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Abstract

In this thesis, robotic mental well-being coaches are envisioned as tools to promote users’
well-being. With the rising prevalence of mental health disorders such as depression and
anxiety, access to mental well-being services remains a significant challenge. Robotic
mental well-being coaches are a promising approach for offering accessible tools to promote
users’ well-being, potentially preventing mental health issues. However, the effectiveness
of such robots hinges on being designed to meet users’ needs and concerns. As such, this
thesis presents a four-step Human-Centred Design (HCD) process applied to the design
and deployment of such robots: (1) understanding user needs and preferences for a robotic
coach, (2) specifying design and ethical guidelines for the robot, (3) producing robots
according to those guidelines, and (4) evaluating users’ perceptions of the robots.

The research presented in this thesis demonstrates an iterative HCD approach to
robotic mental well-being coach design and deployment. First, it reviews related literature
on well-being, human-robot interaction, and Human-Centred Design (Chapter 2). Then,
it engages in the HCD process, first identifying desirable robotic coach features and
capabilities, as well as potential advantages and disadvantages, together with prospective
users and professional coaches (Chapter 3). Next, it identifies design and ethical guidelines
for robotic mental well-being coaches based on the these findings (Chapter 3). Based on
these guidelines, a robotic coach is developed, and two longitudinal user studies evaluating
participants’ perceptions are conducted. Both user studies are conducted at a workplace
in Cambridge, investigating the real-world deployment of a robotic coach. The first user
study focuses on the examination of appropriate robotic coach form (Chapter 4). Based
on the findings from the first user study, the second user study distills insights for repair
strategies for a robotic coach’s conversational errors (Chapter 5). Finally, Chapter 6
discusses the design and ethical guidelines in light of related literature, critically reflects
on the design process implemented in this thesis, and discusses directions for future work.

Overall, this thesis aims to advance the human-centred and ethical design of robotic
mental well-being coaches. It contributes insights and guidelines for researchers and
developers, and an example of a design process which can be adapted to design future
robotic coaches. The thesis contributes toward robotic coaches that can best serve their

users, and have a positive impact by promoting users’ well-being in the real world.
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Chapter 1
Introduction

The United Nations has identi ed \ensuring healthy lives and promoting well-being
for all at all ages" as one of its Sustainable Development Goa2p]. Researchers have
highlighted the role of digital health technologies as a tool to address this go&H[ 251, 169,
including Arti cial Intelligence (Al) -based technologies R11, 16]. Re ecting this, Al-based
technologies are increasingly being designed to promote well-being, through deployment in
multiple contexts: at home B09, at universities [89], and at the workplace £323. Embodied

Al technologies have been part of this development. Socially Assistive Robots (SARS)
are physically embodied and Al-enabled robots which interact socially with people and
assist them with various well-being related tasks. To promote well-being, SARs have
been previously explored in assistive functions such as therapy for autistic childrei®()
and physical rehabilitation [254. Despite these advances, the human-centred design and
deployment of robots formental well-being coachings an under-explored research area,
due to the design challenges related to robotic technology, and the application area of
well-being.

Figure 1.1: An example of Human-Robot Interaction (HRI), from [62].
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1.1 Research motivation and scope

The incidence of common mental health disorders, including depression and anxiety, has
been increasing in England from 1997 to 2014. The total prevalence for common mental
health disorders, in the most recent survey conducted in 2014, was 17% across adults of all
genders in England3Q]. In a 2023 survey in the United States of America, 22.8% of adults
had experienced a mental health disorder in the past yea2][ In the European Union,
people experiencing depression or anxiety increased from 17.3% of the population prior to
the COVID-19 pandemic (2016) to 46% after the peak of the pandemic (2023p]. Despite

its importance, access to mental health resources is hindered due to accessibility issues
[178, such as poorly distributed resources and nancial challenges of provider institutions.

One approach to supporting people's well-being is well-being coaching. Well-being
coaching is a non-clinical intervention, aimed at promoting the coachee's well-being
through interaction with the coach [L1§. Well-being coaching includes multiple practices,
such as Solution-Focused Practice (SFP117, meditation and mindfulness 88|, Positive
Psychology (PP) P1], and Life Coaching (LC) [L1§. In general, coaching aims to help
coachees de ne clear and attainable goals, learn helpful skills to maintain well-being, and
savour and notice positive experiences in lif@]]. While well-being is of interest in multiple
areas of society, employers and workplaces are particularly interested in supporting the
well-being of their employees, and have undertaken interventions to promote well-being
[84]. In fact, the World Health Organisation has recommended that employers protect
and promote mental health at work £33, underlining the global importance of workplace
well-being.

Robots could provide access to such non-clinical well-being support through a coaching
Human-Robot Interaction (HRI) (see Fig. 1.1). In this thesis, robotic mental well-being
coaches are envisioned to be physically embodied and Al-enabled robots that interact
socially with people to deliver mental well-being coaching. Such robots have the potential
to promote mental well-being £48. They could address some of the aforementioned
accessibility issues, by being available to multiple users in public or private spaces (e.g., at
work or at educational institutions), and provide a exible schedule for interaction.

This thesis takes a Research through Design (RtD) approach to examining the role of
a robotic coach in supporting well-being in the workplace. When using an RtD approach
in the eld of Human-Computer Interaction (HCI), designers aim to \produce novel
integrations of HCI research in an attempt to design theight thing" [354, where the
\right thing" is a design artefact that \transforms the world from its current state to a
preferred state" B54 353. In this thesis, that design artefact is a feasible robotic mental
well-being coach for the workplace, which is designed according to what we can learn about
its appropriate role through research. This RtD process is itself a contribution of the
thesis. It can be reproduced and adapted by future researchers and developers to design

18



Figure 1.2: The four-step Human-Centred Design (HCD) proces$dqd, including the goal,
methods and related thesis chapters of each.

novel robotic coaches, or adapt existing o -the-shelf robots to be appropriate for coaching.
The criteria for evaluating a RtD contribution in HCI [354] are: a clearly detailed process,
signi cant invention, relevance of the work, and extensibility for future research. The work
presented in this thesis is discussed in light of these criteria in Section 6.2.

For digital well-being technologies such as robotic mental well-being coaches to expand
the accessibility of support, they need to be designed with end users in mirkd/§. In
order to centre users' perspectives within the RtD process, a Human-Centred Design
(HCD) process is chosen to facilitate the design and deployment of the robotic coach. This
constitutes involving users and other relevant stakeholderg§ (such as professional well-
being coaches) throughout the design proce22B 114. HCD is an iterative process which
consists of four steps (see Fig. 1.2): 1) understanding the context of use, 2) specifying
design guidelines, 3) producing design solutions according to those guidelines, and 4)
evaluating the designs with users (adapted fron1pQ). After the process is completed and
a design is evaluated with users (step 4), designers may iteratively return to step 1, 2, 3
and 4 as needed. For instance, designers may identify that a guideline was not su ciently
implemented, and return to step 3 to redesign or re-implement a feature.

To undertake these steps in this thesis, rst, we examine the needs and preferences
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of prospective users and professional coaches for a robotic well-being coach. Based on
those examinations, guidelines for the design of a robotic coach are introduced. Then,
two robotic coach implementations are iteratively created, following the guidelines and
focusing on two of them. Those implementations are then examined via two longitudinal
user studies conducted in a workplace, where the results of the rst user study feed into
the second user study. This thesis discusses these long-term, real-world workplace user
studies as \deployment" of the robotic coach. However, it is worth nothing that in these
studies, the robots are not fully autonomously deployed, but rather interact with users in
controlled user studies. This choice is taken to enable investigating the interaction with
the robotic coach in controlled conditions. This type of \deployment", in which researchers
control the timing of the users' interaction with the robot, as well as directly collect user
data, is distinct from real world deployment, in which users control whether and when
they interact with the robot. The implications of this are further discussed in Sec. 6.2.

1.2 Research questions and contributions

1.2.1 Overall research gquestion

In this thesis, we examine the role of robots in supporting mental well-being in the
workplace. We do this with a Research through Design (RtD) approach as the overall
methodological framework, and we aim to answer the overall research question by creating
a robotic artefact to support workplace well-being. We apply an iterative Human-Centred
Design (HCD) process to facilitate the RtD. We choose to use an HCD process due to the
importance of identifying user needs and preferences for well-being technologies, as well as
critically evaluating those technologies with user involvement. We generate research and
design knowledge throughout the steps of the HCD process.

Overall research question: \What is the role of robots in supporting
mental well-being in the workplace?"

The research sub-questions and contributions related to this overall research question
align with the steps of the HCD process. First, we explore users' and professional coaches'
needs and preferences for a robotic well-being coach (HCD step 1). We do this through
three design studies, where prospective users and professional mental well-being coaches
interact with and discuss a robotic well-being coach. The ndings from these studies
are then analysed to nd convergences and divergences, and based on this analysis are
distilled into guidelines for the design of a robotic well-being coach (HCD step 2). Then,
two di erent robot implementations are designed (HCD step 3) based on the guidelines.
We evaluate the design of the robots (HCD step 4), focusing on two particular guidelines
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in two user studies.

1.2.2 Research sub-questions

The research sub-questions (RQs) related to the above overall research question are as
follows:

Research sub-question 1 (RQ1) emerges directly from step 1 of the HCD process
(understanding the context of use) and is addressed in Chapter 3 of the thesis.

RQ1: \What are the needs and preferences of prospective users, and
preferences of professional coaches, for a robotic coach for well-being?"

RQ2 emerges directly from step 2 of the HCD process (specifying design guidelines)
and is addressed in Chapter 3 of the thesis.

RQ2: \What are design guidelines for robotic mental well-being coaches,
based on the needs and preferences identi ed in the previous step?"

RQ3 relates to steps 3 and 4 of the HCD process. It is proposed on the basis of one
of the design guidelines identi ed in Chapter 3: \Robot form should follow its function”,
l.e., it is formed based on the ndings of step 2 of the HCD process. This guideline was
selected for examination due to a robot's form being a major factor in how a user perceives
it, according to previous literature discussed further in 2.2.6.1. This design guideline is
examined in a user study conducted at a workplace, presented in Chapter 4 of the thesis.

RQ3: \How does robot form impact participants' perceptions of a robotic
coach?"

RQ4 relates to steps 3 and 4 of the HCD process. It is proposed on the basis of one
of the design guidelines identi ed in Chapter 3: \Acknowledgement and active listening
should be implemented through backchannelling and appropriate turn-taking”, and on
the ndings of the prior user study. In the prior user study (presented in Chapter 4),
it was noted that this design guideline was not implemented su ciently to help users
feel acknowledged during their interaction with the robotic coach. In fact, the largest
barrier to successful robotic coaching was identi ed to be the robotic coach's inappropriate
turn-taking, resulting in conversational errors. As such, the agenda for this study was
identi ed as the design and implementation of appropriate repair strategies to be deployed
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when such conversational errors occur. The study included a robotic coach deployment at
a workplace. This research question is addressed in Chapter 5 of the thesis.

[ RQ4: \How should a robotic coach repair errors?" ]

1.2.3 Research contributions

The research contributions presented in this thesis align directly with the research questions
presented in the above section. Additionally, the human-centred RtD process is itself a
contribution.

Contribution 1:  Understand users' needs and preferences, and professional coaches’
preferences, for robotic mental well-being coaches.

Contribution 2:  Specify guidelines for the design of robotic mental well-being coaches.

Contribution 3: Elucidate the in uence of a robotic coach's form on participants'
perceptions of the robotic coach.

Contribution 4.  Elucidate participants' perceptions of a robotic coach's repair strategies,
and distil insights for their longitudinal design.

Contribution 5: A design process which can be reproduced and adapted by future
researchers and developers of robotic well-being coaches.

1.3 Thesis structure

In Chapter 2, a review of the literature related to well-being and Well-Being Coaching
(WBC), Human-Robot Interaction (HRI), and Human-Centred Design (HCD) is conducted.
The review highlights recent advancements in the eld, identifying the research gap of
applying iterative Human-Centred Design to the design and deployment of robotic well-
being coaches.

The remaining chapters of the thesis follow the structure of the four-phase HCD process.

Chapter 3 of the thesis focuses on understanding the context of use and user needs
through user and stakeholder interviews and workshops (step 1 of HCD), and identi es
design and ethical guidelines based on that investigation (step 2 of HCD).

Chapter 4 evaluates one of the guidelines via a user study at a workplace, comparing
two di erent robot forms (steps 3 and 4 of HCD). Similarly, chapter 5 evaluates another
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guideline, and distils insights for error repairs for conversational errors made by robotic
well-being coaches, via a four-step design process, including a user study at a workplace
(steps 3 and 4 of HCD). This was done iteratively, i.e., the results of the rst user study
fed into the design of the second user study.

Chapter 6 rst discusses the design and ethical guidelines distilled in Chapter 3 in the
context of state-of-the-art literature, and re ects critically on the HCD process applied
in this thesis. It then outlines the major contributions of the thesis with regard to the
research questions, and discusses future work.

The research presented in this thesis aims to contribute to the design and deployment
of robotic mental well-being coaches.

1.4 Chapter summary

This chapter presented the foundation of this thesis. It introduced the motivation and
scope of the thesis, as well as the Research through Design approach, and the Human-
Centred Design process. It proposed an overall research question and sub-questions, and
summarised the main research contributions. Finally, it presented an overview of the thesis
structure, and summarised the research presented in each chapter.
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1. Axelsson, M. , Bodala, I. P., & Gunes, H. (2021, August). Participatory design of
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1.6 A note on the materials adapted in each chapter

This section reviews how works published throughout the completion of the PhD degree
are adapted in each chapter of the thesis. The numbering used here is from the above
section (Sec. 1.5).

Chapter 2

The literature review in this chapter is in parts adapted from works published throughout
the completion of the PhD degree. The literature portions of works re-purposed here have
been written by me as either the rst author of a given publication, or as a contributing
author to a speci ¢ publication. The list of works that have contributed to this literature
review is as follows:1 [20], 3 [62], 2 [26],5 [295],7 [25], 13 [298].

Chapter 3

The work in this chapter was rst published in and is adapted from a journal publication

in the Transactions on Human-Robot Interaction Journal (ACM) published in 20244

in list above) [26]. That publication was the result of a collaboration with Dr. Micol
Spitale, who at the time was a postdoctoral researcher at the AFAR Lab research group
(the research group in which this thesis research was conducted), and Prof. Hatice Gunes.
For that publication, | performed the data collection (i.e. conducting a workshop), with
assistance from Dr. Spitale. | also conducted the qualitative analysis and meta-analysis,
and was the rst author for the manuscript. The research design for the meta-analysis
was done by me with assistance from Prof. Gunes and Dr. Micol Spitale.

The publication 2 [26] also presents data from two other manuscripts. Those manuscripts
are also adapted in this chapter. First, some of the work here is adapted from a publication
in Robot and Human Interactive Communication conference (RO-MAN) 20211(in list
above) RQ. That publication was the result of a collaboration with Dr. Indu Bodala, who
at the time was a postdoctoral researcher at the AFAR Lab, and Prof. Gunes. For that
publication, | performed the data collection (i.e. conducting interviews and workshops),
conducted the qualitative analysis, and was the rst author. | designed the study (including
interview and workshop questions) with assistance from Prof. Gunes and Dr. Bodala.

