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Abstract

Communication is fundamental for humans to exchange ideas, interact, and collaborate.
These factors make it important to explore human-robot interactions through the lens of
effective communication. This work explores inclusivity from two key dimensions: cultural
integration and speech impairments.

Human-robot interaction (HRI) research has increasingly recognised the influence of
culture on human-robot interactions, highlighting both the opportunities it brings and
the need for careful consideration due to the evolving nature of cultural dynamics. In an
online study with 103 participants, we explored how preferences for cross-cultural greet-
ings performed by a humanoid robot change based on a restaurant theme. We examined
factors influencing these preferences by analyzing two groups who experienced different
ethnic greetings. We studied how ethnicity, percentage of life lived in Western countries,
personality characteristics, and implementation of cultural aspects influenced the likability
of a robot’s greeting gestures.

In the context of speech impairments, the use of social robots in clinical settings for
stuttering therapy of preschoolers by Speech-Language Pathologists (SLPs) remains a rel-
atively unexplored area. To help HRI researchers explore this field, we identified potential
applications of social robots for stuttering therapy. We discussed key considerations for
these interactions by conducting interviews and shadowing sessions with two SLPs. The
results suggest practical applications and interaction and communication design consider-
ations for integrating social robots into speech therapy sessions for preschoolers who stut-
ter. Key applications for social robots include engaging children through various games
and providing a consistent speech model, among others. Essential properties of interaction
design for sessions include being interactive, structured, and supervised by SLPs. Addi-
tionally, the robot’s communication could involve slow, relaxed, personalised speech and
other techniques to support children’s speech goals.

Following recommendations from a handbook on stuttering and SLPs, we explored
an application area focused on slow and relaxed speech that is to be used by parents and
caregivers of children who stutter. As a first step and proof-of-concept, I carried out an HRI
study with university students. I designed two sessions with four and five tasks, collecting
natural speech samples from 63 participants across different verbal tasks. Throughout the
interactions, the voice system (two conditions: the robot speaking or the same voice coming
from a laptop) maintained a slow speech. I report our results on which kind of tasks had
more impact on participants’ speech and the difference in participants’ speech metrics in
the two sessions. People with different English language-related self-reported factors also



showed varied patterns in adapting to the Voice System’s slow speech, showcasing the need
for customised implementations in the future.

This work contributes to HRI by highlighting the challenges of developing culturally
adaptive robots and providing design considerations for using social robots in stuttering
therapy for preschoolers. By studying speech entrainment through a Voice System exhibit-
ing slow speech, we explored how different verbal tasks influence entrainment levels, with
potential future applications in training parents and caregivers of children who stutter.
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Chapter 1

Introduction

Effective communication plays a fundamental role in building relationships within society.
To ensure meaningful interactions, it is essential to promote inclusivity in communica-
tion from both cultural and speech-impairment perspectives. However, individuals may
sometimes experience social isolation due to cultural differences [141, 19] or speech im-
pairments [(1,04], which can create challenges in communication and self-expression. By
embracing diverse communication needs, we can foster a more connected and understand-
ing society. In such cases, social robots can constructively bridge communication gaps
and support interaction in both contexts - Cultural Integration and Speech Therapy. Cul-
tural factors significantly influence the acceptance of robots and the level of discomfort
experienced by individuals [118]. A small yet important aspect of communication, greet-
ings, can enhance the positive impact of a humanoid robot when it is culturally aligned
with the participants [110]. In the context of therapy, recent studies have increasingly
explored the application of Socially Assistive Robots (SARs) for therapeutic interventions
(e.g. [1,17,98]). One notable use case for further research is in speech therapy sessions. By
providing interactive and supportive environments in pediatric care and speech therapy,
social robots can help facilitate social interactions, cognitive engagement, and emotional
well-being, making therapy more effective and engaging for children [5,51,30].

This thesis presents three studies: one exploring cultural greeting preferences of par-
ticipants in different location contexts and the other two exploring how social robots can
assist in the stuttering therapy of preschoolers. An visualisation of how the three studies
are related to the central theme of Inclusivity in Communication can be seen in Figure 1.1.
Both areas of focus in this thesis, cultural integration and assistance in stuttering ther-
apy, were chosen to add insights to the field of human-robot interaction (HRI) to support



Inclusivity in Communication

— N

Cultural Integration Social Robots in Stuttering Therapy

= -

Study 1 (Chapter 3)
Figure 1.1: Relationship between the studies and the central theme of Inclusivity in Com-
munication.

the overarching goal of enhancing inclusivity in communication through the use of social
robots.

1.1 Motivation

In the following subsection, I will outline my motivations for exploring expectations and
challenges regarding cultural integration through the use of social robots in restaurant
settings. In the next subsection, I will discuss how social robots can be viable in stuttering
therapy and modelling human speech to adopt fluency-shaping strategies.

1.1.1 Cultural Integration Considerations for Social Robot in
Hospitality

Given the fluid nature of culture, it is important for robots to adaptively participate in
social interactions. Adaptability could make room for cultural patterns to emerge directly
from robot’s interactions with humans. Research in cultural robotics has shifted from
attempting to encode robots with static cultural norms to enhancing their fundamental
skills in perception, learning, and adaptation of patterns of interaction within a group [90].
Such an approach empowers robots to independently adapt to the varied and continuously



evolving cultural contexts they encounter [90]. This raises concerns about the autonomy
of individuals in shaping their interaction preferences, particularly within the sensitive
context of cultural norms and expectations. Hospitality industry such as restaurants and
hotels provide us with the opportunity to design our study around the cultural greetings.

The hospitality industry over the years has experienced an increase in the deployment
of social robots [69,119]. It has been suggested that customers’ inclination towards so-
cial robots stems from their perceptions of value, empathy, and information sharing [15].
The effectiveness of social robots has been studied in the hospitality and service industry,
specifically in roles such as serving as information desk assistants [38, 103, 125], information
broadcasting [91,92], acting as bellboys [95] and collecting customer feedback [36] [37].

Social robots are less likely to be perceived as odd in hospitality settings since they have
been studied and tested in those environments. Also, with the flexibility that restaurants
or hotels offer to adapt themes representing different cultures, we designed our study to
explore the relationship between the background context of a restaurant setting and cul-
tural greeting preferences. Greetings were chosen for our exploration as they are commonly
observed in the context of welcoming guests in a restaurant setting. Greetings also allow
for the study of culture in short interactions, as greetings vary across most cultures.

1.1.2 The Role of Social Robots in Speech Therapy

Incorporating social robots into stuttering therapy has been suggested through their roles
as engaging and motivational partners, consistent speech models, reinforcement for social
and speech skills, homework partners, and transition aides for different phases of treatment,
such as establishment, transfer and maintenance [29]. However, research on the integration
of social robots in stuttering clinics, specifically considering the child-robot interaction
design aspects for the treatment of preschoolers, remains underexplored. Existing studies
predominantly reflect the perspectives of HRI researchers and often lack the involvement
of key stakeholders in the solution design phase [27,100,123]. This direction may lead to a
disregard for the practicalities and real-world challenges that Speech Language Pathologists
(SLPs) may encounter in clinical settings. This inspired us to explore and report on the
potential applications of social robots in stuttering therapy and how to implement them
by involving SLPs in the solution design phase.

I then identified an application of social robots where they can help influence a human’s
speaking patterns in a way that can help in the speech therapy outcomes of preschoolers
who stutter. Speech Entrainment (SE), a phenomenon where individuals’ speech patterns



such as pitch, rhythm, intonation, and speech rate become more similar during verbal in-
teraction with another person [17] can be leveraged to affect human speech. In social psy-
chology, SE is often explained through Communication Accommodation Theory (CAT),
which has been developed and extensively advanced over decades by H. Giles and col-
leagues. CAT describes conscious and unconscious adjustments individuals make to align
their communication with others, focusing primarily on convergence behaviours for align-
ment [54,55]. For subconscious adjustments, this alignment is commonly attributed to the
chameleon effect [32] and the mirror mechanisms [99], where individuals automatically and
unconsciously mimic their partner’s behaviours, speech patterns, or postures that enhance
social bonding through smoother interactions, increased empathy, and mutual liking [32].

Research on human-machine communication has examined how Voice-Based Assistants
(VBASs) and social robots manage communication accommodation to influence user percep-
tions. In this context, perceived accommodation brings into discussion the relationship be-
tween warmth and competence, with overaccommodative VBAs receiving more favourable
evaluations than underaccommodative ones [11]. Similarly, social robots establish rap-
port through social dialogue and prosodic entrainment, where pitch adaptation enhances
perceptions of social presence [31].

In the study discussed in Chapter 4, I noted that a slow and relaxed speech for the
caregivers of preschoolers who stutter is suggested by SLPs, and it is also supported by
the suggestions in a handbook on stuttering [62]. SE and CAT inspire us to explore the
applications of social robots in modelling expected speech patterns in humans by leveraging
SE and CAT to support speech therapy either directly or indirectly.

1.2 Research Goals

In this section, I will discuss the research goals of my three studies. The three studies have
similar broad goals to contribute towards inclusivity in communication HRI, but they are
also unique in the way they provide these solutions. Detailed research questions can be
found in the respective Chapters 3, 4 and 5 of these studies.

Our first study (discussed in Chapter 3) examined how interaction context affects the
perception of cultural adaptation in two culturally diverse groups. Here, we focus on the
first and basic form of interaction with a robot: greeting. We assume that a robot in the
hospitality sector might already know a person’s cultural or ethnic background, through
the guest’s prior declared preferences, e.g. at the time of booking a restaurant table.
Yet, there is an underlying uncertainty regarding the type of robot greeting the user may



expect. In particular, in a restaurant with a specific cultural theme, how should a robot
greet guests who may be accustomed to their own ethnic greetings!? Should the robot
use a widely recognised, ‘popular’ greeting that adheres to Western norms, a greeting that
aligns with the customer’s ethnic background, or one that complements the restaurant’s
ethnic theme? Our study focused on participants who use ethnic greetings distinct from
Western norms and consistent within their communities. Centering on ethnic greetings
as a key research aspect, we recruited people from Chinese and Muslim/Islamic groups,
due to their significant presence at the University of Waterloo, cf. the University’s equity
survey results [3]. Our recruitment materials therefore specifically invited individuals who
identified with the greetings “Huan Ying” or “As-salamu alaykum”. We refer to these
two groups of participants as HY and ASA, respectively. In the study of Shidujaman et
al. [110], participants experienced more positive feelings when the robot used a greeting
gesture that was common in their own ethnic community. We expanded upon this finding
by examining how the preference for ethnic greetings changes by taking into account the
context of the location where the robot is employed. To the best of our knowledge, the
complexity of cultural integration in greeting scenarios in hospitality settings, analyzing
how user preferences can differ from one cultural group to another, has not yet been studied.

Our research objective in our second study, presented in Chapter 4, was to explore the
applications of social robots in stuttering clinics and propose design considerations for these
applications intended for use by SLPs through a co-design approach. The study was an
extension of previous work conducted in the Social and Intelligent Research Lab (SIRRL)
[28,29,64], which initiated the research direction of exploring the feasibility of using social
robots for stuttering interventions. Adopting a co-design approach, extensive research was
conducted, focused on stuttering interventions and explored opportunities for social robots
in stuttering clinics [28]. STIRRL members engaged in online interviews and focus groups
with SLPs to assess the feasibility of leveraging social robots into stuttering therapy. A
recent study [29], employed the Double Diamond Design Process Model [16] that comprises
four phases: Discovery, Definition (see Figure 4.1), Development and Delivery. Building on
this prior work, our current research strengthens our understanding of the problem space
and completes the first diamond phase of the research. This research focuses on discovering
and defining (first diamond) potential considerations for developing applications on social
robots to be used by SLPs in their clinic in the future (second diamond). In line with the
co-design approach we followed in prior work, the goal of the present work was to actively
involve SLPs in the Definition phase (see Figure 4.1). By incorporating insights from SLPs
we aim to develop design considerations that will facilitate the adoption of our solutions

!Note, if we use the term “ethnic” greeting in this paper we refer to the greeting that participants
identified with at the point of recruitment.



in therapy practices.

Our third study (explained in Chapter 5) explores if and how the slow and relaxed
speech of a Voice System application running either on a robot or a laptop can subcon-
sciously influence human speech through speech entrainment, demonstrating the chameleon
effect. Participants interact with a Voice System featuring a low articulation rate and fre-
quent pauses across two in-person sessions involving four and five tasks, respectively. These
tasks include repeating the sentences spoken by the Voice System, describing images dis-
played on the screen, and listening to the Voice System discuss its preferences in food and
music. Participants’ speech samples are collected at the start and end of each session to
analyze articulation rates, pause rates, and pause ratios as primary speech metrics. The
primary motivation behind this work was to explore whether a social robot could be em-
ployed to subtly influence human speech patterns through different kinds of verbal tasks.
This approach holds potential for stuttering therapy in preschoolers, where caregivers are
encouraged to adjust the child’s environment by speaking in a slower and more relaxed
manner [62]. In the research conducted in Chapter 4, an SLP also emphasised the challenge
of altering one’s speech patterns in practice.

