity skills was found. Moreover,
subjective measures of perceived likeability of the robot and the game as well
as the perceived intelligence of the robot did not differ significantly from one
condition to the other.

Hence, a few modifications were proposed to Study 2 to improve the results
and be able to foster children’s creativity through the robot’s creative behavior
in child-robot interactions:

• Modification 1: frustration from children at the non-contextual interference
of the robot to their stories was observed. As illustrated previously, the tele-
operator who operated the robot selected from a pool of ideas of a limited
number to add to the children’s stories. In many occasions, the robot’s in-
terference was non-contextual and seemed like a weird addition to the child’s
contribution. Therefore, the robot’s behavior may be built such that the
robot is able to autonomously understand the child’s input and respond with
a relevant contextual continuation to the story.

• Modification 2: in this study, children were instructed to randomly collab-
orate with the robot in order to create the story. In some instances, it was
not clear for the child when to contribute with their new idea. To eradicate
this confusion, the storytelling encounter may be designed for the child and
the robot to take turns one by one to add their own idea to the story plot.

• Modification 3: similar to the frustration exhibited by children in this study
(Study 2), in another study conducted as a collaborative drawing activity
between a robot and adults [227], users complained about the robot ruining
their drawings. Despite evidence in the literature that collaboration fosters
creativity [37,38,228], it is worth questioning if designing the interaction in a
less collaborative manner will alter the results. For example, if children will
exhibit higher creativity skills if they first listened to the robot’s story and
then told their own story rather than collaboratively telling the story together
with the robot.

A Creative Computational Model for Collaborative Storytelling

To improve on Study 2 by executing the aforementioned suggested modifications
1 and 2, two computational models were implemented that allow an artificial agent
to collaboratively create stories together with children. One model generates
creative content and the other produces non-creative content. The models are
designed such that the agent and the user take turns one by one to to tell the
story together. Audio data collected from the previous two studies (Study 1
and Study 2) were transcribed and 636 children’s story ideas/statements were
extracted. The extracted statements were then annotated and classified into two
groups provided as training data to enable the generation of the two different
models (creative versus non-creative). A novel approach to generate creative
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AI was followed by defining creativity in terms of the four creativity measures:
fluency, flexibility, elaboration and originality. Each extracted statement was
annotated based on the four creativity measures as follows:

1. Fluency: similar to the definition of fluency for the evaluation of Study 1,
fluency was defined as the total number of story elements in the statement
categorised in one of five categories: object, character, action, scenario and
emotion.

2. Flexibility: was defined as the number of categories addressed in each state-
ment. Therefore, the flexibility measure ranged from 1 to 5.

3. Elaboration: was defined as the total number of words per statement. Thus,
this measure took into account the elaborated details in a statement. For
instance, a higher elaboration score was given to the expression “a golden
shiny coin” than the expression “a coin” despite both of them having the
same fluency and flexibility scores (1 story element belonging to 1 category
of type object).

4. Originality: was defined on a scale from 1 to 5 where 1 is the lowest origi-
nality and 5 is the highest originality.

For the first 3 variables: fluency, flexibility and elaboration, a coding scheme
was developed and the data was annotated according to it. The validity of the
coding scheme was ensured when two coders double coded 10% of the data with
a high agreement of 87.12% [200]. Consequently, a primary coder coded the
remaining 90% of the data. For the fourth variable, originality, identified as the
most subjective measure of the four, was generated through an online validation
survey answered by 106 participants, 18-60 years of age. 14 users were excluded
for failing attention checks and thus, data included was from 92 participants (M =
32, F = 59, and 1 did not provide a gender). Users rated each extracted statement
based on its perceived originality on a scale from 1 to 5 (1 = extremely not
original and 5 = extremely original). The final originality rating was calculated
as the average rating for all participants. Both fluency and elaboration measures
were normalised to a scale from 1 to 5 to ensure consistency with the other two
variables.

Finally, the total creativity score was calculated as the average of the scores
for the four creativity criteria as per the following equation:

C(x) =
1

4
(
5 ∗ Fu(x)

Fumax
+ Fe(x) +

5 ∗ E(x)

Emax
+

1

N

N∑
i=1

Oi)

C(x) designates the creativity of a given statement, Fu the fluency measure,
Fe the flexibility measure, E the elaboration and O the originality. Statements
with a score higher than 2.5 were classified as creative and those with a score
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Table 5.2: Extracted statements from the data set and their respective
creativity scores (ranging from 1 to 5). The creativity score is used to
assign the corresponding statement to the training data of either the
creative (>2.5) or non-creative agent (<2.5).