Additionally, some of the work presented in this chapter is adapted from a submitted
manuscript to the Transactions on Human-Robot Interaction Journal (ACM) @ in list
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above) R7]. That manuscript was the result of a collaboration with Dr. Nikhil Churamani,
who at the time was a PhD student at the AFAR Lab, AtahanCald r, who at the time
was an intern at the AFAR Lab, and Prof. Gunes. For that publication, | performed the
qualitative data collection (i.e. conducting interviews), conducted the qualitative analysis,
and am the rst author. The user study was co-designed by me and Dr. Churamani, with
Prof. Hatice Gunes.

Chapter 4

The work presented in this chapter is the result of a collaboration with Dr. Micol Spitale
and Prof. Hatice Gunes. The research was conducted at and organised in collaboration
with Cambridge Consultants In¢. It was funded by an EPSRC Impact Acceleration
Award grant, awarded to Dr. Micol Spitale and Prof. Hatice Gunes. The work in this
chapter was rst published in and is adapted from a full paper conference publication at the
Human-Robot Interaction conference (IEEE/ACM) in 2023 299 (5 in list above). For that
publication, | contributed to the design of the robot and its interaction, in collaboration
with a professional well-being coach and Dr. Spitale. | performed the qualitative data
collection (i.e., conducting interviews), and conducted the qualitative analysis. The user
study was designed by Dr. Spitale, with assistance from me and Prof. Gunes. The
component of the investigation focusing on robot personality in this study was led by me.

Chapter 5

The work presented in this chapter is the result of a collaboration with Dr. Micol Spitale
and Prof. Hatice Gunes. The research was conducted at and organised in collaboration
with Cambridge Consultants Inc. The work in this chapter was rst published in and
Is adapted from a full paper conference publication at the Human-Robot Interaction
conference (IEEE/ACM) in 2024 R5 (7 in list above). For that publication, | contributed
to the design of the robot and its interaction, in collaboration with a professional well-
being coach and Dr. Spitale. | performed the qualitative and quantitative data collection,
conducted the qualitative and quantitative analysis, and am the rst author. | co-designed
the user study (phase 2) with Dr. Spitale and Prof. Gunes, and designed the rst, third,
and fourth phases of the study with feedback from them.

Ihttps:/lwww.cambridgeconsultants.com/
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Chapter 2

Literature review

This chapter provides a literature review of the three important concepts related to
this thesis: well-being and Well-being Coaching (Section 2.1), Human-Robot Interaction
(Section 2.2), and Human-Centred Design (Section 2.3). The intersection of these three
concepts forms the theoretical basis of this thesis (see Fig. 2.1). Well-Being Coaching is the
application implemented with the robotic coach, and the basis of the designed interaction.
Human-Robot Interaction is the primary eld of study, as well as the technology examined.
Human-Centred Design is the methodological basis for the research process, questions,
and contributions.

In Section 2.1, we examine the theoretical background of well-being and Well-Being
Coaching (WBC), including the theory of psychological well-being and speci ¢ coaching
practices as relevant to this thesis. The coaching practices reviewed are Solution-Focused
Practice (SFP), Life Coaching (LC), Cognitive Behavioural Coaching (CBC), mindfulness
and meditation, and Positive Psychology (PP). The importance of the well-being coaching
interaction and coach-coachee alliance is addressed (motivating the error repair research
presented in Chapter 5). Finally, this section examines previous well-being research at the
workplace, highlighting the relevance of examining robotic coaches at the workplace.

In Section 2.2, we review the eld of Human-Robot Interaction (HRI). We examine
Socially Assistive Robots (SARs) as a sub- eld, where robots are researched as tools to
support and assist their users. Then, previous work on Al-based virtual mental health and
robotic mental well-being coaches (a speci c type of SAR) is examined. We then examine
longitudinal HRI, as well as the use of Large Language Models (LLMs) in HRI. Finally,
the design space of HRI is detailed through the dimensions of form, behaviour, interaction,
and environment. We identify the research gaps of examining the Human-Centred Design
of robotic well-being coaches (addressed throughout the thesis), as well as the design of
their form (addressed in Chapter 4).

In Section 2.3, we review the theoretical basis of Human-Centred Design (HCD). We
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Figure 2.1: The theoretical basis for this thesis is formed by the intersection of three elds
of study: Well-Being Coaching, Human-Robot Interaction, and Human-Centred Design.

examine HCD research in HRI, reviewing ethics and previous well-being related research.
We then examine HCD methods in HRI, specifying common qualitative and quantitative
methods in the eld. This chapter informs the methods used throughout the thesis.

2.1 Well-being and Well-Being Coaching (WBC)

Examining practices aimed at promoting well-being is important for this thesis, as they
are relevant for providing information on how to design and evaluate a robotic well-being
coach. As such, the following section reviews the concepts of psychological well-being,
Well-Being Coaching (WBC) practices, well-being coaching interaction and alliance, as
well as well-being at the workplace.

2.1.1 Psychological well-being

Psychological well-being and its measures have multiple de nitions. According to Ryan
and Deci[269] \the concept of well-being refers to optimal psychological functioning
and experience". In order to enhance well-being during well-being practices suchLéde
Coaching (LC), acting in line with one's values by employing goal-striving is key1[1§.
Goals represent an individual's striving to achieve personal self-change, enhanced meaning,
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and purpose in life £87. However, each coaching practice often has a distinct focus on
a particular conception of well-being. For instance, Positive Psychology (PP) coaching
focuses on its own de nition ofwell-being as ourishing[283|summarised by Calvo and
Peters[51] as focusing on subjective valued experiences such as satisfaction (in the past),
optimism (in the future), and happiness (in the present).

Calvo and Peters[51] discuss the practice of designing technologies to promote well-
being as Positive Computing (PC). Their work points out three especially important
conceptualisations of well-being (among others) in terms of such technology development:
hedonic well-being, eudaimonic well-being, and the medical model of well-being. These
three concepts are introduced in this section.

2.1.1.1 Hedonic well-being

According to Ryan and Deci269] the hedonic approach to well-being \focuses on happiness
and de nes well-being in terms of pleasure attainment and pain avoidance". Associated
concepts are \subjective well-being, life satisfaction, happiness, positive and negative a ect"
[277]. Components of hedonic well-being that can be operationalised into measures may
be life satisfaction (with speci c components, e.g., work, health, and partner satisfaction),
as well as frequency of positive and negative a ecRT1. As such, related quantitative
self-report Likert scale questionnaire measures used in this thesis are the Positive and
Negative A ect Schedule (PANAS) B9, which measures the immediate or aggregate
self-report experience of positive and negative a ect (utilised in Chapter 5, see Appendix
C.5), as well as the Satisfaction With Life Scale (utilised in Chapter 4, see Appendix B.8),
a brief 5-item self-report Likert scale questionnaire measure [242].

2.1.1.2 Eudaimonic well-being

According to Ryan and Deci[269] the eudaimonic approach to well-being \focuses on
meaning and self-realisation, and de nes well-being in terms of the degree to which a
person is fully functioning”. While there are multiple examinations of this concept, Ry
[270]de nes the components of eudaimonic well-being as self-acceptance, positive relations
with others, autonomy, environmental mastery, purpose in life, and personal growth. The
operationalisation of these constructs as a self-report Likert scale questionnaire, in the
form of Ry 's Psychological Well-being Scaled7q (see Appendix B.7), is utilised in this
thesis (Chapters 4 and 5).

2.1.1.3 The medical model of well-being and mental health

The \medical model" of mental health can be understood as a scienti c process of
observation, moving from recognising symptoms to identifying diseases and developing
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treatments [283. Diagnostic criteria are based on de nitions used in common practice in
the medical community, detailed in e.g., the Diagnostic and Statistical Manual of Mental

Health Disorders (DSM-V) [L5. The medical model of well-being can be understood as
\well-being as the absence of dysfunction” [51].

The medical model is relevant to this thesis due to its use as means of a screening
method for safeguarding. In order to prevent harm to participants potentially su ering
from mental health disorders, diagnostic questionnaires for depression (PHQ199) and
anxiety (GAD-7 [339, see Appendix B.3) were utilised to screen out user study participants
with elevated scores on these measures (in Chapters 4 and 5). The basis for this screening
is further discussed in Section 3.5.5.

2.1.2 Well-Being Coaching (WBC) practices

There are various Well-Being Coaching (WBC) practices. WBC is focused on helping
people feel better about their lives|in the past, present, and future p1]. Coaching is a
non-clinical practice, targeted toward people who do not have signi cant diagnosed mental
health problems 40, contrary to psychological therapy, in which mental health problems
are treated. Di erent types of WBC include Solution-Focused Practice (SFP)229, Life
Coaching (LC) [114, Cognitive Behavioural Coaching (CBC) 337, mindfulness and
meditation [88], and Positive Psychology (PP) 281. The coaching practices introduced
in this section are relevant to the thesis in that they are discussed at parts of the design
process (Chapter 3), with a particular focus on PP in the user studies presented in Chapters
4 and 5.

2.1.2.1 Solution-Focused Practice (SFP)

Solution-Focused Practice (SFP) and Brief Solution-Focused Practice (BSFP1d9,
adapted from Brief Solution-Focused Therapy (BSFT) 187, are strengths-based ap-
proaches that focus on the resources a person already has, and the steps they are already
taking toward reaching their goals §6]. SFP and BSFP are based on the premise that the
coachee already has the tools and resources to solve their own problems, and the coach
helps them recognise and apply them.

2.1.2.2 Life Coaching (LC)

Life Coaching (LC) focuses on 1) identifying the coachees' issues, 2) creating clear goals,
3) setting attainable steps to achieve those goals, and 4) checking progress in the next
session114. LC aims to promote a more ful lling and purposeful life for the coachee,
together with the coach. LC can incorporate conversations, and use visualisation, drawing,
writing and body-awareness exercises.
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2.1.2.3 Cognitive Behavioural Coaching (CBC)

Cognitive Behavioural Coaching (CBC) aims to help coachees attain their realistic goals
by integrating cognitive, behavioural, and problem-solving skills. CBC assumes that stress
and performance are a ected by the coachee's perceptions, as well as thoughts and feelings
about particular events. The practice aims to reframe the coachee's thoughts in a more
productive and accepting manner. CBC is based on Cognitive Behavioural Therapy (CBT),

a therapy used for mental health disorders such as depression [75].

2.1.2.4 Mindfulness and meditation

Mindfulness and meditation focus on the coachee learning to observe their own thoughts,
and \consciously attending to one's moment-to-moment experience49, 28¢. Mindfulness
practice involves consciously observing one's current state of mind, while meditation is a
practice used to develop the skill of mindfulnes286, as well as a method of self-regulation
[325. Galante et al.[105]found that providing mindfulness services to students could be an
e ective component of a larger mental health strategy, in order to improve resilience under
stress. Informal mindfulness practices were also found to signi cantly reduce perceived
stress, anxiety and depression, and increase satisfaction with life [284].

2.1.2.5 Positive Psychology (PP)

Positive Psychology (PP) coaching is a style of coaching that places emphasis on the
positive aspects of the coachee's life, and fostering a positive attitude toward things that
happen in their life 281]. Combining coaching with PP exercises can improve the e ect
of PP interventions [314. PP practices can include focusing on positive experiences or
positive individual traits [87]. Examples of PP exercises include writing down things that
the coachee is grateful for daily (in order to increase gratitude), and identifying a coachee's
key strengths which they used in a particular situationZ1(d. PP has been widely used in
organisations to enhance employee well-being and performan2&(, and in schools to
improve student well-being, relationships, and academic performance [328].

2.1.3 Well-being coaching interaction and alliance

The coaching interaction within human-to-human coaching involves a relationship that
develops over time, becoming more complex and enrichiri3f. This relationship is often
described through thealliance between the coach and the coachee, which can be measured
in terms of Goal, Task, and Bond (Working Alliance Inventory Short Revised, WAI-SR
[219, see Appendix B.5). While we do not claim that such a \relationship” necessarily
develops between a user and a robotic coach, we consider the alliance metric important for
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examining longitudinal interactions with robotic coaches. As such, this measure is applied
in both user studies (Chapters 4 and 5).

Factors that positively in uence alliance can be related to the coach's behaviour and
personality traits. For instance, openness, genuineness, warmth, empathy, and positive
regard with the coachee can contribute to the success of coachi@g@g 97]. These factors
have implications for the design of robotic coach behaviours and even personality (which
is explored in Chapter 4).

On the other hand, ruptures in the coaching interaction can be detrimental to the
alliance between coach and coache®rf 54, 273. Such ruptures include a coach having
poor listening skills, not being supportive, sensitive or exible enough, as well as struggling
with providing the coaching p4]. Resolving such mistakes can positively impact the
helpfulness of coaching. Such rupture repair for a robotic coach is further explored in
Chapter 5.

2.1.4 Well-being at the workplace

The World Health Organisation (WHO) states that decent work is good for mental
health, but that poor working environments can pose a risk to mental health383.
WHO recommends that employers take action to protect and promote mental health at
work, using strategies such as improving mental health literacy and awareness, as well
as providing interventions for employees to build stress managements skills and reduce
mental health symptoms B35. In response, employers have recognised that employees’
optimal well-being aligns with their corporate interests, and have been exploring methods
to support employees' well-being [203].

Positive Psychology (PP) has been explored in the workplace to enhance work satis-
faction, motivation, and productivity [ 204 85. A systematic review by Donaldson et al.
[84] found that PP interventions in the workplace had a \small positive e ect on improv-
ing desirable work outcomes”, and a \small to moderate e ect on reducing undesirable
work outcomes". PP exercises explored at work have focused, for instance, on employee
strengths, gratitude, and employee well-being8ff]. As another example, mindfulness
exercises have also been explored in the workplace, and have been found to have moderate
e ects for reducing stress and anxietyl93, improving job performance 193, and reducing
employee distress [288].

Novel technological methods of providing well-being practice to employees are beginning
to be explored. For instance, Virtual Reality (VR) has been explored to provide relaxation
tasks with nature-based stimuli and meditation exercises, with mixed results from small-
scale studies359. However, the introduction of such technologies (especially sensing
technologies such as A ective Computing) has also raised criticism for their potential for
workplace surveillance202 159. While robotic well-being coaches are a novel research
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topic for the support of well-being in the workplace, ethical risks such as privacy need
to be thoroughly examined. Such ethical issues are discussed in Chapters 3 and 6 of the
thesis.

Encouraged by WHO's recommendation and employers' interest in promoting the
well-being of employees, we examine the deployment of a robotic mental well-being coach
in a workplace context (Chapters 4 and 5). The robotic coach developed for the workplace
utilises Positive Psychology (PP) coaching, which has already shown promising results in
terms of improving employee well-being at the workplace, as reviewed in this section.

2.2 Human-Robot Interaction (HRI)

The eld of Human-Robot Interaction (HRI) studies interactions between humans and
robots [34]. Social robotics, which is a sub eld of HRI, is particularly concerned with how
people interact socially with robots, rather than the physical manipulation of objects or
the physical operation of robots, which is a main area of focus in more traditional robotics
[34]. Social robots are robots that are \designed to interact with people in a natural,
interpersonal manner" f47], and can take on roles such as companion or collaborat@a].