1.3 Summary of Contributions
The overall contributions of the research projects in this thesis are summarised as follows:

1. For the first study, I conducted an online survey where participants watched videos
in which the Pepper robot [2] greeted them using different cultural greetings in two
culturally themed restaurants. Participants’ likability towards the greetings was mea-
sured using the Likability subscale of the Godspeed [13] questionnaire. Note, an En-
glish language package was used consistently in all conditions to create the robot’s
voice. Our findings from the first study suggest that a restaurant’s theme and loca-
tion, alongside individuals’ personality traits and ethnic background, the percentage
of life lived in Western countries, and also how precisely cultural aspects are im-
plemented in a robot might influence the likability of robot greeting gestures. For
example, in a restaurant that resonated more closely with their own ethnic greetings,
participants from the HY group showed a preference for a popular Western greeting,
while the ASA participants favoured their own ethnic greeting. Both HY and ASA
participants did not appear to have a strong preference for any particular greeting
in a restaurant whose theme did not resonate with their respective ethnic greetings.



These findings point towards the ethical challenges that need to be kept in mind
while incorporating cultural elements in HRI.

2. The second study involved an analysis of prior work published by members of the
Social and Intelligent Robotics Research Lab (SIRRL) 2, shadowing of stuttering
therapy sessions for preschoolers, followed by interviews with the SLPs, as well as
using as a handbook on stuttering as an additional data source. The data collection
and analysis adopted the Grounded Theory Methodology [31]. The research contri-
butions of the second study include identifying practical applications of social robots
in stuttering clinics, specifically as a toolbox containing a variety of games, story-
telling, stuttering samples, and a consistent speech model. Additionally, the findings
from observations in shadowing sessions of preschoolers who stutter, and through
discussion with SLPs, bring to light key considerations for interaction design. The
results emphasise interactions being play-based, low cognitive load, the inclusion of
tangible props and turn-taking, and the achievement of speech goals. An SLP also
suggested considering the integration of social robots in speech therapy, such that the
absence of the social robot should not cause distractions or disappointment. We also
noticed that certain communication design considerations emerged during a quali-
tative analysis of the findings. We learned that the robot should communicate in a
personalised, enthusiastic manner, with prolonged, and syllable-timed speech. Cul-
tural elements could be used if those elements are familiar to the child. Moreover, a
natural and non-robotic speech style needs to be implemented for effective outcomes.

3. To address the research goals for the third study, I conducted an in-person study
in the lab with two sessions for each participant, each session having four and five
verbal tasks respectively. The tasks were designed to collect speech samples of the
participants, which were analyzed later to detect any differences in speech metrics
throughout the two sessions for each participant. Questionnaire data was also col-
lected before the study, before and after each session, and after the study, along with
a semi-structured interview at the end. Results from the third study inform us that
more predictable and less open-ended tasks, such as sentence repetitions or describ-
ing a picture in three sentences, are capable of reducing articulation rates more than
other tasks. We also learned that having more sessions can have a higher relative
impact. When it comes to pause rates and pause ratios, a task where participants
have to repeat phrases could be less beneficial if the goal is to increase these speech
metrics. The findings of our study will not only help design specific applications
that could aid in modelling speech patterns, but it also opens doors for exploring

’https://uwaterloo.ca/social-intelligent-robotics-research-lab/
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certain fluency-shaping techniques. Techniques such as stretched syllable techniques,
prolongation, or gentle initiation can be explored in future studies leveraging SE and
CAT.

1.4 Thesis Overview

The remainder of this thesis has the following structure. Chapter 2 provides a literature re-
view on topics relevant to the three studies, including cultural adaptation and its challenges
in HRI, applications of social robots in speech therapy, applications of Grounded Theory in
HRI, speech entrainment in Human-computer interaction (HCI) and fluency-shaping tech-
niques in speech therapy. Chapter 3 presents our first study, which explores how locational
contexts influence user preferences for cultural greetings. Chapter 4 describes the study
on the application of social robots in stuttering therapy for preschoolers, aimed at estab-
lishing a foundation for future research in this domain. Chapter 5 presents our final study
on slow speech entrainment in human participants in response to slow speech of a Voice
System application running on a social robot or a laptop across different verbal tasks. The
primary motivation behind this study is to find potential applications in modelling slow
and relaxed speech in parents and caregivers of children who stutter. Finally, Chapter 6
summarises the findings of our studies, discusses how they address the research questions,
highlights their contributions to the HRI knowledge space, and outlines the limitations of
our approach, along with directions for future research.

Towards the end, there are also five appendices. Appendix A contains our ethics clear-
ance certificates for Study 1 and Study 3. Appendices B, C, D and E provide study
materials including web interfaces, questionnaires, scripts of conversations and some extra
plots and figures that helped implement and analyze the studies.

1.5 Author’s Contributions

This thesis consists of three research studies undertaken by me. The use of the term “we”
in this thesis reflects the collaborative nature of these projects, which were carried out with
the joint effort of a team—sometimes a multidisciplinary team of researchers—a common
practice in human-robot interaction studies. The term “we” is also a common practice in
academic writing. In regard to my contributions, I came up with the key ideas for the
first and third studies. I led the design and development of the first and third studies
from both conceptual and technical standpoints. The second study began with the ideas



suggested by Professor Dautenhan to visit SLPs at KidsAbility. Dr. Shruti Chandra led
the initial shadowing and interviews with the SLPs, but after that, I followed up with
shadowing sessions and interviews with the second SLP at KidsAbility. I came up with
the idea to report our progress so far in the domain of applications of social robots in the
stuttering therapy of preschoolers. Under the guidance of Professor Dautenhan, Pourya
Aliasghari, Professor Smita Misra, Dr. Shruti Chandra and Professor Ewen MacDonald,
I performed data cleaning and analysis for each study, followed by drafting and preparing
the submissions for reporting the findings.



Chapter 2

Background Literature

This chapter will review relevant background literature related to our studies. The discus-
sion focuses on two key themes of inclusivity in communication: cultural aspects and speech
impairment, which are central to this thesis. The first part explores cultural integration,
while the following sections broadly fall under the category of speech impairment.

Regarding our first study, it is important to understand the journey of cultural inte-
gration in HRI studies and how it has evolved over time. Advancements in technology
and algorithms have enabled us to experiment with autonomous cultural adaptations dur-
ing these interactions. Cultural integration and adaptations being sensitive, evolving, and
context-dependent in nature raise certain challenges.

The second sub-theme — applications of social robots in speech therapy— discusses
studies that have investigated the use of Social Assistive Robots (SARs) in speech therapy.
As we adopted a variant of Grounded Theory (GT) for our second study, it was essential
to refer to GT and its role in data collection and analysis in studies involving SARs. Since
GT evolved in the discipline of sociology, we also summarise efforts undertaken to adapt
GT in technical contexts.

Building on our application ideas in my third study, we will explore how speech entrain-
ment has been studied in Human-Computer Interaction (HCI), the approaches researchers
have taken, and the results they have achieved. We will connect these insights with exist-
ing literature to support the effectiveness of fluency-shaping strategies, such as slow and
relaxed speech. We will also examine the impact of caregivers practicing these techniques
with young children. By identifying gaps and evaluating the potential of social robots
in leveraging speech entrainment to facilitate fluency-shaping strategies, we recognise the
need to study an application in speech therapy that requires practice by adults (caregivers).
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2.1 Cultural adaptation and its challenges in HRI

In this section, we first discuss cultural integration in HRI and how previous research
considered different cultures from around the world in HRI. Next, we review studies on
developing culturally adaptive social robots and then look into the challenges of cultural
integration in HRI.

2.1.1 Cultural integration in HRI

The HRI community over time has progressively explored the impact of culture on par-
ticipants’ perception of robots by conducting studies across diverse communities. Initial
studies predominantly focused on societies in the Western world and East Asia, reflecting
the historical centers of developments in the HRI domain (e.g. Japan, USA, Europe), as
evidenced in works such as [14,52]. Later efforts have expanded to investigate the Middle
Eastern population [3, 82], recognizing the significance of a more globally inclusive ap-
proach in HRI. In a research study conducted with participants from Egypt and Japan,
it was discovered that culture played a significant role in determining the acceptance and
discomfort levels associated with the greeting gestures of a humanoid robot [l 18]. Re-
search on children from Pakistani and Dutch backgrounds interacting with the iCat robot
revealed significant influences of age and culture, indicating Pakistani and younger children
generally enjoyed the interactions more than Dutch and older children, respectively [103].
Another study compared German and Arab participants’ preferences for robot design. The
findings suggested that the German participants leaned towards practical, non-humanoid
robots primarily for industrial applications, whereas Arab participants showed a stronger
inclination towards robots that mimic human appearance and interaction, particularly for
roles extending into healthcare [71]. Such findings emphasise the importance of accounting
for cultural differences in social robot design for global applications.

2.1.2 Culturally-adaptive social robots

There has been a growing effort to explore the applications of Socially Assistive Robots
(SAR) through a cultural lens, as evidenced by studies conducted under or built upon the
CARESSES project [25]. CARESSES [107] is an initiative aimed at developing culturally
competent robots capable of autonomously adapting their behaviours and communications
to align with the personal and cultural preferences of the elderly they assist. This approach
integrates principles of trans-cultural nursing to provide culturally sensitive care. A study
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highlighting a ‘diversity-aware’ humanoid robot’s acceptance among clinicians and spinal
cord injury patients demonstrates the robot’s ability to customise interactions according
to the user’s cultural background, age, gender, personal preferences, and health status,
while also examining the factors influencing its adoption [59]. Research in this field has
progressively become more detailed in addressing cultural nuances. Complex greeting
gesture selection systems have been developed that take insights from sociology studies
and incorporate contextual features such as culture, gender, location, power relationship,
and social distance into an algorithm, facilitating the dynamic adaptation of gestures based
on various contexts [117].

2.1.3 Challenges with cultural integration in HRI

The design of the cultural adaptation process in HRI can be influenced by a variety of
factors. A recent study reviewed the use of social robots in educational settings from
a cultural standpoint with a focus on the robot’s role, the objectives and goals of the
interaction, and the types of interaction involved. The study highlighted the differences in
interaction preferences between individualistic and collectivist cultures, how power distance
affected robot roles, and the importance placed on educational content by ‘masculine’
and ‘feminine’ societies, according to the authors [21]. Note, concerns have been raised
regarding questions about the suitability of robots to understand or generate descriptions
of people, emphasizing the need to avoid the risks of stereotyping or misrepresentation in
representing a culture [120].

2.2 Applications of Social Robots in Speech Therapy
and Grounded Theory in HRI

In this section, we will review studies that have developed applications for SARs in speech
therapy and evaluated their effectiveness. This review will help us fully understand the
field and identify potential research gaps. We will then examine studies that utilise the
GT approach in HRI research for practical applications. This has also guided us in refining
our approach. We aim to understand subtle aspects about the application of GTM in HRI
that may have been overlooked in previous studies.

12



2.2.1 Speech Therapy and SARs:

Several studies have addressed the use of social robots in speech therapy, although without

any mention of involving stakeholders in the solution design phase [27, 100, 123]. Applica-
tions involved mouth pose detection to guide speech exercises for Apraxia [27]. Another
study, for children with cerebral palsy, showed significant improvements in phonological,
morphosyntactical, and semantic aspects of speech [100]. Yoshikawa et al. [123] explored

the use of teleoperated robots to reduce stuttering-related psychological symptoms, finding
improvements in speech-related attitudes. Despite these promising results, the reliance on
teleoperation poses practical challenges. In [113], with tasks designed by psycholinguists
and conducted by speech therapists, SARs showed the potential to improve children’s lan-
guage skills through higher engagement. A recent study [70] involved the co-creation of
three therapeutic educational games using the Kaspar robot, in collaboration with experi-
enced Speech, Language, and Communication (SLC) experts. Their intervention with 20
children from special educational needs schools over 9 sessions showed significant improve-
ments in SLC skills. However, to the best of our knowledge, no research has been done
on design considerations for HRI researchers, particularly those based on observations and
discussions with SLPs in preschool stuttering clinics. Our second study addresses this gap
by offering practical design insights, providing a foundation for researchers to build upon
in using social robots for preschooler stuttering therapy.

2.2.2 Understanding GT in Technical Context:

GT, while less popular than Thematic Analysis in qualitative HRI research, remains a
valuable and applicable methodology, but not without challenges and adaptations. The
authors in [111] discuss the methodological challenges of transitioning from GT to user
requirements for designing information and communication technologies. Translating qual-
itative data into practical design solutions is understood to be a fairly complicated task.
Certain methodological adjustments were suggested by the authors, such as incorporating
preliminary scenarios before interviews and integrating the exploration of user require-
ments within open-ended interviews. The proposed shift in epistemology and methodology
bridges theory and practice, combining sociological techniques with design needs to make
qualitative research both rigorous and useful for technological development. Similarly, in
software engineering (SE), GT is adapted to study socio-technical phenomena, where hu-
man and technical aspects are closely connected. Traditional GT, originally developed for
sociological research, often poses challenges for SE researchers due to its focus on purely
social phenomena and lack of clarity for socio-technical applications. This study presented
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Socio-Technical Grounded Theory (STGT) as a way to address the challenges faced by
software engineering researchers when applying traditional GT. It offers flexibility in the-
ory development modes and emphasises the importance of interdisciplinary research teams.
STGT combines knowledge from social sciences, qualitative research, and technical back-
grounds. STGT aims to make G'T more accessible and effective for SE researchers, enabling
high-quality studies that produce practical and relevant theories in SE [65].