Statement Creativity
Score

Creativity
Assign-
ment

There was a bee on top of the tree. 1.46 Non-creative
An alien comes out from its barrel underneath
the ground and it is very angry so it casts a
curse on the prince and the princess that they
will always be stalked by a crocodile.

4.52 Creative

less than 2.5 were classified as non-creative. The classified data was then utilised
to generate creative versus non-creative behavior for the two generated models
respectively. A couple of extracted statements with their final creativity scores
are demonstrated on Table 5.2.

The classification yielded 439 statements classified as non-creative and 197
classified as creative. To balance the sample, the 197 lowest rated non-creative
statements and the 197 creative statements were used to fine-tune the Open AI
GPT-3 pre-trained language model and generate the two models, the creative and
non-creative. The Davinci model, the most powerful model of Open AI GPT-3 for
language generation, was used with a default value of 4 epochs. Since the models
were trained on children’s data and aimed for use by children in the future, a
content filter that filters out inappropriate and unsafe content was embedded in
the models.

To confirm the validity of the models for the purpose they were created for,
10 stories generated between an agent and a human were evaluated by 26 partic-
ipants in an online survey (M = 4, F = 17 and 5 did not provide their gender).
Their age ranged between 26 and 50 years old (M = 32.5 ). Five of the evaluated
stories were generated between a human and the creative agent and the other
five stories were generated between a human and the non-creative agent. The
human was blind to the agent’s condition at the time of the story generation.
Each couple of creative and non-creative stories started with the same statement
from the agent. For example, Story 2 with the creative agent and Story 7 with
the non-creative agent started with the statement “Once upon a time, a prince
and a princess were living in a big castle”. A sample of stories generated between
the human and the two agents is illustrated on Figure 5.5. Survey participants
were informed that the story was generated between a human and an agent. They
were also instructed to rate the creativity of the agent on a scale from 1 to 5 (1
= extremely non-creative and 5 = extremely creative). The statistical analysis
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was executed by conducting a one-way Anova parametric test with the agent’s
creativity level as the independent variable and the average creativity score pro-
vided by survey participants as the dependent variable. Results confirmed that
overall, participants rated the creative agent as significantly more creative than
the non-creative agent (Creative: M = 3.36 , SD = 0.98, Non-creative: M =
2.84, SD = 1.1, p <0.001 ). Following the results from the validation study, the
effect of the models on children’s creativity skills were further evaluated.

(a) Story 2, generated with the creative
agent.

(b) Story 7, generated with the non-
creative agent.

Figure 5.5: Stories generated collaboratively between a human and an
agent trained on the data classified into creative versus non-creative
statements.

Final Creativity Assessment

As a final step of this thesis, Study 3 was conducted to evaluate the two im-
plemented models for collaborative storytelling with children. The generated
models were applied to the Furhat robot that engaged with children in a sto-
rytelling activity using the previously implemented software interface. Similarly
to the previous two studies, children were seated in front of the robot with the
touch screen displaying the software interface between them. The study setup is
demonstrated on Figure 5.6. It was hypothesized that children who engage with
the creative robot will express higher verbal creativity than children who interact
with the non-creative robot. To further execute modification 3 for Study 2 as
previously suggested, the interaction was evaluated in both a collaborative and a
non-collaborative setting. In the collaborative setting, children collaborated with
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the robot by taking turns one by one in order to tell a story. Meanwhile, children
used the storytelling interface and navigated between the scenes while telling the
story with the robot. In the non-collaborative setting, the robot first told a story
to the child. The story was visualised as a video on the screen in front of the
child. Afterwards, the child used the storytelling interface in order to tell another
story to the robot.

Figure 5.6: Setup of the interaction between a child and the Furhat robot
in Study 3. The previously collected data was used as a training sample
to fine-tune the Open AI GPT-3 model to generate creative and non-
creative behavior. The model was then integrated with the Furhat robot
that engaged with the child in a storytelling activity.

Hence, the study was structured in four conditions:

1. Creative collaborative: children collaborated with the robot displaying
verbal creative behavior as per the implemented creative model to generate a
story.

2. Non-creative collaborative: children collaborated with the robot display-
ing verbal non-creative behavior as per the implemented non-creative model
to generate a story.
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Table 5.3: Sample of speech recognition errors

Child’s input Error in speech recog-
nition (what the robot
heard)

The robot’s response
to the speech recogni-
tion

But the prince had a pet
bee which helped him.