The research interest in social robots is in uenced by the Computers Are Social Actors
(CASA) theory [221]. This Human-Computer Interaction (HCI) theory posits that users
perceive interactions with computers as fundamentally social. The CASA theory claims
that such perception of sociality is not due to misunderstanding or ignorance, rather due
to a common tendency of people to make sense of computers in a social man22i]| The
CASA theory was formed based on ve experiment®221], and was later extended into
\the media equation”. The media equation claims that people tend to assign characteristics
to computers and other media, and treat them as if they were social acto25g. In later
research, these theories have been further extended to social robdB7. Although recent
research has questioned the applicability of CASA, particularly as media technologies
(especially desktop computers and mobile phones) become more commonplagd,[the
underlying theories still form a major foundation for the HRI eld and are relevant to the
research presented in this thesis.

In comparison to other Al-based social agent technologies, social robots have a physical
embodiment. On the one hand, non-embodied Al agents can be more scalable and
accessible, since they can be deployed on mobile phones and computers, and more people
currently have access to mobile phones and computers than social robots. On the other
hand, physically embodied robots have other advantages over non-embodied Al agent
technologies. For instance, physical embodiment in human-agent interaction has shown
positive e ects on participants' feelings of an agent's social presence, and evaluation of
the interaction with the agent (in comparison to disembodied social agents)gqd. In a
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2019 review of 65 studies examining robot embodiment, Deng et 0] found that in
63.1% of the studies that compared physical and virtual robot embodiment, the physical
condition showed improvements in interaction and performance measures, while 6.1% of
studies showed negative results. Roboticists have argued that the selection of embodiment,
or lack thereof, is task-speci c 280 80. In the discussion of their survey, Deng et a[80]
note that tasks that are relationship-oriented, e.g. home companionship, can bene t from
robot physical embodiment to increase \social presence, and in turn, engagement and
rapport”. This supports that physically embodied robots may be especially important
for well-being coaching, where rapport and presence support a successful interaction.
In fact, in a well-being journalling interaction, an embodied robot was found to elicit
mood improvements in participants, while a voice agent did no2[7§. In that study, the
robot also elicited higher levels of self-disclosure from participant®7g. Such studies
demonstrate the signi cant in uence that physical embodiment can have on Al interaction
outcomes for users, contributing to the foundation of the research interest in social robots.

The factors detailed above have inspired research into social robots as companions
[184 131], as well as in assistive applications such as tutor&gQ 36] and therapeutic tools
[121, 83. These research developments indicate the applicability of social robots in various
roles and contexts of life. As such, research into the design and deployment of robotic
mental well-being coaches is particularly timely. The following sections review research on
topics relevant to this line of inquiry: Socially Assistive Robots (SARs), Al-based virtual
mental health, mental well-being coaching in HRI, longitudinal HRI, Large Language
Models in HRI, and the design space of HRI.

2.2.1 Socially Assistive Robotics (SARS)

Research regarding Socially Assistive Robotics (SARs) concerns robots that give aid or
support people via social interaction, e.g., by providing support for rehabilitation or
learning [96]. SAR research involves both studying user behaviour to better understand it
and its underlying mechanisms, as well as encouraging \productive goal-driven behaviour"
as part of the assistive process delivered by the robd&(5. Robotic mental well-being
coaches are a type of SAR, which are previously under-researched.

Previous research has examined SARs for both physical as well as emotional and mental
well-being. Robots implementing physical therapy have been recently examined. For
instance, Xu et al.[346]examined the trust in a robot therapist in comparison to a human
therapist in a physical therapy healthcare scenario, where they found that users' trust
in the human and robot therapists were measured at a comparable level. In that study,
the NAO robot was programmed to autonomously perform the exact same verbal and
non-verbal behaviours as the human physical therapis84§. The authors presented that
trust was in a bigger role in interactions with the robot therapist, and some participants
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may have over-trusted the robot 34§. As another example, Winkle et al[342]examined

a robotic physical therapist, co-designed with therapists. The study presented suggestions
for integrating SARs into physical therapy delivery B42. A later study by the researchers
examined the participatory automation of the robotic physical therapist, by having domain
experts give feedback directly to the robot343. A few studies have explored mental
and emotional well-being support through SARs. For instance, robots have been used to
improve well-being by instilling behavioural changes to help with weight los463. Karim

et al. [156]explored a community-based social robot that could display the users' mood
data, in order to raise community awareness about the emotions people feel. These works
demonstrate the research eld of SAR is quite active, with new research ndings rapidly
shaping the eld.

2.2.2 Al-based virtual mental health

Some previous research has been conducted on Al-based conversational well-being coaches
in the form of phone or computer applications, without a physical robotic embodiment.
These applications are of particular interest, since they are often designed to engage in
similar interactions with people as Socially Assistive Robots. In particular, they are often
envisioned to act as arti cial conversation partners. In this section, two recent surveys
examining conversational Al-based well-being interactions are reviewed.

In 2023, Li et al. [189] conducted a systematic review of Al-based conversational
agents for promoting mental health and well-being, analysing 15 randomised controlled
studies. In these studies, participants interacting with an Al-based conversational agent
(in comparison to various control conditions) exhibited a signi cantly greater reduction in
psychological distress and depression [189]. However, no signi cant impact on well-being
was found. The authors suggest that user experience with those conversational agents was
\largely shaped by the quality of human-Al therapeutic relationships, content engagement,
and e ective communication” [189. In a 2019 review of 13 studies, Ga ney et al104]
found that 5 of the controlled studies reported signi cant improvements in psychological
distress, compared with a control or no treatment group. Their ndings indicated that
in 11 of the identi ed studies, participants reported that they were satis ed with the
conversational interventions, citing enjoyment of e.g., the agent's interactivity, empathy,
personality, or its ability to form a relationship and learn from input [L04. Three studies
also reported accessibility of the agent as an advantage according to the participarit94.

Overall, these works show that Al-based conversational applications have been some-
what successful in reducing psychological stress, and that participants have reported gener-
ally positive experiences with such applications. However, improvements in well-being have
not been robustly demonstrated. These works point to the need for investigations that ex-
amine how Al-based conversational applications could be used to improve users' well-being.
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This motivates the research in this thesis, which focuses on well-being speci cally.

2.2.3 Mental well-being coaching and HRI

Recently, more research has been conducted into examining embodied robots to promote
mental well-being. Akiyoshi et al.[5] explored a robot applying a stress-coping technique,
to improve participants' mood by self-disclosing to a robot conversational partneb]|
nding that participants experienced less anger. Jeong et al. examined an autonomous
robotic Positive Psychology coach to improve college students' well-being [146, 147, 148].
The robot was deployed in students' dorms, and conducted 7 sessions, one each day.
Students who interacted with the robot reportedly improved in terms of well-being, mood
and readiness to changelfig. Khoo et al. [162] explored the use of a QTrobot to support
older adults' well-being through conversation engagement, nding the need to improve
interactions with personalisation, e.g. with emotion and non-verbal cue detection. Rasouli
et al. [256] conducted a co-design study involving well-being professionals and prospective
users to identify design-related needs for a robotic public speaking coach, intended to
manage public speaker anxiety, nding insights for the robot's design.

A few studies have focused on robots for mindfulness. Bodala et @3] examined a
teleoperated Pepper robot as a mindfulness coach, interacting with participants over 5
weeks. The study compared the Pepper robot with a human mindfulness coach. Both
coaches were rated highly, however the robot ranked lower in animacy and anthropomor-
phism [43]. A study by Alimardani et al. [6] examined the use of robot-led mindfulness
meditation, nding that the participants' mood improved after the interaction. Matheus
et al. [206]also examined robots for mindfulness, and used the custom-built robot Ommie
to conduct private deep-breathing sessions at a health centre. They found that participants
successfully completed deep breathing exercises with the rob20§. In a later work, the
researchers explored deep breathing phase classi cation with deep learning techniques,
based on multimodal data gathered with the robotZ07. Robinson et al.[266] conducted
a randomised controlled trial to examine the feasibility of an autonomous robot to instruct
a mindful breathing technique, nding moderate ratings of technique enjoyment and
usefulness.

Research has also been conducted to explore well-being robots for children and adoles-
cents. Alves-Oliveira et al.[8] conducted a co-design study with adolescents to explore how
a robot could support their mental health, identifying design requirements concerning the
robot's role and data privacy. The researchers also conducted a study where adolescents
interacted with a well-being promoting robot, as well as used a traditional well-being
workbook, nding that the robot created more engagement and was preferred by the ado-
lescents §]. Abbasi et al.[1] examined the use of robots to conduct well-being assessments
with children in an empirical study, nding that robotised assessments seemed to be most

36



suitable to identify well-being anomalies, in comparison to self-report and parent-report
assessments.

Overall, previous research in well-being applications of both mobile-based applications
and robots for well-being coaching present promising results. However, the human-centred
design and real-world deployment of a robotic mental well-being coach is under-researched.
The thesis addresses this gap by implementing a Human-Centred Design process (HCD)
to examine the design and workplace deployment of a robotic mental well-being coach.

2.2.4 Longitudinal HRI

One of the current challenges in HRI is long-term interaction with users. Historically,
many HRI works have focused on one-session user interaction studigs4]. Longitudinal
HRI refers to HRI sustained over several interaction sessions. A major challenge related
to longitudinal HRI is the novelty e ect [139, in which users become accustomed to a
social robot over time, leading to di erent reactions to the robot over time in comparison
to the rst encounter. Such habituation to robots poses design challenges related to the
continued engagement of users by robots.

Recently, novelty and habituation challenges posed by longitudinal HRI have been
addressed by adapting the design of the robot or its behaviour over time. For instance, Lee
et al. [182]examined a personalised snack-service robot in comparison to a non-personalised
one, nding that personalised service improved \rapport, cooperation, and engagement"
with the robot in a four-month eld experiment. Ahmad et al. [4] compared game-based,
emotion-based and memory-based adaptation in child-robot interaction, nding that
emotion-based adaptations were the most e ective for longitudinally engaging children.
Very recently, Chen et al.[58] proposed applying adaptive robot role-switching from
leader to follower to engage children in a multi-person robot interaction. These studies
indicate that adaptation and personalisation can improve user experience in longitudinal
interactions.

To investigate users' perceptions in longitudinal studies, researchers collect longitudinal
data. This may involve collecting both qualitative (see Section 2.3.2.1) and quantitative
(see Section 2.3.2.2) data within and across each session. Researchers may use methods
such as qualitative comparison (Sec. 2.3.2.1) or descriptive statistics (Sec. 2.3.2.2) to
compare users' perceptions across sessions, or longitudinal modelling (e.g., multilevel
modelling [247) to understand longitudinal e ects on perception. Data used for such
longitudinal investigation often includes self-report user questionnaires, most commonly
utilising questionnaires speci c to perceptions of robots (as discussed in Sec. 2.3.2.2).
Other longitudinal data includes users' behavioural data, and qualitative data collected
from interviews.

This thesis presents two longitudinal (i.e., four weeks) deployments of a robotic well-
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being coach at a workplace in Chapters 4 and 5, examining the design of robot behaviour
for longitudinal interactions in the latter.

2.2.5 Large Language Models (LLMs) in HRI

The HRI eld has experienced a very recent shift with the introduction of Large Language
Models (LLMs). LLMs are Al systems capable of generating written language, trained
on \billions of words derived from articles, books, and other internet-based content310.
LLMs gained popularity with the introduction of OpenAl's! ChatGPT in November
2022. ChatGPT is a chat-based conversational LLM-interface capable of responding with
a text-based language output to text-based user input. \GPT" stands for Generative
Pre-trained Transformer, referring to the transformer architecture of the model (i.e., a
\neural architecture which encodes input data as features via the attention mechanism”
[125]), which is pre-trained on datasets of unlabelled text.

Since then, LLMs have been adopted into and researched in various elds, including
medicine B1(d, education [L57, autonomous agents32q, and HRI [35]]. In HRI, LLMs
can o er powerful capabilities such as advanced conversational skills by acknowledging
users' utterances and managing open-ended request§4, and a method to rapidly
prototype modules for robot architectures 339. Due to this, they have already been
widely adopted B51. According to a review by Zhang et al[351] LLMs have been
deployed in conversational HRI to begin conversations, reduce ambiguity, and to interpret
and generate non-verbal signals. In this thesis, the embedding of a LLM within a robotic
well-being coach is explored in the user study presented in Chapter 5.

While LLMs are promising tools for improving HRI, they also carry several ethical
considerations. Well-known issues are detailed here, although this review is not com-
prehensive. \Hallucinations", i.e., misinformation, are common with LLMs 149 where
they, for instance, may generate citations that do not exist, or provide illogical reasoning.
LLMs also introduce various privacy issues, where the consenting process for users is often
inadequate B48. Developer companies of LLMs have been criticised for unethical labour
practices, leveraging global economic inequality to pay low fees to employees to lIter
toxic training data [244, 198. Developer companies have also maintained an ambiguous
stance about the source of commercial LLMs' training data, with OpenAl being sued
for stealing both \massive amounts of personal data" (including medical datay$], and
copyrighted artistic works such as novels7’p]. Among other ethical challenges for LLMs
raised are transparency, equality and fairness, and autonom$4@g 124. In well-being and
healthcare in particular, ethical concerns of LLM applications include scienti ¢ integrity,
the therapeutic relationship (between patient and caregiver), as well as well-being versus

Ihttps://openai.com/
Zhttps://openai.com/index/chatgpt/
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harm outcomes 124. The ecological impact of training LLMs has also been criticised,
with the training of a single model being comparable to the emissions of a Trans-Atlantic
ight [ 37]. While ethical issues in LLMs are extremely signi cant, no systematic research
on the ethical implications of LLMs applied in HRI has yet been conducted. While the
thorough addressing of these was out-of-scope for this thesis, further ethical issues are
re ected on in Section 6.5.3.

2.2.6 The design space of HRI

The design of HRI and social robots encompasses multiple interconnected dimensions.
Several frameworks to address these interconnected dimensions have been proposed. For
instance, Bartneck and Forlizzi[33] proposed ve robot design framework dimensions:
form, modality, social norms, autonomy, and interactivity. Baraka et al[31] de ned seven
dimensions to characterise social robots: appearance, social capabilities, purpose and
application area, relational role, autonomy and intelligence, proximity, and temporal pro le.
Axelsson et al.[22] de ned four dimensions speci cally in the \Solution Space" of social
robots: form, interaction, behaviour, and environment. This framework utilised a HCD
approach, where the design of those four dimensions was in uenced by rst considering
the \Problem Space", i.e., the user needs and preferences, then distilling those needs and
preferences into guidelines in the \Design Guideline" phase. Finally, those \Guidelines"
were used to design the \Solution Space" of the roboRf] (see Fig. 2.2). In the following
section, we utilise this four-dimension \Solution Space" framework for the design of social
robots to review the design space of social robotic products and interactions. We utilise
this framework here due to its explicit relationship to the iterative HCD process, where
robot design dimensions are explicitly in uenced by and iterated upon based on user needs
and preferencesZZ. As such, the following sections discuss the design of robot form,
behaviour, interaction, and environment.