2.2.3 GT analysis and SARs:

GT has been used to explore practical aspects similar to our goal but in different domains
such as deploying robot teleoperation in therapy [18] and to identify desired features of
assistive robots for older adults [13]. Analysis of interview data from seven older adults
revealed that while they recognised the benefits of assistive robots, stereotypes about aging
embedded in robot design had impeded the robot’s acceptance [75]. SARs improved en-
gagement and care quality in aged-care facilities [70] although other studies with healthcare
professionals noted limitations in providing comprehensive humanistic care [112]. In [72],
GT was applied to analyze observational data of interactions in dementia care, involving
patients, relatives, and care providers. Note, none of these works explain the reasoning
behind their choice of a particular variation of GT (Glaser/Classic or Charmaz/Construc-
tivist or Strauss, differences among variations summarised in [39]) over other variations
and its impact on their research.

2.3 Speech Entrainment in HCI and Fluency Shaping
Techniques in Speech Therapy

HCI has extensively studied speech entrainment. For our third study, it was important for
us to understand their data collection and analysis approaches for inspiration. We were
particularly interested in fluency-shaping strategies that caregivers initiate and practice to
promote smooth speech in young children. This was especially relevant as we planned to
design a study with adult participants.

2.3.1 Speech Entrainment studies in HCI

In their exploratory works M. Cohn et al. [37,38], explored the impact of physical em-
bodiment and gender on vocal accommodation by conducting experiments to examine
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how participants adjust their speech when interacting with identical TTS (text-to-speech)
voices presented in three distinct physical forms: an Amazon Echo smart speaker (the least
human-like, with a simple cylindrical design), a Nao robot (moderately human-like, featur-
ing a face and body), and a Furhat robot (the most human-like, resembling a human head
with animated facial expressions). In [38], the participants interacted with pre-recorded
videos of three physical forms (Amazon Echo [6], Nao robot [102], and Furhat robot [101]).
Each spoke with the same computer-generated voices (male: “Matthew”, female: “Salli”)
using AWS Polly [7], a cloud-based TTS service that converts text into natural-sounding
speech. These voices were used for Amazon Echo, Nao, and Furhat. The experiment
consisted of a baseline production block (a structured phase in the study), where partic-
ipants pronounced each of the 11 target words three times, followed by a shadowing task
in which they repeated words spoken by the TTS voice across three separate blocks (one
per physical form). Vocal accommodation was assessed using an AXB perceptual similar-
ity rating task. A (the participant’s pronunciation before exposure to the TTS voice), X
(the TTS model’s pronunciation), and B (the participant’s pronunciation after exposure).
Their task was to determine whether A or B sounded more like X. The independent raters
determined whether participants’ post-exposure pronunciation more closely resembled the
TTS voice than their pre-exposure pronunciation, providing a global measure of speech
adaptation rather than analyzing individual acoustic features (e.g., pitch contour, vowel
articulation, speech rate, consonant duration, etc.) [33]. A similar study [120] examined
how social and generational factors influence speech adaptation in both human-human and
human-Al interactions. It investigated speech alignment across age (older adults: 53-81
years, younger adults: 18-39 years) and gender using a word shadowing task with human
and voice-Al (Apple’s Siri [9]) voices (one male, one female for each category). Alignment
was measured via an AXB perceptual similarity rating task, where independent raters
determined whether participants’ post-exposure pronunciation more closely resembled the
model talker than their pre-exposure pronunciation. It is to be noted that this study fo-
cused on the word shadowing task. In our explorations, we will explore some open-ended
tasks as well.

With the long-term goal of advancing adaptive conversational interfaces, [12] explores
how elementary-school children adapt their response latencies when interacting with an-
imated characters using extrovert and introvert T'TS voices, examining the influence of
child-age, gender, and TTS voice gender on conversational adaptation. Results indicate
that children dynamically adjust their response timing by lengthening their conversational
latencies when interacting with slower-paced, introverted TTS voices and shortening them
when interacting with faster-paced, extroverted TTS voices. Another study [20] suggests
that speech accommodation occurs even in the absence of interactional goals, as partici-
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pants in a virtual reality environment adjusted their speech rate to match that of a virtual
agent, VIRTUO, despite its inability to understand or respond flexibly to their linguistic
behaviour. In a different context, lexical entrainment was observed in [(67], where people
and robots come to use the same referential terms when repeatedly discussing the same
object, with faster entrainment for distant or unfamiliar objects, which helped improve
object recognition.

2.3.2 Speech Therapy and Fluency Shaping Techniques

Stuttering in children is related to a lack of language facility, articulatory proficiency, har-
mony, and structure in the environment [12]. Research suggests that modifying a child’s
surroundings can promote fluency, as highlighted in various studies and discussed in a stut-
tering therapy handbook [62]. A goal-directed approach utilises home and school resources
to facilitate fluency with key strategies such as slow speech, simple language, frequent
pausing, indirect fluency management, and encouragement. Effective intervention requires
a coordinated effort among parents, teachers, and clinicians, combining environmental
management and fluency facilitation to support speech development [12]. Additionally, a
family-focused treatment approach for preschool children who stutter, emphasises parent
education, communication modifications, and supportive responses to improve fluency. A
preliminary evaluation showed significant fluency improvements, with most children bene-
fiting from parent-focused strategies alone and parents reporting high satisfaction with the
treatment [122]. Among adults who stutter, speech restructuring methods—particularly
prolonged speech and gentle onset techniques—are strongly supported by empirical re-
search for improving fluency, while comprehensive programs also integrate cognitive and
anxiolytic strategies to address speech-related anxiety and avoidance behaviours [20].

A multifaceted fluency intervention [5%] for preschoolers emphasises the role of care-
givers, educators, and daycare staff in modifying environmental demands through educa-
tion, emotional support, and behavioural adjustments. Sawyer et al. [100] investigated
a parent-focused slow relaxed speech intervention for preschoolers who stutter, demon-
strating that caregivers could be trained to reduce articulation rates, with most children
showing fluency improvements. However, no direct relationship was found between care-
givers’ speech rate and children’s fluency gains, suggesting that language simplification,
reduced vocalization length, minimised simultalk (overlapping speech between speakers),
and increased pausing may also play a role. It was found that when mothers substantially
slowed their speech rates (by 50%), five out of six typically developing 3-year-old children
also significantly reduced their speech rates [63]. These findings indicate that caregivers’
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speech modifications can influence children’s speech patterns, supporting their potential
role in speech therapy for fluency development.

Social robots can serve as assistive tools in fluency interventions, providing structured
and interactive therapy that supports speech rate control, articulation, and social interac-
tion to enhance fluency and reduce anxiety [74]. Further, a review [53] of the potential of
socially assistive robots in speech and language therapy, emphasizing their structured, en-
gaging, and Al-enhanced capabilities. Given the influence of caregiver speech patterns on
children’s fluency, social robots could supplement interventions by modelling slow, relaxed
speech in a consistent and adaptive manner.

In the next chapter, we will discuss my study on greeting preferences among two dif-
ferent cultural groups recruited from the university population in a remote study. In this
study, the two groups are greeted with different ethnic greetings in different locational con-
texts. This chapter will highlight the ethical challenges and careful considerations needed
for cultural integration in HRI. When it comes to adaptations, our study brings about the
need for a discussion on the balance of autonomy between humans and intelligent agents.
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Chapter 3

Study 1: Greeting Preferences in a
Hospitality Context: A
Cross-Cultural Study with a Social
Robot

In this chapter, I begin my journey of finding applications for social robots as tools to
promote more inclusive communication. Through the study discussed in this chapter, I
designed an online study to examine participants’ preferences for cultural greetings in two
different culturally themed restaurant backgrounds. The primary goal was to explore the
impact of location and context that should be taken into account when implementing cul-
tural adaptation systems in social robots. Using prerecorded videos of the Pepper robot
with backgrounds representing Chinese and Arabic restaurants, and greetings associated
with Chinese, Arabic, and popular Western culture, I gathered participants’ preferences
using the likability subscale of the Godspeed questionnaire [13]. The results of the study
suggest that the accuracy of implementation, lack of alignment between the entire com-
munication and the cultural themes, and participants’ backgrounds can impact their pref-
erences for cultural greetings. To recall, in this study, participants who identified with
the greetings “Huan Ying” or “As-salamu alaykum” are referred to as HY and ASA,
respectively.

18



3.1 Research Questions

This study aims to fill the gap in the current literature on cultural integration in HRI by
exploring different robot greeting scenarios with participants from different backgrounds.
We focus on answering two main research questions:

RQ1: Will individuals from HY and ASA groups prefer a Western greeting or their
own ethnic greeting in a restaurant whose theme resonates with their ethnic greeting?

RQ2: In a restaurant whose theme does not resonate with their ethnic greeting or
Western greeting, will people in HY and ASA groups prefer a Western greeting, one that
matches the restaurant’s theme, or their own ethnic greeting?

For RQ1 we formulate a hypothesis based on [110]: Participants will prefer their ethnic
greetings in a restaurant setting whose theme resonates with their own ethnic greeting
(H1). RQ2 is exploratory in nature.

3.2 Method and Implementation

In this section, we provide an overview of our study, exploring how the theme of a restau-
rant might affect participants’ preferences for different ethnic greetings. Conducted virtu-
ally using Qualtrics [90], participants viewed pre-recorded videos of Pepper, a humanoid
robot (made by SoftBank robotics) [2] greeting them at two different ethnically-themed
restaurants. After watching each video, participants completed a questionnaire about the
likeability of the greetings. The study was structured to expose each participant to two
main scenarios, as explained below, to gather insights into cross-cultural greeting prefer-
ences influenced by the restaurant’s theme. For representation and analysis, the greeting
categories are labelled as “Own” (greetings matching the participant’s ethnic greeting),
“Popular” (the popular Western “Hello”), or “Other” (greetings reflecting the restaurant’s
ethnic theme), cf. Figure 3.1.

Scenario 1: Participants were greeted by a robot in two ways in a restaurant that
reflected a culture in which their ethnic greeting was used: (a) with their ethnic greeting
(Own) gesture, and (b) with common Western greeting practices (Popular)

Scenario 2: Participants were greeted in three ways in a restaurant with a cultural
theme that was neither Western nor reflected the culture in which participants’ ethnic
greeting was used: (a) with a greeting consistent with their ethnic greeting (Own), (b)
with common Western greeting practices (Popular), and (c) with a greeting typical of the
restaurant’s cultural theme (Other).
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Scenario 1 Scenario 2

Figure 3.1: Scenarios and different greeting categories studied within the scenarios. The
order of the scenarios and greeting categories was randomized.

There were two main reasons why we opted for a remote study. Firstly, the running time
of the study was around 15 minutes and recruiting participants for this short duration for
an in-person study in our lab did not appear to be the optimal choice. Secondly, creating a
lab setting which resembled an authentic Chinese and Arabic restaurant was not feasible.

3.2.1 Artifacts

We used a Pepper robot due to its friendly and welcoming appearance which is desirable
in the hospitality industry. We programmed the Pepper robot’s greeting gestures using
Choregraphe software [1] and recorded these gestures performed by the robot in front of a
green screen in our lab. We took photos of an Fast Asian and a Middle Eastern restaurant
in the Waterloo region with permission from the managers at the restaurants. These photos
served as backgrounds in our videos. We replaced the green screen using Apple iMovie !
in the videos as seen in Figure 3.2 and the outcome after video editing can be seen in the
screen capture shown in Figure 3.3. These videos, each lasting around 27 seconds, were
edited and uploaded to YouTube ? for embedding in the Qualtrics survey platform along
with questionnaires. We used the robot’s English language package for all communication
to keep the voice and language consistent.

! https://www.apple.com/ca/imovie/
2 https://bit.1ly/3wX1rbC
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Figure 3.2: Pepper robot being recorded in front of a green screen
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Figure 3.3: Snapshots of the Pepper robot performing various welcoming greeting gestures:
(a) Huan ying guang lin in a Chinese restaurant (b) As-salamu alaykum in an Arabic
restaurant, and (c) Hello in a Chinese restaurant.
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3.2.2 Procedures and Measures

The study was approved by the University of Waterloo Human Research Ethics Board.
Participants were recruited from the University of Waterloo students. Note that the stu-
dent population at the University of Waterloo is very diverse, with many international
students, some of whom might only have recently moved to Canada. Recruitment strate-
gies included posting flyers (see Appendix B) in specified campus areas, using university
email lists, coordinating with departmental offices and the university’s ‘daily bulletin’, and
partnering with cultural student associations for the distribution of study materials and
promotion via word of mouth. Participants interested in the study were sent an email
containing a survey link. The survey began with a consent form, followed by a prompt
asking participants to select a greeting that reflects their ethnic background from options
“Huan Ying”, “As-salamu alaykum” or “Other.” If a participant chose “Other,” the sur-
vey concluded, directing them to a page explaining the study’s focus on participants who
identify with one of those greetings. Participants who passed this step were then asked
to complete demographic and the Ten Item Personality Inventory (TIPI) [57] to measure
Big 5 personality traits. In the demographics section, participants were asked to share
information on their Gender, Age, Ethnicity, Occupation, and Education level, entering
their responses in the provided text boxes. The form also asked participants to list the
countries in which they had resided for a minimum of six months, along with the duration
of each stay. This specific data was intended to calculate the percentage of each partic-
ipant’s life that had been spent living in Western countries. Participants were informed
that answering demographic questions was optional, and they could skip any they did not
feel comfortable providing. We then assessed their closeness to their culture by asking
them to rate their connection to both Western culture and their own culture on a bipolar
continuous slider scale, with options ranging from “A little” to “A lot.”