But the prince had a pet
fee with Stelton.

The alien was scared! -the
alien was initially going to
attack the prince.-

Then the alien came from
outer space.

Ben 10 alien came from
outer space.

The alien wanted to kill
the prince with the sword.

3. Creative non-collaborative: children listened to the robot’s story gener-
ated using the implemented creative model. Then children had the freedom
to tell the robot another story while the robot listened to them.

4. Non-creative non-collaborative: children listened to the robot’s story
generated using the implemented non-creative model. Then children had the
freedom to tell the robot another story while the robot listened to them.

Sample stories generated in the four conditions are illustrated on Figure 5.7.
In the non-collaborative conditions, the robot acted as a silent listener when
children told their stories. As soon as children uttered the word “The end”, the
robot praised their story and ended the interaction. Nevertheless, the robot’s
behavior was more complex in the collaborative conditions. The robot listened
to the child’s input, understood it and then added an idea that builds on it. To
overcome speech recognition challenges, the collaborative systems were developed
in a way that allows the robot to use specific recognised keywords to generate its
next output. This approach enabled the robot to successfully preserve the story’s
context for most of the time. A couple of examples that illustrate the robot’s
behavior in case of an error in speech recognition are shown on Table 5.3.

Study 3 was conducted with 103 children recruited from 3 British interna-
tional schools in Stockholm, Sweden (M = 54, F = 49 ). The study was conducted
in English language. 10 participants were excluded and thus, data was analysed
from 93 children (creative collaborative = 24, non-creative collaborative = 23,
creative non-collaborative = 23, non-creative non-collaborative = 23 ). Their age
ranged from 7 to 9 years (M = 7.88, SD = 0.77 ). Children’s parents provided
written consent for the children’s participation in the study as well as the video
and audio collection.

Similar to Study 2, a pre-test was administered prior to the storytelling in-
teraction to ensure that the different condition groups are balanced in terms of
their initial average creativity scores (creative collaborative: M = 3.1, SD = 0.72,
non-creative collaborative: M = 2.8, SD = 0.74, creative non-collaborative: M
= 3, SD = 0.89, non-creative non-collaborative: M = 2.91, SD = 0.79 ). One
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experimenter was present in the room to offer help and guidance to the children
whenever they needed it. After the storytelling encounter, children responded
to an adapted version of the Godspeed questionnaire [225] assessing children’s
perceptions of intelligence of the robot as well as the likeability of the robot, the
storytelling game and the robot’s story ideas. Children answered the question-
naire using 5 point Likert scale Smily-o-meter [226].

Children’s creative skills during the interaction were evaluated using the four
creativity measures: fluency, flexibility, elaboration and originality. A coding
scheme was developed based on the four creativity measures’ definitions used
while producing the creative and non-creative computational models. The only
difference was in the assessment of originality. In Study 3, originality of each
idea was assessed on a scale from 1 to 3 (1 = lowest originality and 3 = highest
originality) using some standard rules instead of validating it by many survey
participants. The validity of the coding scheme was ensured by letting two coders
double code 20% randomly selected samples of the data as proposed in [200].
Their inter-rater agreement amounted to a percentage of 89.5% indicating high
agreement. Therefore, two primary coders separately coded the remaining part
of the data. During the coding process, the coders were blind to the experimental
condition.

The data for creativity measures was non-normally distributed. A log trans-
formation was thus applied to normalise the data as per standard practice [203].
A one-way Manova parametric test was then conducted. The condition (creative
versus non-creative) was used as the independent variable and the four creativity
measures as dependent variables. A significant effect was found on the fluency (p
<0.01 , M = 83.68, SD = 79.67 ), flexibility (p <0.05, M = 3.02, SD = 0.41 )
and elaboration (p <0.05, M = 88.45, SD = 87.7 ) measures. Children used
more story elements that belonged to more elements’ categories and included
more elaborated details in their ideas in the creative conditions (fluency: M =
100.12, SD = 96.38, flexibility: M = 3.12, SD = 0.37, elaboration: M = 102.91,
SD = 107.6 ) than in the non-creative conditions (fluency: M = 66.87, SD =
53.94, flexibility: M = 2.92, SD = 0.44, elaboration: M = 73.67, SD = 58.73 ).
For the originality, there was no significant effect of the creativity condition on
children’s average originality in the storytelling interaction. Nevertheless, a sig-
nificant effect of the condition was found on the frequency of ideas of medium
level originality (p <0.05, M = 2.68, SD = 3.27)). Children in the creative con-
dition (M = 3.49, SD = 3.93)) used more medium level originality ideas than
in the non-creative condition (M = 1.85, SD = 2.17 ). Graphs illustrating the
results are displayed on Figure 5.8.