2.2.6.1 Form

Social robots are distinguished from other interactive and social arti cial agents by their
physical embodimen{34], which can be categorised into bio-inspired (human-inspired and
animal-inspired), artefact-shaped, and functional robots [31] (see Fig. 2.3). Additionally,
robot embodiment can be placed onto a scale from abstract and metaphoric, to realistic
and literal [81], i.e., having a mechanical and plastic or metal appearance, or a more
organic appearance accomplished with arti cial skin or fur.

Robot form has been shown to impact users' perceptions of those robots. Haring
et al. [128] describe the Form Function Attribution Bias (FFAB) in relation to HRI.
The FFAB describes how users' interpretation of a robot's functionality is in uenced
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Figure 2.2: Social robot design framework and process, fro@8] with permission and a
CC BY-SA 4.0 license (https://creativecommons.org/licenses/by-sa/4.0/).

and biased by the robot's appearancel2d. It outlines \the implications the design

of a robot has on the human predisposition to interact socially with robots"12§. In
particular, anthropomorphisniji.e., the human tendency to \see human-like shapes in the
environment” and attribute human-like qualities to those shapes3pb3|contributes to
FFAB. The inclusion of anthropomorphic design features generally has a positive e ect on
user outcomes, however, such outcomes are moderated by several factors, including eld
of application [268].

The impact of robot form on users' perceptions of them has primarily been examined in
static image -based studies. Schaefer et §77]examined 48 robot images and found that
robot form impacted perceived trustworthiness. In another image-based study, Perugia
et al. [245] found that images of feminine robotic forms were perceived as less agentic
than masculine robotic forms. In a later work, they asked participants to rate images
of 251 robots, and found that speci c robotic appearance features were associated with
perceived robot gender and age (e.g., torso, eyelashes, he@df[ That study also found
that male participants were more likely to rate robots in general as lower in age and
higher in femininity [244. In a video and image -based study, Li et al[190]found that
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Figure 2.3: Characterising the appearance of robots. From Baraka et §B1] with
permission. Reproduced with permission from Springer Nature.

robot-likeness of form (comparing robot, android and human -likenesses) and motion
in uenced how participants paid social attention.

Only very few works have examined the impact of robotic form in a real-life interaction.
An example is a work investigating the persistence of rst impressions of human-likeness
of robots with di erent appearances across multiple sessions, nding that rst impressions
persisted across sessiorna3g. This thesis examines the impact of robot form on users'
perceptions of the robot (in Chapter 4), presenting one of the rst studies comparing
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di erent robotic forms performing the same task.

2.2.6.2 Behaviour

Robot behaviour can be described through several factors. An inexhaustive list de ned
by Axelsson et al.[22] includes the robot's role, its behaviour's motivation, the robot's
personality, the mode of operation of the robot, the robot's social skills and social
behaviours, its contextual adaptation and context-based behaviour, and personalisation.
Other behavioural factors include a robot's empathic behaviourd 89, spatial [214 and
other movement factors, expressive behaviour through light29Q, and social eye gazes].
For each of these factors, there exist several de nitions. For instance, Baraka et f1]
characterise a robot's role through its relation towards humans, e.g., describing companion
robots as \with" the human, and service robots as \for" the human. In contrast, Huijnen
et al. [141]de ne robot roles speci cally for autism therapy as \provoker", \reinforcer",
\trainer”, \mediator", \prompter”, \diagnoser", and \buddy". HRI literature indicates the

wide breadth and depth of the design and study of robot behaviour.

A robot's behaviour can shape users' perceptions of it, as well as broader social behaviour
of the users. Several studies have been conducted to understand how various changes in a
robot's behaviour in uence outcomes for users. In a well-being robot study, Jeong et al.
[147]found that when comparing a \coach-like" and \companion-like" role for a domestic
well-being robot, participants formed a better alliance and achieved better intervention
outcomes with the \companion-like" robot. In a study exploring the personalisation of a
classroom instruction robot's behaviour, Leyzberg et a[188]found that personalisation
resulted in signi cant performance improvement in a puzzle task. As an example of how
robot behaviour can have broader implications for users' social behaviour, Gvirsman and
Gordon [123] explored a game-playing robot in a triadic interaction with parents and
toddlers. They found that when the robot exhibited more unstructured behaviour (in
comparison to structured behaviour), the parents and children collaborated more, and the
children exhibited more independence [123].

HRI literature on social robot behaviour is rich and varied. The factors involved in the
design of robot behaviour relevant to this thesis are discussed in Chapter 3. Following the
design of the robot prototype, users' perceptions of the prototype robot's behaviour are
discussed in Chapters 4 and 5.

Robot personality

Robot personality is a design dimension related to robot behaviougd], and it is of
particular interest to this thesis. In Section 2.1 of this chapter, we discuss how a human
coach's behaviour and personality can impact the success of a coaching interaction. Due
to the importance of coach personality to a successful coaching interaction, it is important
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to consider the perceived personality of a robotic coach. As such, we review past research
on robot personality here.

People can perceive robot personality based on a robot's verbal and non-verbal be-
haviours [L81, 320. Robot and virtual agent personality has been previously designed
by varying behavioural factors such as the spee@34 and frequency of gestures8p, 39|,
as well as word choice2p1, 334. However, users' perception of personality can also be
in uenced by other design dimensions, including a robot's forn4g]. Robot personality
has been shown to in uence interaction outcomes. For example, matching extraverted
people with extraverted robots (and vice versa) can improve motivatiorii]l], and can
in uence preference 307 and social attraction [L81]. Conscientious robots can weaken
uncanny feelings [239].

Despite these encouraging works, there is a lack of a systematic understanding of robot
personality in HRI [262, speci cally in the context of HRI for well-being and healthcare
[92]. Most commonly, robot personality is examined through the OCEAN modeRP7, 115,
also known as the Big Five Personality Trait model (see Section 4.5.1.5 for further details)
[262 92]. Robot personality for a robotic well-being coach has not yet been explored, and
as such is examined in Chapter 4.

2.2.6.3 Interaction

A robot's interaction design is intertwined with other design dimensions, particularly
form and behaviour, as these modulate the types of interactions that can be designed
and deployed with a particular robot. Factors speci c to interaction are, for instance,
interaction input and output modalities (e.g., voice and facial expressions), as well as the
interaction ow, i.e., what happens before the interaction, how the interaction with the
robot starts, develops, ends, and what happens after the interactio@g). The design of
interactions with social robots is often in uenced by or based on interactions that people
have with other people. As an example, Robinson et gR64]translated mindfulness-based
treatment from human-delivery to robot-delivery, and Rasouli et al[256] adapted stress
management techniques typically used by well-being practitioners to a robot in order to
help users with public speaking anxiety.

Interaction modalities can shape how a given interaction is perceived. For instance,
Tsiourti et al. [316]examined the impact of interaction modalities on the communication of
emotional information by a robot and found that modality impacted the success of emotion
information communication. Facial expressions e ectively communicated emotion, while
head and locomotion movements conveyed some emotional informati@ig. Axelsson
et al. [19] examined the in uence of a robotic sign language tutor's interaction modalities
(comparing signs, signs with lights, and signs with images) with autistic children. The
study found no statistical di erence between the conditions, but found that qualitatively
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both the autistic children and their companions preferred the images [19].

Recent work has moved towards the examination of multi-modal interaction with social
robots. Tatarian et al. [308]examined multi-modal interaction with a Peppe? social robot
(gaze mechanisms, gestures, social dialogue, and social navigation), nding various insights
about the in uence of modalities on user behaviours. For instance, social navigation had
an impact on the distances maintained by users throughout the interactior30g. Wang
et al. [327] examined a multi-modal interaction with a robot for older adults, nding
that participants had no signi cant preference for either a speech or tablet interaction
modality to use the robot's food delivery service, and used both. This thesis explores
multi-modal interactions with social robots, utilising robot output modalities such as
speech and gestures.

Interaction ow has recently been explored in HRI. Historically, how a user enters
and exits an interaction scenario has not been thoroughly examined in HRI. This is
due to the prevalence of one-o and in-the-lab studies, which do not typically allow for
such investigations. However, limited studies have examined these User Experience (UX)
aspects. Avelino et al.[17] de ned a taxonomy of rst encounters with social robots,
highlighting socially aware engagement. Recently, Bprling and Riefd1] analysed \design
for exit" in HRI, de ning factors in uencing exit from the interaction, as well as types
of exit. Research in HRI has not yet explored how di erent rst encounters or exits
from interactions with social robots in uence how users perceive or interact with robots.
While this thesis explores longitudinal interactions with robotic mental well-being coaches
(Chapters 4 and 5), the detailed analysis of rst contact and exit experiences are out of
scope.

2.2.6.4 Environment

The environment in which HRI is undertaken in uences how it is designed and perceived.
While some environmental factors may be pre-de ned by the scenario in which the robot is
used, some environmental factors are modi able and are thus part of the design spazg.|
Environmental factors can also be understood as themntext of the interaction, although
\context" has various working de nitions within HRI literature [ 347, 199 176 253 20].
Axelsson et al.[22] considered environmental factors such aghereand whenthe interaction
is taking place, as well as primary, secondary and simultaneous users. Quintas ef2h3]
considered a broader ecological model, including macrosystem factors such as attitudes and
ideologies of the culture that the interaction is taking place within, as well as ecosystem
factors such as industry and local politics.

As an example of designing environment for HRI, Sugano and Shif&06]introduced
the project WABOT-HOUSE, which envisioned designing a house's architecture to ac-

3https://www.aldebaran.com/en/pepper
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commodate for both humans and robots. Similarly, Axelsson et gR4] noted that people
using a mindfulness robot wanted to modify the robot's environment to make it more
\meditative", e.g., with \soothing background noise", indicating the importance of designing
HRI environment to match the application. Other research has examined modifying and
designing broader contextual factors of HRI. Leite et al186]compared a story-telling
robot across two social contexts with children. They found that in a single-child setting,
children recalled the robot's stories better184, illustrating how designing the context
of an interaction (here, whether it should be designed for single or multiple users) can
in uence the overall success of the robot. No signi cant di erences were found in the
children's emotional interpretations of the robot's narratives between single-child and
group conditions [L8g. Pereira et al.[243] compared the perceptions of a robot's gaze
behaviour across child and adult users. The study found that the primary user had an
in uence on the outcomes of the interaction study, and that children had greater di culty
with the task, while adults perceived the robot as socially presen243. In an image-based
study, Castelo and Sarvary[55] examined cross-cultural di erences between experiences of
comfort with robots. The study found that increasing physical and mental human-likeness
decreased comfort among American participants, but not among Japanese participants
[55]. In another cross-cultural study, Japanese interaction participants rated a robot higher
on animacy, intelligence and safety than Australian participantsl27]. These studies may
have implications for how robots should be designed according to their social and cultural
environment and context.

These broad de nitions demonstrate that as with the design dimension of behaviour, the
environmental dimension of HRI includes multiple and interrelated factors within literature.
As this thesis is concerned with the workplace as a robot deployment environment, the
section below discusses previous studies of HRI in workplaces.

HRI in the workplace

Some studies exploring interactions with social robots in the workplace have been conducted.
For example, an early eld study by Lee et al[183]explored the use of a snack delivery
service robot over two months at a workplace, reporting that the robot triggered new
behaviours in employees: politeness, protection of the robot, mimicry, social comparison,
and even jealousy. A few studies have examined social robots speci cally for well-being in
the workplace. Reeder et al[257]examined an emotionally expressive workplace robot
designed to encourage employees to take breaks. They found that the design was perceived
positively, but that participants' behaviour regarding break-taking seemed to be a ected
by personal personality di erencesd57. Lopes et al.[194]examined a workplace robot

to encourage health behaviour change and healthier lifestyle adoption, nding that post-
intervention scores were better for the group using the robot, in comparison to a group led
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by a human agent. In a later work, the researchers found that the intervention provided by
the social robot was demonstrated to improve health measures in a longitudinal interaction
[195. Despite these recent advances, studies examining the potential of social robots to
promote well-being at the workplace remain scarce. As such, we examine robotic well-being
coach deployment in a workplace (Chapters 4 and 5).

2.3 Human-Centred Design (HCD)

Human-Centred Design (HCD), also referred to as User-Centred Design (UCD), is de ned
by Noyes and Babel[228]as \studying and comprehending human-technology interaction"
to \ensure that the system is designed to support the user, minimise error and promote
productivity and performance gains". The practice of HCD \places the human in the
centre of the design process'2Rg, and aims to ensure that \people's needs are met",
that the \the resulting product is understandable and usable”, that it \accomplishes the
desired tasks", and that the \experience of use is positive and enjoyable22g. In Human-
Computer Interaction (HCI), special emphasis is placed on the technological interface used
by the users, however, other factors such as the environment (e.g., workplace) in which
the system is used, are also examine#2g. HCD teams are often multidisciplinary, in
order to share knowledge across disciplines to improve the designed product [78].

In HCI, the HCD process involves getting initial feedback and inspiration from users
(via methods such as interviews or focus groups with users and relevant stakeholders), in
order to involve users early in the design procesad. It also includes prototyping interfaces
early to evaluate them with users and stakeholders (via methods such as user studies),
to gain their perspectives and feedback’§]. These methods are part of a four-step HCD
process for the design of interactive systems, which has been formalised as an International
Organisation for Standardisation (ISO) standard100. As de ned by the ISO standard, the
four steps consist of: 1) understanding the context of use, 2) identifying user requirements,
3) producing design solutions to meet those requirements, and 4) evaluating the designs
against the requirements10J. The HCD process also includes an iterative aspe@?4,
moving from the evaluation of designs against requirements (step 4) back to earlier steps
as needed, to re ne the prototype or product according to ndings. These HCI-based steps
are applicable to the HCD of HRI, as HRI consists of the design of interactive systems,
comparable to the design of HCI. As such, this thesis applies an HCD approach as a
framework for the research process. We modify the steps de ned by the ISO to focus on
identifying guidelines (step 2) and designing according to guidelines (step 3). This is done
due to the research focus being on a novel and early-stage technology prototype, for the
design of which guidelines|rather than strict requirements|are more useful and feasible.

This section reviews the relevant literature of HCD in the HRI eld. First, we discuss
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HCD research in HRI, focusing on the ethics of HCD in HRI, as well as the HCD of
HRI for well-being. Then, we examine HCD methods in HRI, including qualitative and
guantitative methods.

2.3.1 Human-Centred Design research in HRI

Human-centred HRI aims to incorporate users' perspectives and needs into the design of
robotic applications [L65. In HRI, focused attention to the design of robots that interact
with humans is being paid only recently. As pointed out by Lupetti et al.[199] the
rst design track was introduced in the Human-Robot Interaction (HRI) (ACM/IEEE)
conference in 20156f3], and the Robot and Human Interactive Communication (Ro-Man)
(IEEE) conference in 201664]. Even more recently, researchers have called for more
user-involved research in HRI10], and design approaches in HRI have rapidly become
more human-centred: in 2021, Lupetti et al[199]identi ed an increasing trend in HRI
toward HCD, and including users in the design process through participatory methods. In
the following sections, we review works related to the ethics and well-being applications of
HCD for HRI.