The study then proceeded to the main part. In a one-minute introductory video 2,

the Pepper robot introduced itself and the experiment to the participants, to help the
participants know what to expect in the study and get accustomed to the audio and
visuals of the robot. As explained before, each participant went through the two scenarios
with each greeting presented in a separate video.

Scenario 1: The participants in the HY group were welcomed in a Chinese restaurant
with their ethnic greeting “Huan ying guang lin”, and, separately, the popular “Hello”
greeting. Similarly, the ASA participants were welcomed in an Arabic restaurant with
their ethnic greeting “As-salamu alaykum”, and the popular “Hello” greeting.

Scenario 2: The participants in the HY group were welcomed in an Arabic restaurant
with the ethnic greeting prevalent in Arabic culture, “As-salamu alaykum”. They were also,
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in separate videos, greeted with their ethnic greeting “Huan ying guang lin” and the popular
“Hello” greeting. Similarly, the ASA participants were welcomed in a Chinese restaurant
in the ethnic greeting prevalent in Chinese culture, “Huan ying guang lin”. They were
greeted with their ethnic greeting “As-salamu alaykum” and the popular “Hello” greeting.

All greetings were paired with culturally specific gestures (“Huan ying guang lin” with
a bow and “As-salamu alaykum” with a gentle bow and the right hand on the heart), per-
formed by the Pepper robot. The cultural greetings were followed by the welcome message
in English so that participants from both the HY and ASA groups could understand it.
The English language package of the Pepper robot was used consistently across all study
conditions for implementing the cultural greetings and the welcome message. To match the
correct pronunciation of the cultural greetings, instead of writing the exact words for the
greetings “Huan ying guang lin” and “As-salamu alaykum”, I broke them up into smaller
chunks and worked with lab members who are familiar with these cultures to get the pro-
nunciation and gestures close to the actual pronunciation of the cultural greetings. The
order of greetings and scenarios was randomized via the Qualtrics portal’s Randomizer
feature, ensuring all permutations were evenly distributed to reduce order bias. Following
each greeting video, participants’ impressions were assessed using the Godspeed Question-
naire subscale for Likeability [13], which is a widely used measure in HRI. To evaluate
participants’ attentiveness during the online study, we included attention check questions
following each likeability questionnaire. These questions asked participants to identify the
type of restaurant where the Pepper robot greeted them, with four options. Participants
could choose to replay the video, or proceed directly to the questionnaire. To maintain
focus on the videos, the videos paused automatically if the participant navigated away from
the active window or tab. An example of the user interface with the embedded YouTube
video along with the Godspeed Likeability questionnaire and attention check question can
be seen in Figure 3.4. To gain insight into the participants’ thought processes behind
their preference ratings, we asked two open-ended questions after they had watched all the
videos concluded:

Question 1: “In a restaurant setting that matches your ethnic background (for example,
a Chinese/Arabic-themed restaurant), would you prefer to be welcomed by a social robot
that aligns with your ethnic background or follows popular Western culture customs, or do
you have any other preferences? Please provide your choice and reasons to support your
preference.”

Question 2: “In a restaurant setting that does not match your ethnic background (for
example, an Italian or Japanese-themed restaurant), would you prefer to be welcomed by
a social robot that aligns with your ethnic background or follows popular Western culture
customs, or do you have any other preferences? Please provide your choice and reasons to
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support your preference.”

At the end of the study, we thanked the participants for their participation. They
received 6 CAD for dedicating around 15 minutes of their time to the study.

3.2.3 Participants

We advertised widely for several months across the university campus and communities.
103 participants took part in this study (HY = 66 and ASA = 37). To ensure data quality,
participants who incorrectly answered at least three out of five attention check questions
were excluded. Participants with exactly two mistakes were also excluded, except for those
who had confused between Chinese and Arabic restaurants in one of the attention checks.
The answer to all attention check questions was either “Chinese” or “Arabic” restaurant.
In order to be considerate about confusing between the two options, we allowed participants
who got two attention checks wrong, provided that at least one of the incorrect responses
was either “Chinese” or “Arabic” restaurant.

After the filtering process, 94 participants remained: 58 HY and 36 ASA. For the HY
participants, there were 26 males, 29 females, and 3 who did not indicate their gender.
Their age was in [18, 30] with Mg = 21.8 and SD = 2.7. In the ASA group, there were
19 males and 17 females, age [18, 36] with M,e = 23.51 and SD = 5.09.

3.2.4 Statistical Analysis of Questionnaires

After watching each video, participants answered the Likeability subscale of the Godspeed
Questionnaire to rate the observed robot greeting. We gathered their responses on continu-
ous scales ranging from 0 (negative attributes) to 100 (positive attributes) such as Dislike
— Like, Unfriendly — Friendly, Unkind — Kind, Unpleasant — Pleasant, Awful — Nice as
seen in Figure 3.4. These ratings were a part of the Likeability Subscale of the Godspeed
Likeability questionnaire [13]. The average of these scales was recorded as the “Overall
Rating”. We examined the distribution and normality of Overall Rating based on ethnicity
and scenarios using histogram and density plots, see Figure 3.5. We can also refer the Q-Q
plots in Figure 3.6. Visually, the plots suggest that the overall ratings may follow a normal
distribution. However, to confirm the normality statistically, we performed a Shapiro-Wilk
normality test. The results are presented in Table 3.1.

The Shapiro-Wilk test results indicate that the ratings given by HY participants in
both scenarios and participants of the ASA group in a setting that is different from their
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Category \%% p-value
HY (Scenario 1)  0.95829  0.001
HY (Scenario 2)  0.96198  0.0001
ASA (Scenario 1) 0.98090  0.3434
ASA (Scenario 2) 0.95981  0.0024

Table 3.1: Results of the Shapiro-Wilk normality test for overall rating distributions.

ethnic background significantly deviate from normality (p < 0.05). However, the ratings
for the ASA group for Scenario 1, where they were greeted in a restaurant setting that
matches their ethnic background, follow a normal distribution (p = 0.3439). Although
the Shapiro-Wilk test suggests that normality is violated in most of our cases, this does
not necessarily rule out the use of linear mixed-effects models (LMMs) [15]. Since LMMs
assume normality of residuals rather than the raw data, we will assess the residuals of our
models in both Scenario-1 (Own Category) and Scenario-2 (Other Category) for the HY
and ASA groups. We will check this using histograms, Q-Q plots, and residuals vs. fitted
plots.

LMMs were used to investigate the effect of greeting category (Own, Other or Popu-
lar) in different scenarios. We included several potential confounding factors such as the
Percentage of life lived in Western countries ((%) Life in Western Countries), Closeness
to Western Culture, Closeness to Own Culture, Age, Gender, and the Big 5 personality
traits of each participant. To reduce the Akaike’s Information Criterion (AIC) [21], only
a subset of these factors were kept in the models. We built four separate models, one
model for each of the two groups in each of the two scenarios. We validated the models
by standard diagnostic tests, including the examination of residuals through histograms
and Q-Q plots for assessing normality, and scatter plots of residuals versus fitted values
to check for homoscedasticity, ensuring that the assumptions underlying linear regression
were met. As seen in Table 3.2, the Shapiro-Wilk test results indicate that the residuals for
HY in Scenario 2 significantly deviate from normality (p < 0.05), whereas the residuals for
HY in Scenario 1, ASA in Scenario 1, and ASA in Scenario 2 follow a normal distribution
(p > 0.05). We can also perform the assumption checks of our models visually by assessing
the normality and distribution of residuals in the Appendix C.
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Category \%% p-value
HY (Scenario 1)  0.99086  0.757
HY (Scenario 2)  0.97102  0.002
ASA (Scenario 1) 0.98895  0.839
ASA (Scenario 2) 0.98988  0.602

Table 3.2: Results of the Shapiro-Wilk normality test for residuals of final models.

3.3 Results

The overall likability of the robot is plotted in Figure 3.7, displaying the overall ratings
by both communities in both scenarios. As observed in Figure 3.7, in the first scenario,
a tendency was noted among the ASA participants to prefer their own ethnic greeting,
whereas the HY participants showed a preference for the “Popular” greetings. In the
second scenario, neither of the communities appeared to have any strong preferences for any
particular greeting category. With different trends observed, a more in-depth analysis of the
four different situations (HY and ASA participants in Scenarios 1 and 2) was conducted
separately. The final models are reported in Tables 3.3 and 3.4 for the two scenarios.
The results of the Thematic Analysis, based on participants’ responses to two open-ended
questions mentioned above, are presented later in this section.

3.3.1 Likability of Robot Greeting in Scenario 1

HY Participants greeted in Chinese Restaurants: As seen in Table 3.3, the “Popu-
lar” Western greeting significantly enhanced participant’s likability of robot greeting com-
pared to when robot used their ethnic greeting (SE = 1.539, t = 2.359, p = .022). Par-
ticipants who had spent more time in Western countries reported lower likability (SE =
0.053, t = -3.043, p = .004). Participants’ Emotional Stability (SE = 1.453, t = 3.096, p
= .003) and Conscientiousness (SE = 1.610, t = 2.731, p = .009) significantly and posi-
tively improved ratings. However, increased Openness to Experiences was found to reduce
ratings (SE = 1.586, t = -3.125, p = .003).

ASA Participants in Arabic Restaurant: As presented in Table 3.3, the only effect
observed was that ASA participants did not like the ‘Popular’ Western greeting as much
as they liked their ethnic greeting (SE = 2.993, t = -2.236, p = .033).
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Figure 3.7: Participants’ overall ratings by groups for both scenarios. *: p < .05.
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Table 3.3: LMMs predicting participants’ overall ratings in Scenario 1

Covariate Estimate  SE t P
(HY Participants in Chinese Restaurant)

Popular Western Greeting 3.630 1.539 2359 *
(%) Life in Western Countries ~ -0.161  0.053 -3.043 **
Age -1.437 0.729 -1.970 .
Emotional Stability 4499 1453 3.096 **
Conscientiousness 4.398  1.610 2.731 **
Openness -4.955  1.586 -3.125 **
(ASA Participants in Arabic Restaurant)

Popular Western Greeting -6.690  2.993 -2.236 *

(%) Life in Western Countries  -0.093  0.067 -1.387
Popular Western Greeting;:
(%) Life in Western Countries

Participant’s own ethnic greeting is the baseline.

-0.057  0.051 1.118

2op <17 p <05 FF p < .01; R p < .001

3.3.2 Likability of robot greeting in Scenario 2

HY Participants in Arabic Restaurant: For HY participants in an Arabic restaurant
setting, Table 3.4, Age significantly and negatively affected their overall ratings (SE =
0.710, t = -2.791, p = .014). No significant impact of the greeting category on the overall
ratings was seen. Increased Emotional Stability was positively associated with overall
ratings (SE = 1.413, t = 3.217, p = .006). Openness had a significant negative impact,
reducing the overall ratings (SE = 1.542, t = -3.136, p = .005) while the percentage of life
lived in Western countries was significantly correlated with decreased overall ratings (SE
= 0.051, t =-2.446, p = .021).

ASA Participants in Chinese Restaurant: In the setting of a Chinese restaurant,
the greeting category did not have a noticeable impact on overall ratings by ASA partic-
ipants, see Table 3.4. However, Agreeableness was significantly and negatively correlated
with overall ratings (SE = 1.853, t = -3.028, p = .005). Male participants in this group
provided significantly higher overall ratings compared to female participants (SE = 4.193,
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Table 3.4: LMMs predicting participants’ overall ratings in Scenario 2

Covariate Estimate  SE t D
(HY Participants in Arabic Restaurant)

Chinese Greeting -1.506  1.560 -0.965
Popular Western Greeting -2.928  1.560 -1.878 .
(%) Life in Western Countries  -0.126 ~ 0.051 -2.446  *
Conscientiousness 2.361 1.566  1.508

Age -1.980  0.710 -2.791 **
Emotional Stability 4547 1413 3.217 **
Openness -4.837  1.542 -3.136 **
(ASA Participants in Chinese Restaurant)

Muslim Greeting -0.683  2.165 -0.316
Popular Western Greeting -0.222 2,165 -0.103
Agreeableness -5.613  1.853 -3.028 **
Gender (Male) 11.816  4.193 2.818 **
Emotional Stability 5.968 1.63  3.663 ¥

Greetings aligned with the restaurant theme and Gender (Female)

are the baseline. .: p < .1; *: p < .05; **: p < .01; ¥**: p < .001

t = 2.818, p = .008). Emotional Stability also had a significantly positive impact and
increased the overall ratings (SE = 1.63, t = 3.663, p < .001).