Following the same procedures, a one-way Manova parametric test with the
type of interaction (collaborative versus non-collaborative) as independent vari-
able and the four creativity measures as dependent variables was administered.
No significant effect of the type of interaction on any of the creativity measures
was found.

For the subjective variables, the data was not normally distributed and ap-
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plying the log transformation did not yield to the expected normalisation. Thus,
a series of Wilcoxon signed-rank non-parametric tests were used to assess the
dependent variables. Either the creativity condition (creative vs. non-creative)
or the type of interaction (collaborative vs. non-collaborative) was used as inde-
pendent variables and the perceived intelligence of the robot, and the perceived
likeability of the game, the robot and the robot’s story ideas as dependent vari-
ables. The results highlighted that children in the creative conditions (M = 4.62,
SD = 0.67 ) perceived the robot as smarter (p<0.05 ) than in the non-creative
conditions (M = 4.14, SD = 1.02 ). Furthermore, children liked the robot’s story
ideas more (p<0.05 ) in the creative conditions (M = 4.5, SD = 0.68 ) than in
the non-creative conditions (M = 4.04, SD = 1.06 ). Contrary to the initial hy-
pothesis that children will positively perceive the interaction in the collaborative
conditions, children in the non-collaborative conditions (M = 4.42, SD = 0.8 )
significantly liked the storytelling game more (p<0.05 ) than in the collaborative
conditions (M = 4.1, SD = 0.83 ). Additionally, children liked the story ideas of
the robot more (p<0.05 ) in the non-collaborative conditions (M = 4.49, SD =
0.78 ) than in the collaborative conditions (M = 4.02, SD = 0.1 ).

In summary, the thesis was finalised by assessing the developed computational
model for collaborative storytelling with children. By conducting Study 3, the
implemented collaborative storytelling model used along with the developed sto-
rytelling software was proven to have a positive impact on children’s creativity
skills. Contrasting with findings from Study 2, Study 3 results highlight that
the robot’s autonomous, contextual and creative behavior plays a vital role in
boosting children’s creativity. Furthermore, perceptions of intelligence of the
robot, and perceptions of likeability of the game, the robot and the robot’s story
ideas were relatively high independent of the condition (ranging from 4.02 to
4.62 on a scale from 1 to 5). The subjective measures’ results suggest the high
potential of the activity in improving child-robot interactions.

Limitations and Future Work

Despite the promising results achieved by developing the computational models
and conducting Study 2 and Study 3, the work comes with its own limitations
that are hereby addressed.

Although Study 3 was conducted between children and an autonomous robot,
the robot was only autonomous in the story generation part. Amidst the interac-
tion, if a child asked the robot a random question about how to proceed with the
game, the robot would try to build on the question as a part of the story. Imple-
menting the robot as a fully autonomous agent during the whole interaction will
offer great insights into the benefits of using autonomous robots with children.

Despite the framework being able to successfully handle erroneous speech
recognition, speech recognition with children still presents a great challenge. Im-
proving speech recognition algorithms will render the system more robust and
will likely lead to better results concerning children’s creative abilities.
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(a) Condition 1: Creative Collaborative. (b) Condition 2: Non-creative Collabora-
tive.

(c) Condition 3: Creative Non-
collaborative.

(d) Condition 4: Non-creative Non-
Collaborative.

Figure 5.7: Stories generated in the four different conditions. In the col-
laborative conditions, the stories are generated collaboratively between
the child and the robot. In the non-collaborative conditions, stories are
first told by the robot. And then the child is prompted to tell another
story to the robot. The robot is generating creative content in the cre-
ative conditions and non-creative content in the non-creative conditions.
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(a) (b)

(c) (d)

Figure 5.8: Impact of the experimental condition (creative condition CC,
non-creative condition NC) on children’s creativity skills. a) In the cre-
ative conditions, children were more fluent than in the non-creative con-
ditions. b) In the creative conditions, children were more flexible than
in the non-creative conditions. c) In the creative conditions, children
were more elaborate than in the non-creative conditions. d) In the cre-
ative conditions, children used more medium originality ideas than in
the non-creative conditions.

Finally, these suggestions are offered to improve the performance of the de-
veloped computational models for storytelling in the future:

• The training sample for the computational models comprises of data extracted
from Study 1 and Study 2. In the future, augmenting the training data for
fine-tuning by using the data set collected in Study 3 and classified in terms
of creativity will likely improve the models’ performance.