2.3.1.1 Ethics in the Human-Centred Design of HRI

Recent works have highlighted the need for considering ethics within the HCD process in
HRI. For instance, researchers have developed tools to anticipate ethical issues related
to robots with their users and stakeholders2], and frameworks to examine equity and
justice perspectives in HRI 235. Axelsson et al.[22] embedded the consideration of
ethical issues within part 1 (understanding user context) of the HCD process, proposing
six ethical concerns: physical safety, data security, transparency, equality across users,
emotional consideration, and behaviour enforcement. Ostrowski et §235] examined
ethics across the HCD process, outlining 13 questions: 1) equity, 2) bene ciaries, 3) values,
4) scope, 5) sites, 6) ownership, accountability and political economy, 7) discourse, 8)
entry and exit, 9) autonomy, 10) transparency, 11) deception, 12) futures and 13) policies.
The importance of ethical perspectives in the design of robotic well-being applications
is becoming recognised, with the \number of design studies [within the eld of a ective
robots for well-being] that discuss ethical implications generally increasing, climbing from
29% in 2017 to 83% in 2022" [298].

HRI designers recognise that the optimal User Experience (UX, i.e., the overall experi-
ence of using the robot, especially as to how uid or pleasing it is to use) may not always
align with ethical considerations. Fronemann et al[103]examined the tensions between
UX and ethical considerations such as privacy and user autonomy within elder care HRI
scenarios. They proposed balancing UX principles with ethical considerations, e.g., by
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having the user give explicit feedback to the robot with regard to their privacy preferences,
even if it negatively impacts smooth UX 103. Pollmann et al. [249]examined the balance
between UX and ethical design in a personalised HRI scenario with a quizmaster robot.
They highlighted the di culty of designing personalised robot interactions that appeal to
each individual user, while preserving ethical entertainment over manipulation [249].

In summary, recent works have made considerable strides in examining the incorporation
of ethics throughout the phases of the HCD for HRI process, as well as balancing UX
with ethical considerations. However, guidelines for how these should be realised remain
dependent on the HRI context. To consider both these aspects, both design and ethical
guidelines for robotic well-being coaches are identi ed in Chapter 3, and further re ected
upon in Chapter 6.

2.3.1.2 Human-Centred Design of HRI for well-being

HCD has been previously utilised to design applications aimed to promote mental well-
being in HRI. Lee et al.[179]employed HCD to design robots for various social contexts
together with older adults with depression, taking into account the participants' concerns in

a socially responsible way. Winkle et al[341]Jused HCD to design robots for rehabilitative
therapy together with therapists in focus groups, and presented design implications for
robots and best practices based on therapists' knowledge. Axelsson et[a@] used HCD

to design a robot to teach sign language to austistic children. The authors presented
design guidelines for robots for autistic children19]. Moharana et al. [214] employed
HCD to design robots for dementia caregiving together with dementia caregiver support
groups. The authors introduced design guidelines for such robots, and elucidated how robot
attributes should change according to the stage of dementia of the caregive&4. However,
none of these past works have applied a HCD process for robotic mental well-being coach
research. As such, this thesis examines the design and workplace deployment of a robotic
well-being coach through the HCD process.

2.3.2 HCD methods in HRI

Within a HCD process, several design dimensions and factors of HRI are considered (see
Section 2.2), e.g., the robot's social role, embodiment, socially communicative behaviours,
level of autonomy, and social intelligenceBl]. Researchers and designers of social robots
often engage in an iterative HCD procesd (), to evaluate the impact of each of these
interconnected dimensions, moving from enquiry of the context of use towards prototypes,
and eventually test deployments and user studies. In HRI, HCD has recently been applied
broadly across di erent applications, e.g. for stimulating creativity in children 7], designing
domestic robots for families $0], assisting stroke survivors110d, and for older adults with
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depression [179].

Exact methods to apply HCD vary across studies. However, most broadly follow
the four-step HCD process. The rst step (understanding user context) often involves
conducting interviews and gathering surveysl[r9 29|. Additionally, surveys are often
conducted after group discussions or group activities, in order to gather information from
participants on how their perceptions have changed after group discussions, or if they
had something else to say but did not get the chance t842 22]. In the second step
(identifying guidelines), designers often create design requirements or guidelines for the
particular domain or use case of the robot or interaction scenario. Examples of works
identifying such guidelines are, for instance, a study designing robots for children with
autism [19], a peripheral robotic conversation companionl§, child-robot design [], and
robots for older adults with dementia [214].

In the third step (producing design solutions according to the guidelines), designers
often iteratively develop a robot's interactions and behaviour on an existing platform (or
develop a robotic form if that is the main topic of examinationT]). They may use rapid
prototyping methods (e.g., bodystorming2384) to test initial versions of robotic behaviours.

In this step, designers often consult domain experts or prospective users to gain feedback
on the prototype, and re ne it accordingly. In the fourth step (evaluating the designed
product with users), robot designers usually conduct in-the-lab studies, or in less common
cases deploy robotic products. They may employ evaluative methods (e.g., gathering
guantitative and qualitative feedback) via user studies. Recently, such evaluations have
incorporated mixed methods 1], where both qualitative and quantitative data is gathered

to make sense of the quality of the interaction and participants' perceptions. Recent
emphasis on real-world HRI (see Section 2.2) has also introduced contextual inquiry with
robots deployed in the real world, and more exible study designs [267].

In this thesis, we utilise some of the aforementioned methods in each step of the HCD
process. In Chapter 3, where user needs and design guidelines are identi ed, we utilise
group discussions, interviews, and a prototype evaluation in the laboratory. In Chapter
4, we conduct a user study examining a robotic coach deployment in a workplace, which
involved user interviews and surveys. In Chapter 5, we utilised an iterative and exible
study design, which involved discussions with a well-being coach, a user study with a
robotic coach deployment at a workplace, and a design workshop with robot users.

2.3.2.1 Qualitative methods

Common methods for gathering qualitative data are semi-structured interviews and focus
groups [L37. These data-gathering methods may incorporate several activities within HRI.
One of the most common activities is brainstorming, in which users and stakeholders (either
independently or in groups) create ideas for HRI in the speci ¢ application area relevant
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to them [214 29, 31]]. These sessions can include presenting examples of commercially
available robots and their capabilities 22, 179 342, analysing pain points in the specic
application domain 811, and identifying requirements for a robot in the application
domain [179. Other HCD methods used are sketching or drawing potential robot solutions
[20, 179 214 3117], brainstorming interactions and applications for pre-existing robots
[29, 141], creating guidelines for robots in speci ¢ domainslp, 7, 136 214, physical
prototyping [179 214, bodystorming (i.e., acting out potential interactions) R9], using
templates to create interactions 22, 141], observing, shadowing and ethnographic research
[142 311], storyboarding (i.e., drawing the interaction scenario)Z9, 214 311], using
interaction scenario cards [214], and sorting tasks, priorities, and needs [142, 311, 342].

The data generated through qualitative data-gathering can be analysed with multiple
methods. Qualitative analysis methods can be broadly categorised into inductive and
deductive methods T1]. Inductive analysis consists of analysing the data without pre-
conceived categories or theories. Thematic Analysis (TA%§] is an example of this. It
emphasises the development of themes throughout the process of analysis of the data,
shaped by the data. This method is applied in Chapter 3, where three design studies are
conducted to explore the design of a robotic well-being coach. In comparison, deductive
analysis uses a priori theory to analyse the data. An example of this is the Framework
Method [261], which utilises a pre-developed framework to analyse the qualitative data.
Such a framework can be based on, for instance, pre-de ned research questions. This
method is applied in Chapter 4, where pre-de ned research questions drive the qualitative
analysis.

2.3.2.2 Quantitative methods

Quantitative measures in HRI include self-report surveys. These may be, for instance, ques-
tionnaires speci c to the perception of a robot such as the Robotic Social Attributes Scale
(ROSAS, Appendix B.4) b3] or the Godspeed331 questionnaire. Other questionnaires
may investigate experiences of the user with the robot, such as the PANAS questionnaire
on positive and negative a ect B29 (Appendix C.5). Other quantitative measures include
interaction measures (e.g., the number of times a speci ¢ interaction was completed), as
well as behavioural measures (e.g., facial expressions). Such measures may be collected
before, during, and after the interaction. In the case of a longitudinal interaction with a
robot, such measures may be collected at each interaction instance, and analysed across
time (see Sec. 2.2.4).

Quantitative data is typically analysed via statistical methods. Such methods include
both descriptive and inferential statistics 135. Small sample sizes in HRI studies are still
common due to technical and practical limitations, and researchers sometimes choose to
conduct descriptive or exploratory researct3p]. Descriptive statistics aim to communicate
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the tendencies of the observed datale.g., median and standard deviation of the data|to
support ndings. Often, descriptive statistics are combined with qualitative data to form

a more coherent understanding of phenomena via a mixed-methods analygH [as is
done in Chapter 5). In comparison, inferential statistics are applied in HRI to make
claims about hypotheses (as is done in Chapter 4) and make inferences about a broader
population of which the study participants are a representative sample.

2.4 Chapter summary

In this chapter, we rst introduced literature related to well-being and Well-Being Coaching
(WBC). We examined the concept of psychological well-being, focusing on the hedonic,
eudaimonic, and medical models of well-being. We then reviewed relevant WBC practices,
consisting of Solution-Focused Practice (SFP), Life Coaching (LC), Cognitive Behavioural
Coaching (CBC), mindfulness and meditation, and Positive Psychology (PP). We then
reviewed the importance of the WBC interaction and alliance, and examined recent
developments related to well-being in the workplace.

Then, we reviewed the eld of Human-Robot Interaction (HRI). We examined the
concept of Socially Assistive Robotics (SAR), and reviewed state-of-the-art literature on
Al-based virtual mental health and robotic mental well-being coaches. Then, we examined
longitudinal HRI and LLMs in HRI. We then characterised the design space of HRI via
robot form, behaviour, interaction, and environment.

Finally, we examined Human-Centred Design (HCD). We examined HCD research in
HRI, including ethics and well-being research. We then reviewed HCD methods in HRI,
detailing quantitative and qualitative methods.

This chapter contextualised the research presented in this thesis within relevant litera-
ture, and identi ed research gaps relevant to this thesis. In the following chapters, the
research conducted within the scope of this thesis is presented.
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Chapter 3

Understanding user needs and
specifying design guidelines

3.1 Introduction

This chapter examines steps 1 (understanding the context of use) and 2 (specifying design
guidelines) of the Human-Centred Design (HCD) process, for the design of robotic mental
well-being coaches. Understanding the needs of prospective users could enable long-term
adherence to the well-being interventions delivered by robot841]. Section 1.1 discussed
how the successful acceptance of well-being robots by users and stakeholders is shaped by
taking their preferences into account (e.g.1[7g). While past works (e.g., 146 43)) have
examined robots for well-being, none of them have applied the HCD process to robotic
well-being coaches. As such, we present such a process here.

Figure 3.1: Steps 1 and 2 of the HCD process.

To examine HCD step 1 (understanding the context of use), we conducted three HCD
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studies. The studies were conducted iteratively, i.e., the ndings of each design study fed
into the next study (see Fig. 3.1). These studies aim to address RQ1: \What are the
needs and preferences of prospective users, and preferences of professional coaches, for a
robotic coach for well-being?" The conducted studies were as follows:

1. An initial design scoping with users and well-being coaches. It consisted of interviews
with prospective users of a robotic coach and professional well-being coaches, as well
as workshops with prospective users (Sec. 3.3.1).

2. A pilot study of a Positive Psychology (PP) robotic coach with university students
in a controlled laboratory environment (Sec. 3.3.2). This robotic coach was designed
based on the ndings from the rst study. Participants were interviewed to better
understand their perceptions of the implemented robotic coach.

3. A design workshop re ecting on the ndings of the pilot study, and further re ecting
on ethics (Sec. 3.3.3). This explicit re ection on ethics was incorporated into study
3, as participants from study 1 and study 2 considered ethics to be particularly
important when designing a robotic well-being coach. The workshop included users
from study 2, and two professional well-being coaches.

To investigate HCD step 2 (specifying design guidelines), we conducted an analysis on
the ndings of each of the three studies (Sec. 3.4), nding convergences and divergences
across the studies. This analysis was used to shape guidelines (Sec. 3.5) for the design and
ethics of robotic well-being coaches. The outcomes of HCD step 2 address RQ2: \What are
design guidelines for robotic mental well-being coaches, based on the needs and preferences
identi ed in the previous step?"”

3.2 Data analysis methodology

This section introduces the concepts of Thematic Analysis (TA), which we used to collate
and analyse the data from the three design studies (described in Sections 3.3.1, 3.3.2 and
3.3.3), as well as a qualitative analysis approach inspired by Qualitative Meta-Analysis,
which we employed to distil a cohesive whole out of these three studies, and which we
based our design guidelines on.

3.2.1 Thematic Analysis (TA)

Our three design studies used Thematic Analysis (TA) as a method to analyse qualitative
data collected from interviews and workshops. This method has been previously used to
examine robotic well-being applications342, 214 12]. For example, Moharana et al[214]
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used grounded theory to organise data collected from interactions with family caregivers
into 16 major themes encountered in dementia care. The researchers used the themes to
create scenarios of dementia care, which were then used for robot design. Arboleda et al.
[12] conducted a study examining a robot prototype that assisted people with mobility
impairments in a collaborative task in the workplace. The researchers analysed data
collected from their participatory design process with users and stakeholders using TA.

For the analysis of each of the three design studies presented here, we employ the six-
step method exempli ed by Braun and Clarkd46] The six steps consist of: 1) familiarising
ourselves with the data (i.e., transcribing the data, reading them, and noting some initial
ideas), 2) creating initial codes (i.e., identifying the codes within the dataset and collating
data to the corresponding code), 3) searching for themes (i.e., collating codes into themes
collecting all data under the relevant theme), 4) reviewing the themes (i.e., reviewing
whether the themes identi ed work in relation with the codes), 5) de ning and naming the
themes (i.e., generating speci c de nitions and names for each theme, consistently with
the story of the whole dataset), and 6) creating a report (e.g., extrapolating examples for
each theme).

3.2.2 Qualitative analysis

We applied a qualitative analysis approach inspired by Qualitative Meta-Analysis to
analyse the results of these three design studies. We used this approach to synthesise a
summary, to examine themes in common, and to identify themes that di er and why these
di erences may arise 312 313. We conducted this multi-study analysis to provide a \more
comprehensive description"317 of how robotic well-being coaches should be designed,
taking into account users' and professional coaches' perspectives. In our analysis, we took
into account the di erent context of each study, i.e., that they were conducted at di erent
stages of the iterative design process. This focus on the analysis of consecutive and iterative
design phases makes our analysis distinct from traditional Qualitative Meta-Analysis.

To conduct this qualitative analysis, we examined the results of the TA conducted for
all three studies' data, how themes were repeated in the studies' results (convergence), and
how the results of the studies di ered from each other (divergence). We analysed how these
convergences and divergences may have emerged, examining di erences in opinion and
di erences in the study structures. We did this to both highlight the ndings of the di erent
studies, as well as how these ndings were in uenced by the di erent context in di erent
phases of the iterative design process. Based on this qualitative analysis, we propose
design and ethical guidelines for the creation of future robotic well-being coaches. We
argue that our three studies and the resulting qualitative analysis are su cient to propose
such guidelines, as we obserdata saturation i.e. the point where no new information is
observed within the data L224. Our three studies address the design problem of robotic
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Figure 3.2: An illustration of part of the consent form for Study 1.

mental well-being coaches from di erent perspectives, and we see similar themes repeated
throughout all studies.