3.3.3 Thematic Analysis of Open-ended Questions

To better understand why people preferred certain greetings in specific situations, we an-
alyzed responses to open-ended questions using a six-step Thematic Analysis [23]. By
analyzing responses to two distinct questions separately, we identified key likes, dislikes,
and reasons for greeting preferences, uncovering broad themes and subthemes that reveal
participants’ overall motivations behind their choices. One researcher conducted the The-
matic Analysis of all the data and another researcher independently reviewed a quarter of
it. We checked how well the two analyses agreed by using Kappa's agreement score [77] to
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measure the consistency.

The results of calculating weighted kappa were 0.926 (SE = 0.07, 95% CI = [0.787, 1])
and 0.939 (SE = 0.107, 95% CI = [0.729, 1]) for the two scenarios, which shows “almost
perfect agreement” according to [77]. We assigned codes for themes and subthemes of
Question 1 as [CX] and [CX.Y] and Question 2 as [DX] and [DX.Y], respectively, where
X and Y are numbers. We have mentioned the percentage of responses that contained
those themes and subthemes in parenthesis for both groups. The themes and subthemes
along with these percentages have been summarised in Tables 3.5 and 3.6. In the tables 3.5
and 3.6 along with subthemes we have added an “overall” row for reporting percentages
of overall occurrence of that particular theme. We have also quoted some comments that
provided critical insights for analysis and discussion.

Question 1: In a restaurant setting that matched a cultural background where the
participant’s ethnic greetings were used, the following themes and subthemes emerged.
A significant theme was the Preference for Own Ethnic Greetings [C1] (HY = 63.79%,
ASA = 72.22%), where participants valued cultural consistency [C1.1] (HY = 27.59%,
ASA = 36.11%), alignment with their ethnicity and the restaurant’s theme to emphasise
authenticity, respect for the culture, and consistency with the theme of the restaurant. This
also included a familiar and homely feeling [C1.2] (HY = 17.24%, ASA = 8.33%), fostering
a sense of home, familiarity, and friendliness, which is especially valued in foreign settings.
Conversely, there was a Preference for Western Greetings [C2] (HY = 15.52%, ASA =
11.1%), appreciated for their neutral and universally understood nature, preferred for their
familiarity and broad appeal. The importance of Human Interaction Preference [C3] (HY
=6.90%, ASA = 13.89%) highlights the demand for the warmth of interacting with humans
instead of robots in hospitality settings. “I prefer to not have a social robot, and rather,
a real human. This makes the experience more personable. (C8)”. Some participants
expressed No Strong Preference [C4] (HY = 13.79%, ASA = 11.11%), indicating flexibility
and openness to various greeting forms, while others were Uncomfortable with Cultural
Adaptation [C5] (HY = 1.72%, ASA = 2.78%), feeling uneasy with cultural adjustments
in greetings.

The Restaurant Background [C6] (HY = 1.72%, ASA = 2.78%) also had an influence
on greeting preferences, with factors like the demographic location [C6.1] (ASA = 2.78%)
and ambiance [C6.2] (HY = 1.72%) of the restaurant playing crucial roles. The location
impacted cultural expectations and preferences, while the ambiance, whether high-end or
casual, shaped the appropriateness and reception of different greeting types. “I think it
depends on the restaurant. ['ve grown accustomed to restaurants in a Western country
greeting by Western customs. Also depends on how high-end the restaurant is. If it’s just a
fast food chain, im not expecting any thing. But if it’s high end I’'m expecting a very cultural
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Theme Subtheme HY % | ASA %
Do o O Cultural Consistency 27.59% | 36.11%
reietenee Jot Vi Familiar and Homely | 17.24% | 8.33%
Ethnic Greetings )
Feeling
Overall 63.79% | 72.22%
Preference for Western | Overall 15.52% | 11.1%
Greetings
Human Interaction Pref- | Overall 6.90% | 13.89%
erence
No Strong Preference Overall 13.79% | 11.11%
Uncomfortable with Cul- | Overall 1.72% | 2.78%
tural Adaptation
The R Demographic Location - 2.78%
t t
© hestautatl Ambiance 1.72% -
Background
Overall 1.72% | 2.78%
Voice 18.97% | 11.11%
Language 3.45% | 2.78%
Enhanced
I . Gesture - 2.78%
mplementation
Appearance 1.72% -
Overall 25.86% | 16.67%

Table 3.5: Greeting Preferences in Scenario 1
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experience (C6, C6.2)” Additionally, requests for Enhanced Implementation [CT7] (HY
= 25.86%, ASA = 16.67%) were identified, including areas of voice [C7.1] (HY = 18.97%),
ASA = 11.11%), language [C7.2] (HY = 3.45%, ASA = 2.78%), gesture [C7.3] (ASA
= 2.78%), and appearance [C7.4] (HY = 1.72%), pinpointing the need for improvements
in tone and accent of robot’s voice, multilingual support, naturalness of movements, and
better appearance of the robot. “I prefer the welcoming message to align with the culture

(C1), however, the sound of the robot was weird, and the accent as well made it a little
confusing. (C7, C7.1)”

Question 2: In a parallel examination of greeting preferences in a restaurant set-
ting of some other community, the Preference for Other Ethnic Greetings [D1] (HY =
43.10%, ASA = 58.33%) revealed an appreciation for ethnic greetings that align with the
restaurants’ cultural backgrounds and the restaurant’s theme, stressing cultural consistency
[D1.1] (HY = 25.86%, ASA = 25%) and cultural learning [D1.2] (HY = 6.90%, ASA =
13.89%). The Preference for Western Greetings [D2] (HY = 34.48%, ASA = 16.67%) illus-
trated topics ranging from lack of willingness to explore new cultures and the universality
of Western greetings, through the subthemes of cultural disinterest [D2.1] (HY = 3.45%,
ASA = 2.78%) and familiar comfort [D2.2] (HY = 10.34%), suggesting a preference for
universally compliant interactions. The Human Interaction Preference [D3] (HY = 6.90%,
ASA = 8.33%) and No Strong Preference [D4] (HY = 13.79%, ASA = 19.44%) echoed
the themes identified earlier, reinforcing the value placed on genuine human connections
and flexibility in greeting preferences. A Preference for Own Ethnic Greetings [D5] (HY
= 1.72%, ASA = 11.11%) further emphasised personalised ethnic greetings in enhancing
customer experiences. “If I am not familiar with the culture I would not have any prefer-
ence because I am ignorant (D4). But it would be nice to explore the culture with a robot
that aligns with the culture so we can learn more about it (D1, D1.2)”

The Restaurant Background [D6] (HY = 6.90%), including the demographic location
[D6.1] (HY = 5.17%) and ambiance [D6.2] (HY = 1.72%) of the restaurant, and En-
hanced Implementation [D7] (HY = 10.34%, ASA = 19.44%), covering voice [D7.1] (HY
= 3.45%, ASA = 5.56%), language [D7.2] (HY = 8.62%, ASA = 13.89%), also were mir-
rored in earlier themes, underlining the influence of setting on greeting preferences and
identifying similar areas for improvement in cultural integrated systems. Lastly, Uncom-
fortable with Cultural Adaptation [D8] (HY = 13.79%, ASA = 8.33%) introduced concerns
over unsettling feeling [D8.1] (HY = 3.45%) and privacy concerns [D8.2] (HY = 10.34%,
ASA = 8.33%), reflecting discomfort with the adaptation process and ethical considera-
tions in culture detection and adaptation. “I would prefer for the social robot to align with
the cultural background of the restaurant (D1), or to just follow popular Western culture
customs (D2). I would find it somewhat strange/overassuming if it followed my cultural
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Theme Subtheme HY % | ASA %
Do for OtL Cultural Consistency 25.86% 25%
reference for Other .
Ethnic Greetings Cultural Learning 6.90% | 13.89%
Overall 43.10% | 58.33%
oo for W Cultural Disinterest 3.45% 2.78%
Creatim et | Pamiliar Comfort 10.34% | -
reetings
Overall 34.48% | 16.67%
Human Interaction Pref- | Overall 6.90% 8.33%
erence
No Strong Preference Overall 13.79% | 19.44%
Preference for Own Eth- | Overall 1.72% | 11.11%
nic Greetings
Demographic Location 5.17% -
Restaurant Background | Ambiance 1.72% -
Overall 6.90% -
Enhanced Voice 3.45% | 5.56%
nhance
Implementation Language 8.62% | 13.89%
Overall 10.34% | 19.44%
U — N Unsettling Feeling 3.45% -
ncomfortable wit )
Cultural Adaptation Privacy Concerns 10.34% | 8.33%
Overall 13.79% | 8.33%

Table 3.6: Greeting Preferences in Scenario 2
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background at a place that was not Chinese just because I am Chinese. Personally, I would
find it conflicting with the cultural background of the restaurant I'm at (D1.1), as well
I would be confused as to why it automatically referred to Chinese cultural customs only
based on my looks and not my preference.(D8, D8.2)”

3.4 Discussion

Our findings shed light on people’s likability and their preferences towards ethnic greetings
of a humanoid robot with respect to locational context. We explored how participants’
identity (HY or ASA), percentage of their life lived in Western countries, personality,
the theme of the restaurant, and implementation of cultural elements could shape these
preferences. As I discuss the results, it is important to note the use of the English language
package for implementing the greetings using the Pepper robot. Additionally, the design
choice to keep the rest of the communication in English was made so that both the HY and
ASA communities could understand the entire welcome message in both the Chinese and
Arabic restaurant settings. This may have influenced participants’ preferences for cultural
greetings in both the scenarios (see Figure 3.1). The results reported and discussed in this
study can be analyzed with these limitations in mind. The thematic results [C7.1, C7.2,
D7.1, D7.2] of the open-ended responses support the impact of this limitation.

Greeting Preferences in Scenario 1: We discuss here how our findings develop
insights around RQ1. In Scenario 1, when participants experienced the greetings in a
restaurant whose theme resonated with their ethnic greeting, unlike the initial hypothesis
H1 predicting that all participants would prefer their ethnic greetings in this scenario,
our results indicate a more complex picture. In particular, HY participants indicated a
preference for “Popular” Western greetings in such scenarios. This unexpected preference
highlighted the impact of the percentage of life lived in Western countries on individual
cultural preferences and the broad appeal of Western greetings, as will be explained. ASA
participants, however, showed an alignment with our hypothesis, i.e. preferring greetings
consistent with their own ethnic greeting in Scenario 1. Thematic Analysis results concern-
ing the aspects of cultural implementation [C7, C7.1, C7.2] indicated that the aspects
of tone and not having entire communication in their native language had a consequential
impact on HY participants’ preference. When individuals were dissatisfied with aspects of
the ethnic greeting’s implementation, which was more common in HY participants, they
often opted for the widely recognised Western behaviour in social robots, as it could pro-
vide a more seamless and genuine interaction experience. Therefore, the difference in the
preference for greetings between the two experimental groups in Scenario 1 could be due

38



to the perception of the voice and language used by the robot and the percentage of life
lived in Western countries by the participants.

Greeting Preferences in Scenario 2: In a restaurant whose theme did not align
with their own or Western greetings, Scenario 2 and RQ2, neither group showed a strong
preference for any particular greeting, highlighting the complex factors influencing greeting
preferences. In this scenario, we even observed in the thematic analysis that both groups
had a lower preference for their ethnic greetings [D5]. Our results suggest that participants
might value the authenticity of the experience or the aspect of learning about a new culture
over the comfort of familiar greetings [D1, D1.1, D1.2] in unfamiliar cultural contexts.
This insight points to the potential for social robots to serve as cultural ambassadors,
facilitating cultural exchange and understanding in diverse settings.

The Role of Personality Traits and Demographics: Our analysis revealed a
significant role of certain personality traits, such as Emotional Stability and Conscien-
tiousness, and demographics, including age, in shaping participants’ greeting preferences.
These findings indicate that individual psychological traits and life experiences critically
influence perceptions of social robot greetings. For example, the fact that older HY partic-
ipants were less satisfied with greetings in an Arabic restaurant setting suggests that age
might have an impact on their openness to other cultures or their willingness to adapt to
new situations. However, other explanations for this finding are possible and need to be
explored further.

Implications for Social Robot Interaction Design: The participants’ feedback
on areas for enhanced implementation, including improvements in voice, language, ges-
ture, and appearance, highlights the challenges in creating social robots that are not only
culturally adaptable but also respectful of cultural nuances. The tone and accent of the
robot’s voice impacted the likability of the greetings [C7.1], especially in the context of
interactions happening in a setting where there was an alignment with the participant’s
background. Designers and developers of social robots should consider these factors to
ensure that robots can handle global cultural diversity effectively.