• Statements were assigned creativity scores that were used to classify them.
Statements with a score higher than 2.5 were classified as creative. Whereas,
statements with a score lower than 2.5 were classified as non-creative. In the
future, ranking statements in the data set according to their creativity scores
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and feeding the scores to the computational algorithm will enable the system
to evaluate and generate statements that are more creative than others.





Chapter 6

Summary of papers

This chapter summarizes the individual contributions of the publications included
in the thesis.

Paper A: Reward Seeking or Loss Aversion? Impact of
Regulatory Focus Theory on Emotional Induction in Children
and Their Behavior Towards a Social Robot

In this paper, the data set collected in Study 1 was analysed by detecting emo-
tional expressions exhibited by children and assessing the engagement of children
with a social robot. Results proved the occurrence of emotional alignment be-
tween a child and a robot playing a game in a reward seeking scenario (promotion-
focused). In this scenario, the robot was displaying verbal and non-verbal behav-
ior portraying happiness. Nevertheless, emotional alignment did not occur when
children interacted with the robot portraying fear and the game was played in a
loss aversion scenario (prevention-focused). Moreover, the results have confirmed
that children exhibiting happiness expressions as a result of their alignment with
the happy robot were significantly more verbally engaged with the robot than
children who engaged with the robot expressing fearful behavior.

Paper B: “And then what happens?” Promoting Children’s
Verbal Creativity Using a Robot

After validating the success of the approach in paper (A) in inducing happiness
emotions in children; in paper (B), the impact of the implemented game scenario
on children’s creative abilities was investigated. Before and after playing the
game, children engaged with the robot in a storytelling interaction structured
in pre- and post-tests. Similarly to paper (A), children’s data from Study 1
was analysed. Children’s stories were evaluated in terms of the four creativity
measures: fluency, flexibility, elaboration and originality. The analysis showed
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that the creativity of children who interacted with a robot in the promotion-
focused paradigm significantly improved from pre-test to post-test in terms of
fluency and average originality expressed during the interaction. The same impact
was not observed for children who interacted with the robot in the prevention-
focused paradigm. However, children used more ideas of highest originality in the
post-test than in the pre-test of the prevention condition and not the promotion
condition.

Paper C: Once Upon a Story: Can a Creative Storyteller Robot
Stimulate Creativity in Children?

Paper (C) presents the design, implementation and evaluation of Study 2. The
aim in Study 2 was to assess if children will duplicate the creative behavior of a
social robot in a collaborative storytelling setting. The wizard-ed behavior of the
robot was designed to portray creativity through verbal fluency, originality and
expressivity of ideas. Children’s creativity was evaluated by the same measures.
The evaluation yielded no significant effects. The results were explained by the
frustration that children exhibited as a reaction to the robot’s random and non-
contextual interference to their stories. Results also suggested that the design
of the interaction in a collaborative manner may have cast a negative impact on
children’s freedom of expression.

Paper D: CreativeBot: a Creative Storyteller Agent Developed
by Leveraging Pre-trained Language Models

Two computational models that enable an artificial agent to collaboratively create
stories together with a human in a creative and non-creative manners respectively
were developed. In paper (D), the implementation and evaluation of the two
computational models is presented. To produce the creative and non-creative
models, the data set collected in Study 1 and Study 2 was used as training
data to fine-tune the Open AI GPT-3 pre-trained language model. The models’
level of creativity was defined and generated based on the four creativity criteria:
fluency, flexibility, elaboration and originality. A validation online study to assess
users’ perception of both generated models was then conducted. Users perceived
the agent integrated with the creative model as significantly more creative than
the agent integrated with the non-creative model.

Paper E: CreativeBot: a Creative Storyteller Robot to Stimulate
Creativity in Children

Finally, Study 3 was conducted to evaluate the performance of the implemented
computational models in paper (D) with children and the results were presented
in paper (E). The results explored whether children will duplicate a social robot’s
creative behavior generated autonomously in a collaborative storytelling setting.
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Furthermore, different levels of collaboration between a child and the robot were
investigated to identify whether they will yield to different results in terms of chil-
dren’s creativity. Children’s creativity skills were evaluated in terms of fluency,
flexibility, elaboration and originality of their story ideas. Findings highlighted
that children who interacted with the robot in the creative conditions were sig-
nificantly more creative than children who interacted with the robot in the non-
creative conditions in terms of fluency, flexibility and elaboration. Nevertheless,
the level of collaboration between the robot and the child did not cast an effect
on children’s creative abilities.