3.3 Three human-centred studies

In order to design a robotic coach for mental well-being, we followed a three-step design
process consisting of three human-centred design studies. For all three studies, the study
design, protocol, and consent forms (see Appendices A.1, A.5, A.7) were approved by the
Computer Science and Technology Departmental Ethics Committee of the University of
Cambridge. An illustration of part of the consent form for study 1 can be seen in Figure
3.2.

We recruited both prospective robot users and professional well-being coaches for these
studies. The well-being coaches were recruited based on prior contacts, and prospective
users were recruited from the student and postdoctoral population of Cambridge, i.e.,
recruitment was done through convenience sampling. We consider this sample su ciently
representative to begin answering the overall research question regarding the role of robots
in supporting well-being at the workplace, due to this stage of the research focusing on
the feasibility of such a robotic coach. This phase of the research does not focus on
workplaces speci cally, but rather leaves the environment and context of interaction open
to interpretation and speculation by the participants, in order to scope feasible contexts
and environments as part of the investigation.

First, we conducted an exploratory human-centred design study (described in Section
3.3.1). We invited both well-being coaches, as well as and University students and
postdoctoral researchers, who were prospective users of a robotic coach. This study
consisted of interviews with prospective users and professional well-being coaches, as well
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as workshops with prospective users. Our results suggested that the robot's ability to
adapt and recognise users' emotions were crucial for the success of the practice delivered
by a robotic coach.

This motivated our second human-centred study (described in Section 3.3.2), in which
participants (again, students and postdoctoral researches of the University) interacted with
a robotic coach prototype, featuring adaptive capacities to deliver Positive Psychology (PP)
exercises. We were motivated to explore PP in particular due to an active collaboration
with a coach who participated in Study 1, who had expertise in PP. After the users'
interaction with the robot, we interviewed each of them about their perceptions of the
robot, as well as suggestions for improvement.

We then concluded our design studies by conducting another human-centred design
study which included three participants from Study 2 (who had all interacted with the
robotic coach prototype from Study 2), as well as two well-being coaches (Section 3.3.3).
In this study, we discussed the design of robotic well-being coaches based on what was
learned from Study 2, as well as ethical considerations.

3.3.1 Study 1

The rst study aimed to collect and examine the expectations of prospective well-being
robotic coach users and well-being coaches, and to conduct an initial scoping of the design
of a robotic well-being coach.

3.3.1.1 Participants

We involved 11 participants. 8 of them were prospective users, interested in well-being
practices with a robotic coach (as reported by themselves when asked by the researchers),
and 3 of them (2 females and 1 male) were well-being coaching professionals, specialised in
Brief Solution-Focused Practice (BSFP) and Positive Psychology (PP) (C1), mindfulness
and meditation (C2), and Life Coaching (LC) (C3), respectively. These well-being coaching
practices are discussed in Section 2.1.2. We chose to include both users and well-being
coaches in this study in order to triangulate our ndings. Triangulation refers to the use

of multiple methods or data sources in qualitative research to develop a comprehensive
understanding of phenomena241]. We conducted group discussions with the 8 prospective
users, and semi-structured interviews with all participants, including the 3 well-being
coaches.

The recruited prospective users had taken part in either SFP sessions with a human
coach (6 participants, the details of study and practice are out of scope for this thesis but
are reported in R(]), or mindfulness sessions with a human coach (2 participants, the details
of study and practice are out of scope for this thesis but are reported iA3]). We recruited
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these participants due to their experience with well-being practices instructed by a human
coach, and their interest in doing practices with a robotic coach, which was valuable to
our guideline speci cation (HCD step 2) process. In the SFP and mindfulness studies,
participants interacted with a coach conducting SFP sessions (4 sessions, individually) or
mindfulness sessions (5 sessions, in a group). In both studies, recruited participants were
students or postdoctoral researchers at the University of Cambridge.

3.3.1.2 Study setting

Due to COVID-19 restrictions, we conducted both the group discussion with the prospective
users and the semi-structured interviews online (via MS Teams). To facilitate the group
discussions in the human-centred session online, we asked participants to use the online
tool Miro board? (an example of working with Miro can be seen in Figures 3.3 and 3.4).

Items Duration
Pre-discussion survey (in writing) 5 min
Introduction 3 min
Warm-up discussion about well-being practices 10 min
Introduction to social robots and demo videos 7 min
Ideating robotic well-being coach 15 min
Discussion on robotic well-being coach features and capabilities 20 min
Conclusion 2 min
Post-discussion survey (in writing) 5 min

Table 3.1: Structure of the group discussions. Individual 30{45-minute interviews were
conducted beforehand. Originally presented in [20].

3.3.1.3 Protocol

Interviews {We rst conducted 8 one-to-one semi-structured interviews with the prospec-
tive users for 30{45 minutes, to ask them about their experiences with well-being practices,
well-being practices involving technology, and potential improvements and challenges they
had encountered (see Appendix A.2 for an example interview structure). Additionally,
we interviewed the 3 well-being coaches about their experiences with di erent coaching
practices, how they had previously used technology, and how they could see a robot
conducting coaching (see Appendix A.3 for an example interview structure).

Group discussions { After the interviews, we organised group discussions with the
same 8 prospective users we had interviewed. The discussion topics were informed by
the interviews conducted with the prospective users and coaches. We divided the group

https://miro.com
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discussion participants into two groups (4 participants each), and each group discussion
followed the same structure (see Table 3.1). Each group discussed their previous experiences
with well-being practices, how they could see a robot coaching well-being practices, and
what capabilities and features such a robotic coach should have. The full list of topics
discussed during the group discussion was as follows: 1) Well-being practices (e.g., Describe
with one word your experience participating in the SFP / Mindfulness study), 2) Aim

of the group discussion (e.g., Whether and how social robots can be used as coaches for
well-being), 3) Ideation on a robotic well-being coach (e.g., How do you think social robots
could provide or support well-being practices, or work as a well-being coach?), 4) What
should the robot be like? (e.g., What do you want the robot to do and say?).

Figure 3.3: Results of participant votes using the Miro board to indicate what would stop
them from using the robotic well-being coach. Originally published in [20].

Figure 3.4: Results of participants' rankings of robot embodiment for well-being coaching
(discussion group of four participants, each having their own colour). While Pepper
was preferred by this group, Miro and Jibo were also preferred by some, indicating that
preferences vary across individuals. Originally published ir2(]. Please note that the
gure depicts only the results of one focus group's votes, which is di erent from the full
score.
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Figure 3.5: Study 1: Themes de ned in the TA are presented in orange, while codes
related to these themes are presented in blue, and sub-codes are presented in yellow (best
viewed in colour), from [20].

3.3.1.4 Data analysis

A Thematic Analysis (TA) was conducted, following the procedure described in Section
3.2.1, based on data transcribed from interviews (both with prospective users and coaches)
and group discussions, as well as data collected from the Miro board.

3.3.1.5 Main ndings

The TA resulted in 9 major themes (as seen in Figure 3.5). We present a selection of the
main ndings, based on their relevance to the content of the thesis|i.e. the guideline
speci cation phase of the HCD process. Themes not discussed here (e.g., participants
attitudes toward a robotic coach) are included in publications related to the thesid§]. In

the following sections, we refer to the prospective users with the term \participants" while
we specify coaches explicitly.

The themes de ned as a result of the TA are presented in Figure 3.5. Themes and
related ndings are discussed in the following subsections, with quotes from the transcripts
summarised where appropriate. Participant quotes (with minimal editing for clarity) are
provided in Tables 3.2, 3.3, and Appendix A.1.

Well-being practices Both prospective users and coaches were asked to think about
what well-being practiceghey could see a robot leading, bringing umindfulness, medita-
tion, yoga and SFP. The participants detailed what kind of role the robot should take
during such practices (e.g. anstructor, a peer or friend for the practice, or asupplement
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for instructions from a human coacl). The participants thought that the robot should
have di ering roles depending on the practice the robot would be conducting, e.g., for
meditation the robot could act as a peer, and for SFP it could act as an instructor. The
discussed practices were drawn mainly from the participants' own previous experiences
with well-being practices, either from their own practice or from the studies they had
participated in. Comments made by the three professional coaches about how a robotic
coach might conduct well-being practices are presented in Table 3.2. The coaches suggested
that the robotic coach could conduct, e.g., speci c types of SFP techniques (The Miracle
Question) and styles of meditation (Mindfulness of Breathing and Loving Kindness).

Table 3.2: Study 1: Quotes from coache<(; (i = 1; 2; 3)) regarding suitable well-being
practices for a robotic well-being coach.

Well-being Practices Quotes from coaches

The Miracle Question

C1: \The miracle question. You go to sleep and a miracle happens in the night. [...] The
reason for the problem disappears, and it solved the problem [...] but you were asleep, and
you didn't know the miracle that happened. What would be the rst signs that something
had changed, [and you] amplify what [the participant] said. [...] They'll say, "This thing would
happen' and [you ask] "What else, what else? [...] So there are some questions that are very
standard."

C1: \[...] the words are very carefully chosen for a certain e ect, so that could be very easily
automated. It's already scripted basically [...]."

Mindfulness of Breathing

C2: \[...] it's four stages. [...] You start with counting your breaths, after you breathe out,
then breathe in. Then you stop, drop, [...] counting. You concentrate on the touch of the
breath. Feel it. It's easy to instruct.”

C1: \[...] Breathing exercises, not just mindfulness or safe place visualisation, would be a
Meditation / good skill for a robot to be able to teach. It would have good pacing and could talk through
Mindfulness the breathing script whilst also seeming to practise with you, without running out of breath,
which is hard as a human!"

Loving Kindness (Metta Bhavana)

C2: \It's a bit more complicated [than Mindfulness of Breathing] as you need to [...] give
[the participants] a bit more complex [information]. I'm sure you can do that because if a
recording can do that, a robot might do that as well."

Mindfulness Exercises

C3: \These exercises [are already] recorded, audio with some relaxation exercises or imagina-
tion exercises, [and] guiding people through those."

Other Exercises

C3: \[...] Many of these exercises, whether they are [...] drawing, writing, answering questions.
They're ready exercises so they can be recorded, or they can be documented. And then the
robot could easily show these in the written format or talk [to the participants].”

C3: \[...] The Pepper robot had the screen there, so if it [were a] touchpad type of screen, a
person could draw there, write there, [...] at least some words. There could be, in the same
area where they meet the robot, [...] paper where they could write."

Fear Hierarchy

C1: \CBT is quite like you're teaching certain skills, like graded exposure might be part of

Brief Solution-Focused
Practice

Life Coaching

CBT [...]."
C1: \[...] Developing a fear hierarchy and helping someone. And track their progress. But |
Cognitive Behavioural think you'd want it to be in tandem with a person."
Coaching / Therapy Behavioural Activation
(CBCICBT) C1: \This when in particular people are depressed. You can do behavioural activation, which

is a part of CBT, which is scheduling in activities that are meaningful for someone and
tracking how that makes them feel. | could see that kind of activity scheduling working in a
robotics context.”

C1: \But | think you would want it alongside a person who helped you generate ideas."

Robot capabilities A major focus during the group discussions and coach interviews
was robotic well-being coacltapabilities i.e., what capabilities participants thought that
the robot should display during its interactions with participants, in order for them to
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bene t from the interaction (see Table 3.3). Participants thought that a Robotic Coach
(RC) could engage participants in the practicdy providing a sense of presenger by doing
the practice together with themThey noted that the physical presence of the robot could
help them better focus on the practice (in comparison to e.g. a mobile app, which has
no presence). Participants also noted that they would like the robot texpress empathy
by reacting to how they feebnd to praise them in suitable situations. This would help
them feel that the robot was acknowledging their emotions. Participants also hoped that
the robot would display empathy by changing its expressions, however the SFP coach
remarked that it would be important to have the correct level of expressivity in order to
mitigate the uncanny valley[215] e ect that could arise due to incongruent responses.

Robot responsivenessn terms of interactive and adaptive responsewas also discussed.
Participants said they would like the robot to summarise their thoughtgto give a sense of
acknowledgementA participant noted that such a sense could also be achieved through
expressive behaviours and movemeinstead of tailoring verbal utterances.

Robot features  Robot featuresiji.e., attributes such as how the robot should look,
interact, behave, and how its environment should be shaped|were discussed at length.
Participants discussed the robot'dorm, i.e., its appearance and embodiment. Participants
were asked to consider 5 robots (Jibo, Pepper, Miro, Cozmo and Pleo), and rank them
as most appropriate to least appropriate as a RC (see Table A.1). Jibo received the
highest points, followed closely by Pepper and Miro. Participants had di ering opinions
on whether they would prefer a humanoid or an abstract robot, but the consensus was
that the robot's function should match its form. For example, participants noted that
they would not expect the robotic dog Miro to talk, and would expect quite sophisticated,
human-levelinteraction from a humanoid robot such as Pepper. Participants expressed
that a two-way communication with a humanoid robot should be designed carefully, so
that the robot is seen to understand and respond appropriately, and to avoid incongruous
responses.

Robot behaviourwas discussed from the perspective of being téarceful or patronising
vs. not direct enough Participants wanted the robot to be encouraging, but they noted
a balance is needed for this not to be patronising. Participants explained that they
wanted feedback on their practice as well as reminders, but these should be given on the
appropriate level, and not be too intrusive.Responsivenessvas also seen as important, as
discussed in length as part of the robot's capabilities.

Robot advantages and disadvantages Coaches and participants shared what they
perceived to be the potential advantages and disadvantages of a RC, especially in compari-
son with a human coach, or a hypothetical mobile application with a well-being coaching
function. While many participants noted that a robot could not replace a human as a
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Table 3.3: Study 1: Quotes from participants Ri; (i = 1;:::;8)) and coaches Ci; (i =

1; 2; 3)) regarding the robot capabilities. +=

ments, neutral statements do not contain signs.

Robot capabilities

Quotes from participants and coaches

Engaging in practice

P6+: \If the robot were to do it with you, like sit together [...] it might feel like you're doing

it with someone."

P8+: \If there was some sense of agency to it, like | needed to talk to it every day, or it would
be sad [...] that would motivate me to interact with [it] regularly [...] make me engage in
the practice more."

C3+: \[...] could give the person, the sense of someone is there for you, present.”

P7: \[...] to replace the human coach with the robot coach, | don't think that may be a
good idea as of now. But, probably o setting some of the activities to the robot who could
conduct it or just be engaging with people.”

Expressing empathy &
feelings

C3+: \If it was empathetic, it can give a sense of presence for people, to focus on themselves
and stop for a while."

C1l: \... like the Uncanny Valley, you don't want it to be too expressive. [...] | think
there could be like a "Goldilocks' [level of expression]. You might not want it to be super
unexpressive [...] | think if it's going to have a high rate of incongruent expressions, it would
be better for it not to be expressive, and if it generally got it right, then it probably is ideal if

it can be a bit expressive."

Feedback & evaluation
of practice

P3+: \If I'm taking a really deep breath and the robot is impressed by that. Give me kudos."
P3: \[Some practices] like meditation and mindfulness do not really require judgement."”
P4: \Positive a rmation and encouragement for what you're doing [can help]. [But], that
[might] come across a bit mechanical, if it was coming from a robot, but it's worth a try."
P2: \It's probably better if it also knows when to pick up something to improve. Then
positive responses seem more genuine."