Results from our thematic analysis raised important ethical considerations, particularly
regarding the discomfort some participants felt with cultural adaptation by robots. These
issues highlight the need for cautious deployment of social robots to respect cultural di-
versity and personal preferences while safeguarding privacy and autonomy [C5, D8]. Not
everyone will appreciate it if the robot assumes their ethnic greeting and starts adapt-
ing. I realised something similar after reading about cultural adaptations through complex
greeting gesture selection systems in social robots in [117] and that led me to pursue this
study.
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3.5 Limitations and Future Work

e The videos shown to participants cannot fully capture the unique atmosphere and
subtle aspects of experience of interacting with real robots in real-world restaurant
applications. This could potentially affect the validity of our conclusions.

e Focusing primarily on university students limits the diversity of perspectives on cul-
tural integration in social robots.

e The number of participants was unbalanced, with fewer individuals from the ASA
group.

e The greetings in our study were delivered using the same voice and accent due to
technical constraints. As mentioned earlier, the greetings were implemented using the
English language package of the Pepper robot that could induce an English accent
in pronunciation.

e Continuing communication in English after the initial cultural greeting could diminish
the authenticity of the greetings, making the interaction appear more as a formality
or a forced effort.

Future research may address these issues by including participants from diverse back-
grounds and ages, ensuring balanced representation among all groups, and exploring a
wider range of settings such as hotels, stores, and airports. Additionally, robot greetings
could be enhanced by incorporating specific cultural accents and phonetics to create a more
authentic interaction. Further studies should investigate how people’s preferences evolve
as social robots become more common across different cultures and how long-term expo-
sure influences perceptions of authenticity and acceptance. These explorations will provide
valuable insights into the role of social robots in diverse environments and contribute to
their effective cultural integration.

We observed how sensitive cultural integrations could be in HRI and how they impact
communication, which eventually affects the perception of social robots. This chapter
marks the end of our segment on cultural integration research in HRI under our broad
theme of “Inclusivity in Communication”. On the other hand, it also marks the starting
point where, from the next chapter, I will report my studies around finding applications of
social robots in speech therapy.
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Chapter 4

Study 2: Design Considerations for
Applications of Social Robots in the
Stuttering Clinic

Social robots have been used in HRI for speech therapy [27, , 123], but there is a lack
of foundational groundwork on which new research can be built. In other words, if we
aim to study different aspects of HRI in the context of speech therapy—such as non-verbal
gestures, gaze, cultural integration, empathy, and emerging technological advancements
in sensing and detection to improve interactions—we do not yet know which applications
would be useful or what design considerations should be taken into account.

To provide context for this chapter, it is important to note that SLPs (Speech and
Language Pathologists) are professionals who conduct speech therapy sessions. In this
thesis, we observed stuttering therapy sessions for preschoolers with SLPs. For this study,
I analyzed past research in this field conducted by members of the Social and Intelligent
Robotics Research Lab (SIRRL)! [28,29,64], combined with in-person shadowing and inter-
views with SLPs, to ground my findings in the real-world challenges that SLPs face. Based
on these insights, my goal was to explore the applications of social robots in stuttering
clinics for their use by SLPs through a co-design approach.

Following the Constructivist variant of GTM [31], I analyzed the collected data to
determine whether the emerging solutions are viable for implementation in the context
of stuttering therapy for preschoolers, given the technological limitations provided by the

https://uwaterloo.ca/social-intelligent-robotics-research-lab/
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setting and stakeholders. As a result of this study, I propose the types of applications
that can be built using social robots, how these applications could be designed, and how
the robot may communicate with stakeholders in these applications. Broadly, the results
suggest that the robot could serve as a toolbox with various interactive games or could help
model the speech of the child or parent, depending on the use case. The applications should
be interactive, engaging, and structured, and should involve SLPs or other accompanying
caregivers. The results suggest that the robot should speak in short sentences, minimise
questions and rather make supportive comments, should not interrupt when the child
speaks, and reduce stressors for the child during these interactions. The applications
should be designed to provide opportunities to increase utterances from the child so that
the SLPs can collect speech samples to track the child’s progress during the sessions.

4.1 Research Objective

Our research objective in this study was to explore the applications of social robots in
stuttering clinics and propose design considerations for these applications intended for use
by SLPs through a co-design approach. The study is an extension of our previous work by
other researchers at SIRRL [28,29,64], which initiated the research direction of exploring
the feasibility of using social robots for stuttering interventions. A Double Diamond design
process [16] was chosen to find applications of social robots in speech therapy since our
previous works at SIRRL, as it provided a structured path from exploration to execution.
The Double Diamond design suggests divergent (broad exploration) and then convergent
(focused decision-making) approaches in each diamond. The process has four phases ac-
cording to this framework: Discover (diverge), Define (converge), Develop (diverge), and
Deliver (converge) phases. Discover and Define phases are in the first diamond where we
explore problem space. Develop and Deliver phases are in the second diamond which is
focused more on the solution. This current research focuses on discovering and defining
(first diamond) potential considerations for developing applications on social robots to be
used by SLPs in their clinic in the future (second diamond). We actively involve SLPs in
the Definition phase (see Figure 4.1). By incorporating insights from the SLPs, we discuss
applications that will facilitate the adoption of social robots in speech therapy practices.
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Figure 4.1: Data Collection and Analysis Stages. The image highlights the first phase
(“first diamond”) of the Double Diamond Process Model [1(], as applied in this study.
This work is informed by prior research ( [28,29,64]) and the Handbook on stuttering

([62]).
4.2 Methodology

We followed a co-design approach and employed the Double Diamond Design Process
Model that was used in past research ([29]) at SIRRL, focusing on the problem definition
phase: Discovery and Definition (See Figure 4.1). As we wanted to build solutions to meet
the actual needs and preferences of stakeholders, it was crucial to involve them actively
in the core phases of the design process. This collaborative approach ensures that the
SLPs contribute to the design of solutions. I followed a Grounded Theory Methodology
approach for data collection and analysis to address the research objectives. I will discuss
this approach in this section and the outcomes of the analysis in the following sections.

4.2.1 Grounded Theory Methodology

In this study, I adopted data collection and analysis strategies from Charmaz’s Construc-
tivist Grounded Theory Methodology (C-GTM) [31]. The core processes—open coding,
axial coding, and selective coding—allow researchers to develop a theory grounded in
the data itself, making it very effective for developing explanatory conceptual theories in
emerging academic fields [39]. There are several key aspects of C-GTM: it recognises that
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knowledge is co-constructed by the researcher and participants rather than simply emerg-
ing from the data [39]. C-GTM accounts for the researcher’s background and perspectives
along with interactions with participants and the data will have an effect on the theory
development process. Much like classic GTM, in C-GTM there are iterative cycles of data
gathering and analysis where each cycle informs the next steps. Lastly, C-GTM encourages
researchers to remain flexible and reflexive throughout the research process.

C- GTM enabled me to contextually ground our results in the data primarily gathered
through direct SLP engagement, offering a flexible framework for identifying the practical
applications of social robots rather than formulating an abstract theory. I collected data
over six stages (denoted as DC-1 through DC-6), with each stage informed by the preceding
stage’s data analysis, see Figure 4.1.

Prior work (DC-1):

For establishing a base, in the first stage of our data collection (DC-1), I analyzed pre-
viously published exploratory work by other researchers at SIRRL regarding applications
of social robots in speech therapy [28,29,64]. Gupta et al. [61] summarised stuttering
treatment approaches over the past two decades and Chandra et al. [28] proposed higher-
level conceptualizations for incorporating social robots in stuttering interventions. The
proposals were to be refined through co-design and feedback from other stakeholders dur-
ing empirical research [28]. In [29], the authors employed co-design methods, including
surveys, individual expert interviews, and focus groups, to identify common challenges
faced by speech-language pathologists and to explore how social robots could address these
challenges. The study included four SLPs from the Institute of Stuttering Treatment and
Research (ISTAR) in Canada. The participants, all female, age range [29 52| (Mage = 38.5,
SD = 10.08). The SLPs had between 4 to 28 years of professional clinical experience with
stuttering. All participants were registered with the Alberta College of Speech-Language
Pathologists and Audiologists. None had previously interacted with robots. The questions
posed to the SLPs focused on preschool and school-age children. The study suggested that
social robots could be integrated into stuttering therapy, particularly serving as engag-
ing and motivational partners, providing consistent speech models, reinforcing social and
speech skills, acting as homework partners, and aiding in the transition through different
treatment phases, such as establishment, transfer, and maintenance. DC-1 was conducted
virtually due to the COVID-19 lockdown. This study builds on the foundational prior
work through in-person data collection, informing the project’s future direction to assess
the practicality of the suggested solutions through shadowing.
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Shadowing SLP-1 (DC-2):

To obtain the specific details needed to address the gap in existing research and following
convenience sampling, we decided to conduct in-person shadowing and interview sessions
with the SLPs (referred to as SLP-1 and SLP-2, not involved in DC-1) at KidsAbility? in
Waterloo, Ontario, Canada, starting with shadowing sessions with SLP-1. Shadowing is
a qualitative user experience research technique, where the researcher acts as an observer
only and records their observations simultaneously without interfering with the ongoing
activities [08]. Shadowing helps HRI researchers to learn about real-world contexts and
understand user preferences. The goal was to be present in the therapy room during the
sessions to gather practical insights into the available opportunities for addressing our
research objective. The first and second authors participated in four shadowing sessions
with SLP-1 and their clients and took detailed notes about their observations. The detailed
notes from the shadowing sessions were analyzed to brainstorm potential applications of
social robots in the stuttering sessions of preschoolers. This step, DC-2, was crucial in
exposing us to a range of games that are used to engage the child in the session. The
nature of games, cognitive levels of the games, interaction between participants in the
game scenarios and outcomes expected from the child through the games were some key
observations. The children shadowed were two boys and two girls, aged 3 and half years
to 5 years with M,, = 4 and SD = 0.612. Three of the four children were non-severe
stutterers with English as their first language. One child, who was a severe stutterer, did
not have English as their first language. Each session included the SLP, the child, and
one or more family members, which could consist of the mother, father, both parents or
siblings.

The shadowing sessions started with the SLP taking updates from the parents, and
asking for the severity ratings ® of the child’s speech since their last visit, while the child
was given a toy to play with. The severity rating refers to the assessment of the child’s
stuttering in their daily communication, rated by parents or SLPs. These ratings typically
range from 0 (no stuttering) to 10 (extremely severe stuttering), helping to guide treatment
decisions and track progress. The session included the SLP providing the child with toys
and games to play with, considering the child’s preferences. In Table 4.1, I have summarised
some of the games I observed being used to engage children during the sessions. I listed

2https://www.kidsability.ca/
3https://www.uts.edu.au/sites/default/files/2022-12/Child%20Stuttering%20Severity%20
Chart?%20v2%20-%20Dec%202022. pdf
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the characteristics of games based on whether they involved tangible toys or were screen-
or tablet-based. All of the games during the shadowing sessions were not screen- or tablet-
based. I also noted whether the games included physical activities that required children
to get up and move around the room. Additionally, I recorded whether turn-taking was
a part of the game and required others, such as parents or SLPs. The child was allowed
to play with a toy/game for 5-10 minutes and then a new toy was introduced. There
were around a total of 4-6 different games per therapy session. The games also included
participation from the SLP or the accompanying family members. The insights gained from
the analysis at this stage informed the questions asked in the next stage. The insights also
helped brainstorm potential application scenarios and identify any concerns raised by the
SLP after being exposed to a social robot. These opportunities and considerations were
explored in a semi-structured interview with SLP-1.

Interview SLP-1 (DC-3):

After the shadowing sessions, we developed initial ideas of the prospective applications of
social robots in clinical settings. However, an in-person interview with the SLP provided
us with the opportunity to gain their perspective on their challenges and usage of social
robots in stuttering sessions along with their feedback on our initial ideas. The SLP
was a female of 56 years with 29 years of clinical experience with stuttering, primarily
with preschoolers. She was registered with CASLPO (College of Audiologists and Speech-
Language Pathologists of Ontario) and had not interacted with a social robot before. The
interview format was semi-structured, and I was the main interviewer alongside two other
SIRRL researchers who also participated in seeking clarifications and getting their queries
addressed. Our queries were centred around our preliminary ideas of the use cases of a social
robot in the stuttering therapy sessions. The interview aimed to explore the challenges
faced by clinicians and their clients from the clinician’s viewpoint. We asked five questions,
each addressing different challenges, which were adapted from [29].

1. What are the most common challenges that you face with your clients?

2. What do you think are the major challenges that might prevent the children from
making progress during a therapy session?

3. What major challenges do you encounter with parents throughout the entire therapy
process?

4. What role do you think the robot could fit into at this moment, and do you believe
it would be useful in some sessions with certain children?
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Table 4.1: Description of a Subset of Games Observed During Shadowing

Game Description Characteristics Game
Partners
Plastic Toys | The child plays with plastic toys such | Tangible toys, turn- | Child - Par-
as Lego, model trucks and helicopters. | taking ents
Knock- The game involves revealing cat pic- | Tangible toys Child - SLP
Knock tures from a box.
Bubbles The SLP blows soap bubbles, and the | Tangible toys, | Child - SLP
child tries to burst them. physical activity
Cube An- | The child places food in the mouths of | Tangible toys, turn- | Child - Par-
imals and | animals drawn on the sides of a cube. taking ents
Food
Zoo Toy Set | The child plays with various toy ani- | Tangible toys, turn- | Child - Par-
mals and toy slides, similar to those in | taking ents - SLP
playgrounds.
Catch Some | The child catches bugs using a fishing | Tangible toys, turn- | Child - Par-
Bugs stick with a magnet on a thread, with | taking ents
bugs placed on a puzzle-like board.
Sea Animal | Players stick sea animal stickers onto a | Tangible toys, turn- | Child - Par-
Stickers board. taking ents - SLP
Animal A matching game where players find | Tangible toys, turn- | Child - Par-
Bingo matching sea creatures on cards, sim- | taking ents
ilar to classic bingo.
Flashcards Flashcards with pictures of objects are | Tangible toys Child - SLP
with Objects | used along with plastic versions of the
objects, which are matched and placed
in a bag.
Rocket and | A rocket is placed on a launch pad and | Tangible toys, | Child - SLP
Pump launched by jumping on a balloon to | physical activity

use air pressure.
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5. What concerns would you have if you were to use social robots in therapy sessions?