Chapter 7

Conclusion and Future work

7.1 Conclusions

The main aim of this thesis was to investigate how children’s creativity skills
can be fostered through child-robot interactions. The goal was achieved by in-
vestigating behavioral alignment in cHRI. Throughout this work, the effects of
emotional alignment and creativity alignment between a child and a robot on
the child’s creativity skills were investigated. Both a priming and a storytelling
activity were built to use as the mode of interaction between the child and the
robot and to assess the results. Results highlighted the positive effects that both
emotional alignment and creativity alignment have on children’s creativity skills.
In effect, emotional alignment resulted in higher engagement with the robot that
induced higher creativity in children. As a culmination of the Ph.D., these results
were utilized to build and assess a model that portrays creative behavior from
a robot while telling a story together with children. The model was evaluated
along with the accompanying software interface as an educational application
that aims to nurture children’s creativity skills. The results of the final study
confirmed the initial hypothesis -that children will express more creativity while
interacting with a creative robot than a non-creative robot- and emphasized the
application’s potential.

The key contributions of this thesis are:

• Investigating the effects of applying the RFT for the first time in cHRI.

• Investigating creativity alignment between a child and a robot in a storytelling
context for the first time in cHRI.

• Conducting three field studies with 210 school-aged children that produced
promising results. The three studies resulted in a rich data set of audio and
video files of child-robot interactions that offers a great body of research data
for researchers in the field of cHRI. The data set for Study 1 is already
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publicly available through Open Science Framework (OSF)1. In the future,
the data sets collected in Study 2 and Study 3 will be published.

• Conducting a study between children and an autonomous robot in an in-
teractive storytelling activity (i.e requires a lot of reciprocal conversation be-
tween the child and the robot). Most of the similar studies with children were
wizard-ed in the past.

• Adopting a new approach for the development of creative AI by producing
a model that enables an agent to engage creatively in a collaborative story-
telling activity. The novel approach is based on objective creativity measures:
fluency, flexibility, elaboration and originality. The model was successfully
validated for the purpose it was created for.

• Developing an educational application to stimulate children’s creativity skills.
The application comprises of a storytelling software allowing children to nav-
igate between different elements in order to tell a story. The software is
coupled with a model that allows a robotic agent to collaboratively tell a
story together with the child. The framework was evaluated with children
and was proven to have a positive impact on their creativity skills.

7.2 Limitations and Future Work

This dissertation has emphasized the positive effect that behavioral alignment
has on children’s creativity skills. Nevertheless, this positive effect was measured
either during the interaction with the robot or right after it. In the future,
exploring the long term effects of the exposure of the children to the robot’s
behavior in a longitudinal study will offer valuable insights into the potential of
the implemented methods. It is also worthwhile to investigate if the results will
be altered when the novelty effect, resulting from the fact that most children were
interacting with the robot for the first time, wears off.

Recently, we have conducted a study about the effects of conscious versus
subconscious mimicry on creativity skills. Participants interacted with a vir-
tual character telling an emotional story that is constant across all conditions.
One third of the participants were instructed to imitate the facial expressions of
the emotionally expressive character during the interaction (conscious mimicry
condition), another third of the participants just assisted to the conversation
with the expressive character naturally (subconscious mimicry condition) and
the last group interacted with a non-emotionally expressive version of the char-
acter (no mimicry condition). We measured: 1) if participants will mimic the
character subconsciously in the subconscious mimicry condition, 2) if in the no
mimicry condition, participants will exhibit emotional expressions consistent with
the character’s speech, 3) effects of the different types of the interactions tested on

1https://osf.io/

https://osf.io/
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the user’s emotional expression mechanisms (i.e if the level of emotional expres-
sion will be stronger in one condition than the other), 4) the effects of the resulting
different types of emotional expression/mimicry on user’s creativity skills. The
results of this study are currently under analysis. Due to Covid-19 restrictions,
it was conducted with adults. We aim in the future to migrate this study to
the storytelling setting developed throughout this thesis by eliciting emotional
behavior from the robot interacting with children.

Lastly, a possible future step would be to further develop the storytelling
educational framework to be potentially used as a stand-alone application with
children in schools or in their homes. The current application’s version only
functions with the Furhat robot using the Kotlin programming language. In the
future, the system may be updated so that it is possible to use it with other
robotic systems and integrate it with other technologies.
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