Instructing &
demonstrating

P3: "Yoga with teaching poses, mindfulness with customised dynamics (as opposed to same
meditation every time), guided meditations."

P1: \Mindfulness, therapy, meditation, yoga, exercise, eating habits/disorders etc."

P5: \A well-being robot coach [...] would probably help combat loneliness and promote
general well-being at the same time."

Interactive & adaptive
responses

P7: \Maybe simply summarising, "Oh so you mean this, this and this', at the end of what |
just said, that could be really helpful. [But], once | see [the examples of previous research like
Paro], and | know for a fact that some of these have actually really worked, [...] | want to go
back and say maybe it could be designed di erently as well, and not [necessarily] be verbally
interactive."

P4: \It's interactive, and you get [a] kind of response. Like something, someone is there with
you [...]."

Pattern analysis &
progress tracking

P6: "[...] if it could tell me that, 'Oh one year ago when this happened you reacted in this
manner, but now you react in a much better or healthier way, so there's improvement'."

P6: \I think it would be very discouraging if you've been using the robot for like a year, and
then you told the robot something and then the robot says something like “you're overreacting'.
As in, | guess it's quite hurtful. We've been building up this relationship with it for a long
time, and if it's going to be so disappointing, you might just think, 'Oh, what's the point'."
P7: \Give me an analysis based on what it understands of me."

C1: \Tracking outcome measures."

Personalisation &
customisation

P1+: \Maybe [the robot can] adapt to the type of person you are [and] to your responses."
P3+: \[The robot can say] something that is based on my feelings, based on the weather, that
day. Or [if] there's a pandemic going on, probably mention the pandemic and the feelings
around it. De nitely, that will help.”

P6: \If we could [...] change something physical about it, it could make it seem like it's yours,
like your instructor, your robot.

P3: \I think | would appreciate it if something is customised for me personally, while it's not
intruding my privacy."

C3: \The robot could give, for example, two to four choices like "Hey, | hear you have this
challenge. Pick exercises that t for yourself the best." There could be a drawing exercise,
imagination exercise, [etc.]."

Reminders &
noti cations

P8+: \Part of the support | needed to work on myself was working through the practice
throughout the week. If | had some kind of at-home reminder at the right time, to prompt
me to re ect brie y, that could be really e ective."

P2+: \One advantage is the availability of it, it is sort of there all the time [...]."

P3: \Other than the noti cations and making the meditation a bit personal, | don't see other
advantages [of using the robot]."
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primary method of delivery for well-being practices, a RC was seen to have the advantage
of accessibilityin comparison to a human coach (both in terms of timing and a ordability).

A robot's physical presencewvas seen as a major advantage over well-being practices
administered via mobile app or other digital means. Howevetechnological problemsuch

as poor internet connection or lack of software updates were seen to impede the potential
advantage of accessibility.

Participants noted that the lack of humannesf a RC could be a major disadvantage.
For instance, unwanted robot behavioyrsuch as incongruent responses when misunder-
standing the user could lead to participants feeling less connected or the session getting
sidetracked. However, a RC could provideeliability, consistency, and uniformity that a
human coach could not. The SFP/PP coach noted that a robot would not get tired and
could thus accommodate more participants, and would be mopensistentand maintain
uniform interactions due to not being a ected by a daily routine, personal life, or a coach's
personal factors such as nervousness or maintaining su cient emotional distance.

Analysing feedback datavas seen as a potential advantage by the mindfulness coach.
Participants also noted that a robot could record the practice, and adapt the practice
according to data gathered. However, a disadvantage related to this wewasive data
collection, where the SFP/PP coach speci cally mentioned that too much data such
as biological signals could a ect outcomes by making participants even more anxious.
Participants were also concerned abouirivacy issues although the SFP/PP and life coach
noted that a robot may actually provide more privacy, if data is appropriately protected,
since there is no room for human error.

Neutrality and anonymity was the nal advantage of a potential RC perceived by the
coaches. The SFP/PP coach noted that a robot could be neutral in gender, and less
intimidating than a human coach if it were smaller in size. The robot could also bess
judgemental as noted by the SFP/PP coach and meditation coach. The life coach also
noted that a robot could be more neutral due to no bias due to its lack of life history.

3.3.2 Study 2

Our ndings in Study 1 showed that the adaptability and emotional responses are important
aspects for a robotic coach to deliver mental well-being practices. In this design study,
we aimed to examine a robot prototype implementing that feature, in a laboratory-based,
one-session user study. With the help of one of the mental well-being coaches who
participated in Study 1 (the SFP/PP coach), and motivated by those results, we designed
the behaviour and interactions of a Robotic Coach (RC) to perform a brief, one-o Positive
Psychology (PP) session with healthy adults as a proof-of-concept. We focused on PP,
given the expertise of the professional coach who collaborated with us to design this
study. We aimed to examine theobot capability (see Section 3.3.1.5) aksponsiveness
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and adaptation speci cally displaying empathyvia the robot's emotional expressionsin
response to participants sharing their experiences. This study was originally presented
in [62 27], where we applied Continual Personalisation to accomplish the adaptation
capability.

3.3.2.1 Robot and a ective adaptation design

We focused on exploring ective adaptation in a robotic coaching prototype interaction,
as this is a feature that participants in Study 1 noted as important. We opted to create
a sense oempathyin robot behaviour toward participants through a ectively adaptive
utterances, as suggested by Leite et dll85] We used the robot Pepper by Aldebaran
Robotics’ (see Fig. 3.6). Pepper's onboard speech was used to voice the robot's utterances
using the NAOQALTextToSpeechframework. To create a salient conversational script
for the Robotic Coach (RC) where this empathy could be expressed through utterances,
we collaborated with a professional coach/psychologist (similar t®263), who was a
participant in Study 1 (specialising in both PP and SFP). The initial conversational script
was written by adapting PP exercises appropriate for a one-o sessiol78 23(, with the
assumption that the robot would have only a limited conversational understanding. The
script was improved with the psychologist, by e.g. removing phrases that were deemed
to be invalidating or patronising, improving explanations for the exercises, clarifying
prompts for participants to share their experiences, and determining the appropriate
amount of conversation. This script was then implemented on the Pepper robot, which the
psychologist interacted with in a 1-hour trial session. During this session, the psychologist
took notes on further improvements, which were implemented for the nal version used in
the laboratory study.

The study had three conditions: Personalised (P, a ective responses personalised based
on participants' individual facial expressions§1]), Adaptive (A, a ective responses based
on an o -the-shelf a ect prediction model [61]), and None (N, no adaptation to facial
expressions). While the Adaptive condition used a model that predicted facial expressions
based on a pre-trained model, the model in the Personalised condition predicted each
participant's expressions based on continually generated (i.e., during the interaction)
examples of what their facial expressions might look like with di erent a ects.

In terms of robot behaviour, in the Adaptive (A) and Personalised (P) levels of a ective
adaptation, the robotic coach attempted to identify either a positive or negative valence in
the user's facial expression during their response in tii@vo Impactful Things exercise (see
Sec. 3.3.2.4 for exercises). If a positive expression was detected, the robot used a positive
utterance, e.g. \That sounds great, I'm happy for you. or \ That's great, it sounds like a
positive experienc€. If a negative expression was detected, the robot used an empathising

2https://aldebaran.com/en/pepper/
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Figure 3.6: Participant and Pepper interacting with each other.

utterance, e.g. \That sounds like a tough experience. I'm sorry.or \ I'm sorry that

happened. That sounds di cult”. In the case of no a ective adaptation (N), no such
a ective dialogues were used, and the robot uttered the neutral statemeniThank you for
sharing this with me.

The robot used a Finite-state machine -based dialogue manager using the SMACH
Robot Operating System (ROS) library. Further details of the robot's technical imple-
mentation are out of scope for this thesis, and are available in publications related to this
thesis [62, 27].

3.3.2.2 Participants

In a one-session HRI study, 20 participants (12 females, 5 males, 3 not disclosed, aged 26.70

3.68 years old from 12 di erent nationalities) recruited from the University of Cambridge
student population interacted with the RC Pepper, conducting Positive Psychology (PP)
exercises over a 30 11 minute session at the university laboratory.

3.3.2.3 Study setting

The robot prototype study was conducted in a dedicated room at the University of
Cambridge. The room was equipped with two cameras facing the robot and the participant,
in order to capture the interaction. The Pepper robot's on-board RGB camera was used
to capture the participants' facial a ect. An external microphone was used to capture
the participants' speech, and Pepper's on-board speakers were used to communicate with
participants, as Pepper. The participants were sat in front of the Pepper robot, with a
table separating them to create a natural distance, and with the tablet containing the
guestionnaires to be completed during the study placed on the table (see Figure 3.6).
The questionnaire results are out of scope for this thesis, and are discussed in related
publications [61, 27].

3https://wiki.ros.org/smach
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3.3.2.4 User study protocol

Items Duration

Pre-interaction survey (writing) 5 min

Robot introduction 3 min

Explanation of PP 3 min

\Past" round 10 min
\Present" round 10 min
\Future" round 10 min
Conclusion 3 min
Post-interaction interview 8 min

Table 3.4: Structure of study 2. Average times for each session were: past (Mminutes),
present (9 3minutes), future (10 3minutes), and overall interactions (30 1lminutes).
Originally presented in [27].

The structure of the one-time interaction sessions can be seen in Table 3.4. Each
interaction session consisted of a pre-interaction survey (the results of which are out of
scope for this thesis, but are reviewed in further publication$], 27]), an introduction
phase by the robot (explaining PP and its goals), three interaction rounds (focusing on
the participants' life in the past present and future), and a post-interaction interview by
a researcher. The HRI script design was based on pre-existing PP exercise literature, and
re ned with the professional coach.

Each interaction round (past present future) consisted of three exercises. Each
participant conducted all three exercises three times, once for each interaction round.

i. Two Impactful Things: In this warm-up exercise, the Robotic Coach (RC) asked
participants to talk about two impactful things or events that either happened in
the past two weeks past), happened or are expected to happen todayifesent), or
are expected to happen in the coming two week&ufure). The RC also asked the
participants to think about why these events happened and how they made them
feel.

ii. Two Things the Participant is Grateful For: This exercise focused on developing
gratitude, a concept emphasised in Positive Psychology. Focusing on gratitude can
increase positive a ect, subjective happiness and life satisfactiorq 91]. The RC
asked the participant to recall or imagine (depending oipast, presentor future
interactions) two things that they felt or might feel grateful for.

iii. Two Accomplishments: In this exercise, the RC asked the participant to think
about past, presentor future accomplishmentsfocusing on self-esteem, which has
been applied to increase well-being and ameliorate depressive symptoh@®3[ The
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Figure 3.7: An illustration of some of the interview questions in Study 2.

RC asked the participant to describe past, present or potential accomplishments,
strengths the participant applied or may apply to accomplish thesel9q, and how
these accomplishments make the participant feel.

After nishing all three interactions with the RC, a semi-structured interview was
conducted with the participants, documenting their perceptions of the robot and the PP
exercises. An illustration of some of the interview questions can be seen in Figure 3.7 .
The full interview structure can be seen in Appendix A.6.

3.3.2.5 Data analysis

The data collated and analysed in the next section were collected through the semi-
structured interviews with the 20 participants, conducted immediately after each interaction
session. These interviews were analysed with TA, the results of which are introduced in
the next section.

3.3.2.6 Main ndings

Participants were asked about their opinions on the performance of Pepper as a Positive
Psychology (PP) well-being coach, what they thought worked well, and what they would
change. The TA resulted in 10 major themes, with a focus on robot features, capabilities,
as well as the content of the PP practices (as seen in Figure 3.8). Quotes regarding the
study conditions can be seen in Table 3.5, and quotes regarding the PP exercises can be
seen in Table 3.6. The complete list of results can be found in [61, 27].

Robot capabilities While participants enjoyed the content of the PP exercises, they
would have preferred the robot to be moreesponsive Participants noted that when they
were disclosing their feelings (during task 1, Two Impactful Things), the robot could
have \engaged more positively with their positive feelings"Acknowledgemenof what
the participants were saying, as well as a feeling attively listening could be done via
movement, as well as addingvording variety and having the robot respond di erently
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Figure 3.8: Study 2: Themes de ned in the TA are presented in orange, while codes
related to these themes are presented in blue (best viewed in colour).

to what the participants were saying (as opposed to repeating the same response every
time). Adaptation was requested from the participants, speci cally the robot having the
ability to ask follow-up questions and give suggestions based on the participants' responses.
Participants said the robot could pick upkeywordsfrom their speech, and adapt its
utterances accordingly.

Robot a ective adaptation Participants remarked both positively and negatively
on every level of adaptation (see Table 3.5). They especially highlighted instances in
which the robot made mistakes with regard to empathetic utterances, during a ective
Adaptation (A) or Personalised a ective adaptation (P). Here, participants sometimes
preferred No adaptation (N), in which the robot didn't make a ective mistakes. This
occasional preference fameutrality is in line with the comments made by the consulting
psychologist (i.e., the SFP/PP coach), who remarked that neutral statements may be
preferred by some individuals, as the RC making mistakes and saying things that do not
align with participants' expectations may become jarring.

However, some participants remarked being particularly pleased when the robot re-
sponded accurately, as seen in Table 3.5 with regard tesponsivenessThis supports the
notion that continual personalisationmay become even more relevant for long-term inter-
actions, in the form ofactive listening which would help participants engage more with the
robot. In particular, participants would hope to see the robot using \keywords" from their
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speech to signify that it understood what had been said, and provide acknowledgement
via gesturing and intermittent backchannelling (such as \Huh" and \Okay" verbalisations)
during the participants' self-disclosure. Backchannelling consists of verbal and non-verbal
behaviours by a listener, indicating to a speaker that the listener is actively listenind $5.
These include nodding, gaze towards and away from the speaker, body orientation towards
the speaker, and vocalisations such as \Mm-hmm" [155].

Table 3.5: Study 2: Quotes from participants Ri; (i = 1;2;:::20)) regarding the levels

of a ective adaptation. +=

statements do not contain signs.

Levels of a ective
adaptation

Quotes from participants

None N

P4+ (Present): \I think the robot was performing really well on the present
(N) task.”

P6- (Present): \In general, | think the past (P) was ne, the future (A) was
great, and the present (N) was really bad'

P21- (Past): \It wasn't exactly rude in the rst one (N), but the rst one was
like [less friendly]."

P1- (Past): \At the very beginning (N) | responded, and it didn't get it, but
after that it was very accurate."

P5+ ( Present): \In the second one (N) it was better at responding.”

Adaptive A

P17+ (Past): \Except the last round (A) [...], it felt like mechanical sort of

guestions that came one upon the other. [...] In the last round, | felt it did pick
up on some things, and it understood what's a good event."

P3- (Present): \If | said some negative things, it still didn't react to the

negativity. That made [it] feel a bit mechanical."

P2- (Present): \I think in the second round (A) | was talking about something

positive, and it said "I'm very sorry, that sounds like a di cult time"."

P4- (Future): \The robot completely misunderstood everything | said in the
last bit (A)."

P3- (Present): \So | actually said one negative thing and it said “that's good',
so it felt a bit mechanical in that case."