Before asking the fourth question, we showcased a demonstration of the QT robot?,
highlighting its customizable speech controls for speed, pitch, and voice and showcasing
various games developed in collaboration with the Learning Disabilities Society in Van-
couver. We used the QT robot for our demonstration because it is customizable and
non-threatening, designed for children with special needs education. Developers and ther-
apists can adjust the QT robot’s behaviour for effective therapy, and it has been used
in related projects by SIRRL researchers( [10,11]). We also shared with the SLP expe-
riences from previous studies SIRRL researchers had conducted on using the QT robot
as an educational tool for students with learning disabilities, which demonstrated positive
impacts on student engagement and reduced off-task behaviours ( [10, 11]). The purpose
of this demonstration was to illustrate the potential applications of the robot for children
with disabilities and to gather feedback from the SLP. This was followed by brainstorming
with the SLPs, prompting additional questions about possible applications, and note any
concerns they brought up. Toward the end of the interview, the SLP recommended that
we also engage with another SLP at the same institution, who works with preschoolers
who stutter, to gain their additional perspective on the topic. The interview audio data
was converted to text using Vosk®, an offline open-source speech recognition toolkit for
Python. To verify the accuracy of the transcriptions, I reviewed each recorded audio and
cross-checked the transcriptions before conducting the analysis.

Shadowing SLP-2 (DC-4):

In addition to following the recommendation of SLP-1, the goal of interviewing a second
SLP was to compare experiences and perspectives, identify common patterns and look for
any major variations in the codes of collected data that could lead to the refinement of
emerging concepts. In stage four, we shadowed one client with SLP-2, following the same
steps as in DC-2. This provided further insights into the practicalities and challenges faced
in therapy sessions. The child in the shadowing session was a 4 years 9 months old boy
with non-severe stuttering and English as his first language.

4https://luxai.com
Shttps://pypi.org/project/vosk/
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Interview SLP-2 (DC-5):

Similar to DC-3, we conducted a semi-structured, forty-minute interview with SLP-2. The
SLP was a female of 55 years with 28 years of clinical experience with stuttering in both
preschoolers and school-aged children. She was registered with CASLPO and had not
interacted with a social robot before. I interviewed the SLP, and the format mirrored that
of the interview with SLP-1.

Extant text: Handbook for Clinical Speech Therapy (DC-6):

In addition to the shadowing sessions and interviews that were more observational and
practical, I refer to an additional data source to get a theoretical understanding of of what
is expected in stuttering sessions by referencing Chapters 12-14 (related to the treatment of
younger and older preschool children) of the handbook Stuttering: An Integrated Approach

to Its Nature and Treatment, [62]. GTM allows for various data types, including individual
and focus group interviews, document collection, observations, and mixed methods [10].
Specifically, “Extant Texts” are mentioned as a valid data source [31], e.g. literature,

public records, etc. In our project, I selected a handbook as a data source and created
notes on established clinical practices, focused on the treatment programs, and provided
details on the SLP and caregivers’ interactions with the child.

After each stage of data collection, I generated memos based on the initial coding of
the data gathered at that stage. These memos were then discussed with the research team
to inform decisions about subsequent data collection, ensuring alignment with our research
objectives. In the early stages, preliminary codes were derived through open coding, which
involved tagging relevant portions of various data sources (e.g., prior publications, notes
from shadowing, interview transcripts, and extant texts). Importantly, this process was it-
erative and ongoing throughout data collection, with new codes being constantly compared
against existing ones. By the end of the iterative open coding phase, we had thirty-seven
preliminary codes from the data collected in stages DC-1 through DC-6 (as illustrated in
Figure 4.3). In line with the co-construction concept of C-GTM, three HRI team members
engaged with the data using this flexible framework to reflexively interact with the codes,
selectively dropping certain codes during the analysis process. Five codes were dropped
during iterative data collection and analysis due to the current technical infeasibility of
applications that would need precise real-time sensing and response of the robot in noisy
environments, as identified through observations during shadowing sessions and discussions
with SLPs during interviews (for details, see Subsection 4.4.1). Dropped codes related to
certain applications of social robots, e.g. suggestions that they could serve as conversation
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partners, homework assistants, increase engagement through personalization, or reinforce
social and speech skills in the child. During the focused coding phases, I clustered and
related codes to one another, refining them into higher-level conceptual categories and
related subcategories. This process resulted in the development of three core categories,
each with two to five subcategories, as shown in Figure 4.3. Each subcategory addressed
related concepts, encompassing particular properties of designing the application of social
robots in the stuttering clinic. In the final selective coding phase, I integrated and refined
the core categories that capture our research objectives, developing our proposal for the
applications of social robots in stuttering clinics and the design considerations for these
applications.

4.3 Results

The core categories and subcategories along with key comments from the interviews with
the SLPs are detailed in this section. When interpreting the core categories, we realised
that, in addition to answering what the possible applications of social robots are in the
context of stuttering therapy for preschoolers, it also helps us answer how these appli-
cations should be designed during interactions. It further informs how the robot should
communicate during these interactions. The core categories and the questions it helps us
answer are highlighted in the Figure 4.2.

4.3.1 Core Category 1: Practical Applications of Social Robots:

The applications of social robots encompass both their potential use cases and the scope
of their application. For instance, the robots could act as a versatile toolbox, offering a
variety of games and serving as a consistent speech model during interactions with children
and parents (see Figure 4.3). SLP-1: “I think it [robot] can be used in very defined activ-
ities, it can be used as a language sample, possibly it can be used with parents. I suppose
to model some speaking.” Tt could also demonstrate different levels of stuttering to help
parents understand various severity ratings. Through shadowing and interviews, it became
clear that the robot could not replace a therapist but rather shall serve as a complementary
tool that supports the therapist’s role.
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Figure 4.2: Core categories identified in our GT Analysis

4.3.2 Core Category 2: Interaction Design Considerations:

The previously identified applications are now further explored to determine how the robot
should interact with participants during stuttering sessions. Play-based interactions stand
out as a central key concept, i.e. designing gameplay scenarios that are engaging, enter-
taining, interactive, involve turn-taking, reward-based, and flexible. I observed around 24
sets of different games used by the SLPs during the sessions I shadowed. Additionally,
cognitive ease is important, meaning interactions should be structured and impose a low
cognitive load on the children, as well as not burden the SLP. Stuttering therapy aspects
should be supervised by the SLPs. The interactions should help SLPs’ aims to achieve spe-
cific speech goals, and encourage the child’s speech production (see Figure 4.3). SLP-2:
“It’s important to not only identify and make the sounds of animals but also to consider
the variety of words we can use. Instead of just making the animal sound or naming the
animal as a noun, we should talk about what the animal can do. For example, a horse can
run, gallop, jump, and be ridden. You're looking at the variety of words in the English
language, including nouns, verbs, adjectives, and locations. This approach can enhance
vocabulary by following directions, such as putting the horse under the table or making it
Jump over the fence. It makes the interaction more engaging and educational, rather than
simply labelling the animal and its sound.” Including game partners such as the SLPs and
accompanying family members can encourage human-human connections. The gameplay
should incorporate tangible props such as soft toys, plastic cars, trucks, blocks, and Lego
sets to be used by the children or SLPs (see Table 4.1 for more details). The use of tablets
and other screens should be minimised to engage children in the sessions, and instead, they
should be used by the SLPs as part of gameplay with the robot. For instance, a tablet
could feature a “spin the wheel” game displaying images of fruits, where the child must
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show the robot the correct fruit when the wheel stops. The robot can take on various roles
in the sessions, such as a peer, friend, or co-therapist, depending on the design and goal of
the application. It is important to consider that the robot’s presence or absence in some
sessions may cause distractions or reduced participation in the remainder of the session,
and could even upset the child.

4.3.3 Core Category 3: Communication Design Considerations:

Through data collection, particularly during shadowing sessions, I observed that both
verbal and non-verbal communication play a crucial role in stuttering therapy sessions
with preschoolers. We have established what a social robot could do in a stuttering session
for preschoolers and how its interactions should be designed (see Figure 4.3). Now, we
need to address how the robot should communicate during these sessions. Communication
design considerations include the content and sound of the speech, cultural elements, and
good listening practices. The speech content should be non-generic and personalised, and
short sentences should be used. The words used should describe gameplay scenarios. The
robot’s speech should primarily consist of comments rather than questions directed at the
child. Repeating simple phrases and incorporating gestures can add more structure to the
interactions. HRI researchers should avoid making the robot’s speech sound robotic and
instead use slow and relaxed or prolonged and syllable-timed speech [62] depending on the
fluency shaping strategies [114] being considered. SLP-1: “Changing how they (parents)
speak to the child because we’re asking them to slow the rate down or asking them to model
shorter sentences and use turn-taking, good listening, using more comments. So you know
you're trying to change your own speech, it’s hard.” In the scenarios, the robot should
have a positive and encouraging tone. Cultural elements could be incorporated, including
culturally relevant speech content (e.g. names of food or animals, music, cultural practices,
etc) and greeting gestures, if the child is familiar with them through interactions at home,
and importantly, if parents would like to introduce such cultural references. It is essential
to demonstrate non-verbal gestures that indicate attentive listening and avoid interrupting
when the child speaks.

4.4 Discussion

Aligning the data collection and analysis approach with C-GTM, I iteratively collected and
analyzed data until additional data collection had no significant impact on the evolution
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Category Subcategory Properties

Pracifil:all Toolbox 1) Variety of games, 2) Consistent speech model, 3) Demonstrate
Applications stuttering examples for parents, 4) Story-teller

of Soclal Complementary 1) Complements therapist's role, not replaces it

Robots role

Inte_ral:tion Play-based 1) Engaging, 2) Entertaining, 3) Interactive, 4) Turn-taking,
Design Interactions 5) Rewarding, 6) Flexible

Considerations

Cognitive Case

Stuttering therapy
aspects

Tangible Objects

Interactions with
Robots

1) Structured interaction, 2) Low cognitive load

1) Supervised by SLPs, 2) Achieve speech goals, 3) Encourage
speech production, 4) Facilitate human-human connection

1) Include Physical items, 2) Avoid screens

1) Minimise distraction, 2) Varied robot roles

Communication
Design
Considerations

Speech
content

Speech sound
aspects

Cultural
elements

Good listening

1) Non-generic speech content, 2) Descriptive comments,
3) Short sentences, 4) Perscnalized conversation, 5) Fewer questions,
6) More comments, 7) Use repeated phrases/gestures

1) Non-robotic speech, 2) Slow and relaxed speech or prolonged and
syllable-timed speech, 3) Enthusiastic/encouraging tone

1) Cultural speech content (e.g., language-specific greetings,
object names), 2) Gestures, if the child is familiar

1) Non-verbal gestures to demonstrate good listening,
2} Not interrupting the child

Figure 4.3: Categories, subcategories, and properties identified through GT Analysis.
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of categories and subcategories. By the final stage, we developed a comprehensive set
of applications and considerations for human-robot interactions in the stuttering clinic,
which can serve as guidelines for other researchers exploring this domain. In this section, I
discuss the emergent properties that constitute the subcategories, which in turn informed
the development of the core categories presented in the results section of this chapter.
These properties were iteratively constructed through C-GTM, drawing from field notes
taken during analyzing prior work, shadowing sessions, interview transcripts, and analysis
of extant texts. While in sociological research a ‘theory’ is the desired end result of using
GT, our results are instead grounded design considerations and applications of social robots
where we focus on identifying practical, actionable insights rather than abstract theoretical
constructs. Note, that our findings are specifically limited to preschoolers who stutter.

4.4.1 Practical Applications of a Social Robot

Practical applications of a social robot in the stuttering therapy setting was a core cat-
egory that was observed in the process of applying C-GTM. While exploring the use of
a social robot in a clinical setting for preschoolers who stutter, we faced challenges that
made many initial ideas infeasible as we gathered more data. During shadowing sessions,
we observed that therapy with preschoolers often involves playing various games, which
creates significant background noise. For example, in a session, a “Zoo toy set” game,
where the child, parents, and SLP took turns playing with various animal toys and toy
playground slides, and a “Catch some bugs” game, involving the child and parents using
a magnet to catch bugs on a puzzle-like board, were played. This noisy environment,
combined with the preschoolers’ incomplete sentence formation, makes it difficult, if not
impossible, for robotic/software applications to work reliably and effectively when trying
to detect and understand speech, including pre-schoolers’ stuttered speech. Applying ar-
tificial intelligence tools is particularly challenging in such an environment where multiple
individuals are talking, and the child’s speech may not be well-formed. Additionally, upon
referring to the handbook [62] we recognised the importance of reporting a child’s stutter-
ing severity ratings as accurately as possible since they are crucial decision-making factors
for evaluating treatment progress and determining future therapy directions. Similarly, for
a robot to accurately provide reinforcement and feedback, depending upon the speech skills
of the children, is very challenging. Moreover, in interviews with the SLPs, we learned that
using a robot to provide feedback, appreciation, or corrections based on the SLP’s input
via a tablet (to avoid difficulties in automatic speech and stuttering recognition) would
in fact increase the SLP’s workload and delay feedback, making the child-SLP interaction
unnatural. This point highlights the complexities of integrating social robots in the stut-
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tering clinic for preschoolers, which should lighten and not worsen SLPs’ workload, and
not interrupt the flow of SLP-child interaction in the therapy session.