PersonalisedP

P3+ (Future): \I think the last one (P) was smoother. It was telling me "OK, |
hope you achieve these things'. The last one was easier. It felt more meaningfy
but | don't know. Maybe | got used to it."

P10- (Future): \l don't think it understood me [in the last session] (P)."

P5- (Future): \Sometimes it did really well, and sometimes it didn't, and |
can't really tell why, maybe | was just talking too fast or saying di erent things.
[...] in this third one (P) it just gave the same response.”

P6 (Past): \With the past (P) it was okay, but | feel like it was sort of expecting
me to give answers that were more dramatic than the ones | gave. It was saying
things like, "Oh, that sounds tough’, but | wasn't necessarily feeling like the
things were really horrible."

Robot features

Participants had mixed impressions of the robot'®ehaviour Some

signs indicate positive and negative statements, neutral

perceived it as supportive, compassionate, friendly, and that the robot gave them space to
talk, and that they felt comfortable and heard during the interactions. However, others
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noted that it was robotic, and even condescending when telling the participants \well
done". One participant noted being stressed out when talking to the robot, since they
anticipated a quick response from the robot, and wanted to think of a response quickly so
that the robot would not move on prematurely.

The robot's voice was generally perceived well, with the slow pace being called patient
and listening. A few participants found its pronunciation strange, with one noting being
\creeped out" by it. However, another participant noted being positively surprised in that
the voice wasn't as mechanical as they had anticipated.

The robot's appearancewas generally regarded positively. It was called cute, friendly,
and even childlike and innocent. The lack of facial expressions was perceived as a positive,
with participants describing it as approachable and \taking in what I'm saying". The
human form factor was perceived as \nice", however being at \the high end of humanoid
before being too creepy".

Robot advantages and disadvantages Participants made favourable comments about
the robot in comparison to a hypothetical mobile app designed for the same set of exercises,
noting that speaking out loudwas helpful in itself, as well as thesense of presencéhat

can be provided by its embodiment. Advantages in comparison to a hypothetical human
coach performing the same set of exercises were that the robot hathek of judgement
where it might be easier to talk to a robot due to it not being as reactive as a human, as
well asaccessibility where a human coach is limited to working hours and a robot can
serve more people in a day.

However, the RC was also perceived to have disadvantages. Participants noted that the
robot had problems withtiming, where it sometimes interrupted participants before they
had nished talking, and paused for too long between responses. These were perceived to
be a distraction, and left participants feeling like they were being hurried. The robot would
also giveincorrect responseson occasion, when robot's emotion recognition system made
incorrect estimations of the emotion expressed by the participant. This made participants
feel misunderstood. Another disadvantage of the robot was perceived to piévacy issues
where participants were sensitive to being recorded, and chose what to talk about on that
basis. Finally, some participants noted that while it could be an advantage in some cases,
the lack of humannesof the robot could be limiting in the depth of information it can
ask, and that it could not give organic responses.

Positive Psychology (PP) exercises Participants made several comments on the
Positive Psychology (PP) exercises, noting that they werkelpful and made them re ect,
particularly about a positive future (see Table 3.6). They noted feeling more grateful and
positive after the exercises, and that the robot was useful for guiding them through the
exercises. Particularly, the robot asked theorrect questions and it explained the thought
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process behind the exercises. Participants noted that thefiought of new thingse.g. why
they felt grateful, and what they felt grateful for. Participants noted that the robot could
be improved by having the ability to repeat questions Some participants didn't hear or
understand the robot the rst time it explained a task, and wanted to be able to go back
and ask for clari cation. Some participants also hadli culty understanding the tasks,
noting that they weren't sure of the exercise structure. Here, too, it would have been
helpful to be able to ask the robot for clari cation. Some participants also noted that they
wanted moreinstructions on how to use the robote.g. how loud they should speak and
how long they should wait before responding.

Table 3.6: Study 2: Quotes from participants Pi; (i = 1;2;:::20)) regarding the Positive
Psychology exercises by the Pepper robot. =+ signs indicate positive and negative

statements, neutral statements do not contain signs.

PP Exercises Quotes from participants

P2+: \[It's] an exercise we could do ourselves, but it felt more interactive because the robot

was asking you questions."

P6+: \I particularly liked it trying to make me think about a positive future. [...] That made

me feel hopeful of what will come."

Experience of P7+: \At the end | think | felt more grateful. [...] I'm feeling more positive than | was before
helpfulness the start of the exercise, in that respect it was e ective."

P12+: \If | [use it every day], it can potentially lift my mood. It's like a pet, but I'm not

responsible for it when | travel or something like that."

P19+: \Pretty useful in terms of guiding me to re ect on certain things that | feel grateful

for, it did have an impact on my present emotions, and | did feel better after the exercise."

P2+: \It was good that it explained the thought process behind the exercises [...] why

thinking of the positive aspects was important.”

P9+: \I think the questions were really well-made, and so because of that it does help you

centre a little bit, into "What has been positive?', "What has been negative?' It really felt a

little bit like a coaching [or] counselling session. In that sense, it helped a lot."

P3+: \The questions really made me think, especially for the questions about future. The

present and the past are usually something which we re ect on, but for the future it's

something which is nice. It made me think about things that | usually don't."

P7+: \It was good, trying to make me think "Oh, why would | feel grateful for things' so

that was good, because | don't really think about that."

P11+: \It de nitely made me think of stu that | hadn't thought of before, it took me a

little while to think of things, and once | was thinking of them, | was like "Oh yeah, let's

listen to that', so | think it did its job."

Thinking of new things P4+: \[...] It's good to have the opportunity to think about these things. The di culty

sometimes is [being put] on the spot to list these things."

P5: \It feels weird to talk to a robot about anything personal at all. So I'm not sure | would

choose that if | had an option. But surprisingly, at the end | was like "Oh yeah, | am grateful

for things', so | don't know. | guess it did work."

P6+: \I felt guided through things and [it] structured my thinking about di erent things."

P21: \An ability to go back or repeat the question would x a lot of the problems | had."

P6: \[...] | didn't understand one of the questions [...] so | asked if it could repeat that, and |

think it registered that as a next [answer]. So | guess [being able to ask it to repeat questions]

would be better in making it feel like a conversation."

P11: \l couldn't quite see the structure ahead of time [...]. It asked what are you grateful for,

and then when it talks about the accomplishments, | was like, "Oh, | totally should have used

that'. [...] | just feel like it would have been more natural with a person to be like, "Oh, that

one thing that | was just saying before'. And to a robot, | kind of just felt like | said the

same thing again as | did before, so | guess that was slightly weird."

P16: \These three [rounds (past, present, and future)], they all seemed similar. [...] It asks

very similar questions. The rst one was supposed to focus on the past and the second one

on the present. And it asked similar questions like ‘recent accomplishments' and that was

confusing."

P2: \Maybe | wasn't speaking loud enough, because | felt like | needed to repeat the commands

on the feedback [portion of the interaction] a lot of times."

P3: \l responded, and it didn't get it, but after that it was very accurate. | [had some

trouble], like having to wait for it. [...] it didn't feel very natural.”

Correct questions

Repeat questions

Di culty understanding
tasks

Instructions to use robot
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Users Participants talked about di erent aspects related to theusers of the robot.
Speci cally, they noted that the expectationsof the users interacting with the robot could
shape the interactions. One participant noted that people who had not done therapy
before, and thus did not have any expectations, could bene t from the robot the most.
Another noted that the RC works on \a basic level", but if a person had a bad day and
was expecting more support, the robot could be a disappointment. One participant noted
that the robot might be especially useful in the aftermath ofCOVID-19, and that it
could be useful for people isolated in homes due to the pandemic, or even people who
are otherwise socially isolated but would want a channel to \open themselves back up
to society". Other participants concurred with this, noting that the robotic coach could
be particularly helpful for introverts who felt shy or awkward with other people, and
could feel more con dent with a robot. Finally, one participant noted that the robot
could be useful inelderly care homes and hospitglsvhere small interactions with a robot
could make a \huge" di erence where nurses weren't available, especially for \the older
generations who are alone".

3.3.3 Study 3

The last step of exploring step 1 of HCD consisted of a nal human-centred design study
(Study 3), involving three participants who interacted with the robot in Study 2, as well

as two professional well-being coaches (one of whom was involved in Studies 1 and 2, i.e.,
the SFP/PP coach). Study 3 consisted of a group discussion aimed at examining what
would motivate participants to use a robotic well-being coach in the long term, as well as
what they would like to see from a longitudinal robotic coach of Brief Solution-Focused
Practice (BSFP). We chose this well-being practice due to the expertise of the well-being
coach who collaborated with us, specialising in SFP/PP.

3.3.3.1 Participants

We recruited 2 well-being coaches, one of whom had already taken part in Study 1
(described in Section 3.3.1) and consulted on the design of the RC in Study 2. The
recruited coaches specialised in SFP/PP, and mindfulness and meditation, respectively.
We also recruited 3 prospective users who had experience with a robotic coach due to
having attended the Positive Psychology (PP) exercises conducted by Pepper (Study 2,
Sec. 3.3.2). The participants consisted of 3 females and 2 males aged 3281 from 4
nationalities (British, Brazilian, Portuguese and Romanian).

73






	Introduction
	Research motivation and scope
	Research questions and contributions
	Overall research question
	Research sub-questions
	Research contributions

	Thesis structure
	Chapter summary
	Publications
	A note on the materials adapted in each chapter

	Literature review
	Well-being and Well-Being Coaching (WBC)
	Psychological well-being
	Hedonic well-being
	Eudaimonic well-being
	The medical model of well-being and mental health

	Well-Being Coaching (WBC) practices
	Solution-Focused Practice (SFP)
	Life Coaching (LC)
	Cognitive Behavioural Coaching (CBC)
	Mindfulness and meditation
	Positive Psychology (PP)

	Well-being coaching interaction and alliance
	Well-being at the workplace

	Human-Robot Interaction (HRI)
	Socially Assistive Robotics (SARs)
	AI-based virtual mental health
	Mental well-being coaching and HRI
	Longitudinal HRI
	Large Language Models (LLMs) in HRI
	The design space of HRI
	Form
	Behaviour
	Interaction
	Environment


	Human-Centred Design (HCD)
	Human-Centred Design research in HRI
	Ethics in the Human-Centred Design of HRI
	Human-Centred Design of HRI for well-being

	HCD methods in HRI
	Qualitative methods
	Quantitative methods


	Chapter summary

	Understanding user needs and specifying design guidelines
	Introduction
	Data analysis methodology
	Thematic Analysis (TA)
	Qualitative analysis

	Three human-centred studies
	Study 1
	Participants
	Study setting
	Protocol
	Data analysis
	Main findings

	Study 2
	Robot and affective adaptation design
	Participants
	Study setting
	User study protocol
	Data analysis
	Main findings

	Study 3
	Participants
	Study setting
	Protocol
	Data analysis
	Main findings


	Qualitative analysis: Convergence and divergence of the studies
	Convergence
	Robot capabilities
	Robot features
	Robot advantages
	Robot disadvantages
	Ethical considerations

	Divergence
	Robot form
	Adaptation and privacy
	Emotional adaptation
	Accessibility
	Well-being practices and robot roles
	Robot advantages


	Design and ethical guidelines
	G1 — Robot form should follow its function
	G2 — Robot voice should emphasise variable prosody and slow pace
	G3 — Acknowledgement and active listening should be implemented through backchannelling and appropriate turn-taking
	G4 — Verbal adaptation should be limited to preserve well-being practice efficacy
	G5 — Safeguarding and risk assessment are required prior to interactions
	G6 — Data collection needs informed consent to preserve privacy
	G7 — Researchers should educate users keeping in mind emotional considerations and user characteristics

	Limitations
	Chapter summary

	The influence of robot form on user perceptions
	Introduction
	Related work
	Robot form in HRI
	Robot personality in HRI

	Research Questions (RQs)
	Design choices according to design guidelines
	The user study
	Materials and methods
	Setup
	Participants
	Study design according to ethical guidelines
	Robotic platforms
	Robot personality design
	Exercises
	Study conditions
	Experiment protocol
	Implementation
	Measures

	Data analysis

	Findings
	Perception of the robotic forms as well-being coaches (RQ3.1)
	Robot personality (RQ3.2)
	Coachee-coach alliance (RQ3.3)

	Discussion
	Workplace factors
	Participant feedback from internal focus groups
	Limitations

	Chapter summary

	Error repair for robot conversational mistakes
	Introduction
	Related work
	Well-being coaching and mistakes
	Robot mistakes and repairs in HRI

	Iterating on design choices according to design guidelines
	Study process overview
	Phase 1: Repair strategy design
	Discussion 1: Robot mistakes
	Discussion 2: Repair strategies

	Phase 2: User study
	Protocol and questionnaires
	Users
	Study design according to ethical guidelines
	Robot platform and architecture
	Exercises
	Administered robot mistakes and repairs
	Study conditions
	Repair strategy construction

	User study findings
	Data analysis
	Quantitative results
	Qualitative results
	Insights


	Phase 3: Workshop with users
	Repair strategy preferences for user-generated mistake scenarios
	User insights and discussion

	Phase 4: Coach reflections
	Limitations and future research
	Chapter summary

	Discussion
	Reflecting on the design and ethical guidelines
	G1 — Robot form should follow its function
	G2 — Robot voice should emphasise variable prosody and slow pace
	G3 — Acknowledgement and active listening should be implemented through backchannelling and appropriate turn-taking
	G4 — Verbal adaptation should be limited to preserve well-being practice efficacy
	G5 — Safeguarding and risk assessment are required prior to interactions
	G6 — Data collection needs informed consent to preserve privacy
	G7 — Researchers should educate users keeping in mind emotional considerations and user characteristics

	Critical reflections on the design process
	Answering the research questions
	Summary of main contributions
	Future research
	Participatory HRI methods
	Service design investigation
	Further ethical questions

	Conclusion

	Bibliography
	Chapter 3: Understanding user needs and specifying design guidelines
	Study 1: Consent form
	Study 1: Prospective user interview
	Study 1: Coach interview
	Study 1: Additional qualitative data
	Study 2: Consent form
	Study 2: Post-interaction interview
	Study 3: Consent form
	Study 3: SFP Script
	Study 3: Additional qualitative data
	List of codes

	Chapter 4: The influence of form on user perceptions
	Sign-up and demographics form
	Consent form
	GAD-7 and PHQ-9 questionnaires
	Robotic Social Attributes Scale (RoSAS)
	Working Alliance Inventory Short Revised (WAI-SR)
	Negative Attitudes towards Robots Scale (NARS)
	Ryff's Psychological Well-being Scale (RPWS)
	Satisfaction with life scale
	Mood and readiness to change scale
	Custom questionnaire about robot personality
	Custom questionnaire about robot behaviour
	Conversational script
	Interview questions
	Quantitative results: Further details

	Chapter 5: Error repair for robot conversational mistakes
	Sign-up and demographics form
	Consent form
	Robot's Perceived Empathy (RoPE) scale
	Multi-Dimensional Measure of Trust (MDMT) scale
	Positive And Negative Affect Schedule (PANAS)
	System Usability Scale (SUS)
	Custom questionnaire
	User study interview
	Repair strategies defined with the coach
	Qualitative data
	User-generated mistake scenarios