Despite these challenges, a social robot has several useful applications in speech ther-
apy, enhancing the therapeutic process in various ways. It can serve as a versatile tool,
offering a range of engaging games tailored to different speech therapy needs. The game
scenarios, which can be very motivating and entertaining for the children, may provide
SLPs with the opportunity to take more samples of the child’s speech, so the robot should
afford opportunities that encourage speech production from the preschoolers. Addition-
ally, the robot provides a reliable model for consistent speech patterns, acting as a stable
reference for clients for various fluency-shaping strategies [62, 114]. Stuttering therapy in-
cludes modifying the child’s environment (home, school, community, and any other places
they frequently spend time) to ensure verbal interactions with the child involve a slow rate
and pauses [(62]. The robot can also demonstrate varying levels of stuttering, which may
help parents understand and more accurately report the severity of their child’s stuttering.
The robot can be used in storytelling activities, making the practice of using speech both
entertaining and educational for children. Importantly, while the robot is a valuable tool,
it is designed to complement and support the therapist, rather than replace them, thereby
enhancing the overall therapy process.

4.4.2 Interaction Design Considerations

This subsection discusses the core category of interaction design consideration that was
the outcome of following the C-GTM approach. Shadowing and interview sessions with
the two SLPs enabled us to compile an informed list of essential aspects for designing
effective interactions with social robots. One crucial aspect was incorporating tangible
objects. In the games I observed, I saw tangible objects such as toy cars, building blocks,
stickers, and other activities that involved the child’s gross motor skills. Having tangible
objects not only allows the child to engage with real-world objects but also reduces screen
time by avoiding tablet-based games. The interaction should be designed to be interactive
and flexible towards the child’s needs. Engaging activities ensure sustained interest and
participation of the child. Additionally, the sessions should be well-structured to provide
clear guidance and instructions about the interactions, with SLPs supervising to ensure
effectiveness. The design of activities using a social robot should be such that they reduce
the workload of SLPs and enable them to get more utterances from the child quickly and
easily. These speech samples are critical for SLPs to evaluate the progress of the child in
these therapy sessions.

95



The application of the robot and the designed interaction should be such that they
provide more opportunities for SLPs to collect speech samples from the child by including
turn-taking activities to extend conversations. The interaction should also promote follow-
ups and more extended conversation opportunities, facilitating human-human connections
by involving other interaction partners, such as parents. The interaction with the robot
should avoid adding stressors to the child’s environment and be structured to support the
smooth attainment of speech goals by the end of the sessions.

4.4.3 Communication Design Considerations

In this subsection, I will discuss the core category of communication design considerations
that were arrived at after applying C-GTM. When integrating a social robot into speech
therapy sessions, it is essential to align the robot’s verbal and non-verbal communication
style with the standard expectations set for SLPs and parents to improve therapy outcomes.
The robot can use slow and relaxed speech to aid in clarity and reduce pressure or can follow
any specific fluency-shaping strategy [62, 1141] for practice with the child. Demonstrating
good listening skills by the robot through non-verbal gestures (backchannel signalling, e.g.
through head nods [%3]) can make the child ‘feel heard’” and could motivate them to speak
more [62]. The robot’s speech content should be specific and relevant to the context of
the activity rather than generic as this ensures that the interactions are not boring and
vague. Similar to the activities, even the speech should be natural and engaging, so that
the child should feel comfortable during the sessions and wants to continue participating in
further activities. Moreover, efforts need to be made to avoid a robotic tone as it is not the
communication style that one wants the child to pick up from speech therapy. Encouraging
and positive comments can boost the child’s confidence and willingness to engage actively in
the treatment [62]. Descriptive comments enhance the richness and educational value of the
interaction for the child. Incorporating cultural elements familiar to the child (e.g. related
to the language their parents speak at home) can make communication more relatable and
comforting, helping to build a sense of connection. It is important to ensure that the child
is exposed to these cultural aspects at home, allowing them to find comfort and familiarity
in them.

Short and clear sentences ensure that the child comprehends the instructions easily
and does not add stressors to the child. Finally, we recommend personalised aspects in
conversations that help building rapport, making the interaction more meaningful and
tailored to the child’s individual expectations. For example, if the child had a birthday
coming up, then the SLP started the conversation by talking about birthdays and more
topics around the celebration of the event (DC-2). User profiles can be created for games
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on the robot to collect specific information, such as names, birthdays, and best friends’
names, etc. This information could then be inserted into template sentences used by the
robot in games to enhance personalization. Note, the choice between personalization and
customization needs to be considered carefully by HRI researchers, as I highlighted in the
cultural context in the first study in Chapter 3.

4.5 Limitations and Future Work

In this section, I will discuss the limitations followed by future work that could be under-
taken in the domain of applications of social robots in stuttering therapy of preschoolers.
Note, the primary limitation was having few institutions to partner with in commutable
distance, this led to some additional related limitations.

e Recruiting a sufficiently large sample of preschool children who stutter was chal-
lenging, along with obtaining parental and SLP consent to observe therapy sessions
within a practical geographic proximity.

e The SLPs in this study conducted therapies exclusively in English, limiting the gen-
eralizability of the findings to non-English-speaking populations.

e The majority of the children observed were non-severe stutterers, which could have
limited the amount of extra information extracted from the shadowing sessions.
There is a chance we could learn more design considerations from sessions of preschool-
ers with severe stuttering. It is possible that it will be more difficult to get utterance
from severe stutterers for speech samples for analysis and it would have been insight-
ful to see how SLPs manage get the utterances in this case.

e The primary stakeholders for this stage of our project were the SLPs, with a focus
on the strategies and different kinds of interactive games they included in their ses-
sions. Requirements could change depending on the stakeholders the researchers are
targeting to work with.

e The findings of our study need to be tested in practice to determine their effectiveness
in improving the therapy experience and outcomes for both SLPs and their clients.

e Since our study focused on preschoolers, the guidelines may not be applicable to
older children, as speech therapy techniques vary across different age groups.
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In our future work, we plan to prototype games and applications based on the es-
tablished design considerations and gather feedback from SLPs. After completing the
co-design process, we will conduct studies involving preschoolers who stutter and SLPs
integrating our solutions into their sessions. These evaluations will not only validate the
findings of this study but also instill greater confidence in the continued exploration and
refinement of these design considerations.

Through this chapter, we transitioned from inclusivity through cultural integration in
HRI to promoting inclusivity by finding applications where social robots can be used in
speech therapy. Moving forward to my third study in the next chapter, I would like to note
that analyzing the data for the second study discussed in this chapter sparked the idea for
the next study. During our interviews, SLP-1 mentioned that they asked parents to slow
their speech rate down when communicating with their child. The SLP also mentioned that
changing our speech is difficult. This has been quoted in the Results section of this chapter.
Slowing and relaxed speech for caregivers is also recommended in the handbook [62] that
was referred to in extant texts in (DC-6). Given those insights, I started researching how
a social robot can be used to slow the speech rate of adults, which is discussed in detail in
the next chapter.
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Chapter 5

Study 3: Investigating Human
Speech Rate Alignment in Response
to Slow Robot Speech

The primary motivation for this study was to explore the applications of social robots that
could ultimately benefit preschoolers by helping their caregivers acquire slow speech. This
focus helped me refine the research scope by examining recommendations to parents or
caregivers by SLPs, as well as general guidelines for family interactions to facilitate fluency
outlined in the stuttering therapy handbook [62]. Caregivers are advised to speak in a slow
and relaxed manner with comfortable pauses in between to help change the environment
for the child who stutters to promote smooth or fluent speech. In the literature, Mr. Fred
Rogers is cited as an example of a person with a slow speaking rate [62,122]. For instance,
in the handbook on stuttering therapy [62], it was suggested to watch Fred Rogers’ 2002
Dartmouth College Commencement Address' on YouTube as a reference. For this study, I
also drew inspiration from Mr. Rogers for the Voice System’s speaking style, and I tried to
replicate his calm and controlled manner of speech. A slower, more relaxed speech pattern
reduces stress and provides the child with more time to respond if there are sufficient
pauses. However, altering one’s natural speaking style can be challenging. To address the
challenges of modifying one’s speaking style, I explored whether the concept of Speech
Entrainment (SE) could be utilised to induce slower and more relaxed speech in adults.

I conducted an in-person study in a lab with two sessions per participant, containing
four and five tasks respectively. The tasks involved obtaining verbal responses from the

https://www.youtube.com/watch?v=907yEkALaAY&t=442s
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participants. The Voice System program that I had developed spoke in a slow and re-
laxed speech throughout these tasks. The tasks involved long-form open-ended responses,
sentence repetitions, and three-sentence picture descriptions, and my primary goal was to
study whether different tasks had different impacts on the speech metrics, and whether
repeated sessions had any impact. The study had two conditions, with the Voice System
program running either on the QT Robot and on a laptop (between-participant variable).

The speech audio data, questionnaire responses related to participants’ experiences
during the study, and their exposure to and usage of the English language were collected,
along with a semi-structured interview at the end of the study. The results suggest that
sentence repetitions have the most significant impact on speech metrics (articulation rate,
pause rate, and pause ratio). Repeated sessions also had an increased impact on the
speech metrics. Valence, Arousal and Control collected using the Self-Assessment Manikin
questionnaire [22] before and after each session showed a decrease in the post-session rating
of the second session compared to the post-session ratings of the first session. Additionally,
responses to the interview questions about participants’ opinions on the impact of slow
speech and its usefulness suggest that slow speech could reduce engagement or have the
reverse effect where participant starts speaking faster out of irritation. Novel application
areas such as relaxation and announcement systems, as well as use for individuals who are
non-native speakers or have speech impairments, could potentially benefit from slow and
relaxed speech.

5.1 Research Questions

I frame my research questions to study SE in participants in a variety of verbal tasks across
two sessions. I wanted to know if a particular kind of task had more impact than others
or not. Additionally, I wanted to study the impact of multiple sessions on the speech
metrics, so each participant took part in 2 sessions. Another goal was to compare the
robot with a non-robotic Voice System, i.e. a laptop. To the best of my knowledge, the
current research on SE in HRI or HCI has not compared laptops and robots as agents
to induce slow speech. Not much work has been done to study how the nature of verbal
tasks can impact SE. Knowing these are important for designing future applications and
research studies to evaluate the effectiveness of social robots as models for fluency-shaping
techniques, my objective was to address the following research questions

RQ1: How do human speech patterns evolve between sessions when interacting with
a social robot or a laptop speaking at a slow speech rate?
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RQ2: Is there a difference in the extent of human speech alignment when interacting
with a social robot versus a laptop speaking at a slow speech rate?

RQ3: How does interacting with a social robot or a laptop speaking at a slow speech
rate influence human speech patterns across different types of speech tasks (sentence rep-
etition, three-sentence picture descriptions, and open-ended responses) within a session?

RQ4: Does the participant maintain a consistent speech pattern during a ‘sales pitch’,
i.e. the task of “selling” an object to the social robot or laptop at the end of the second
session, creating a degree of subtle pressure of the task?

RQ5: How do the interaction context (social robot vs. laptop) and slow speech rate
influence participants’ emotional responses (valence, arousal, and control)?

Effects of sound have been studied on humans [35]; when humans find a sound unpleas-
ant, they tend to have negative reactions. Christenson et al. [35] explored how speech rate
affects the likability of digital assistants. These studies inspired me to formulate RQ5.

For the most part, this study is exploratory in nature. For RQ1, we have a hypothesis
(H1) based on existing research on speech entrainment and HCI cited in 2.3.1.

H1: Participants will slow down their speech rate after interacting with the voice
system, which speaks in a slow and relaxed manner. The sentence repetition task is
expected to have the strongest effect on speech entrainment, while possible effects of the
other tasks are more exploratory in nature.

5.2 Method and Implementation

This section introduces the steps I took to evaluate the effects of the Voice System’s slow
speech on the participants’ speech patterns. The design of this study intended to create
scenarios where the participants were exposed to the Voice System’s speech and engaged in
neutral topics such as food and music to collect natural speech samples of the participants.
The reasons for choosing these particular topics as themes are explained later in this section.
To investigate speech entrainment between participants and the Voice System, I designed
various tasks—including repeating a sentence spoken by the Voice Systems, describing a
picture in three sentences, open-ended responses for a list of questions posed by the Voice
System, and a sales pitch task. These different tasks were designed to keep participants
engaged by incorporating interactive elements and variety in tasks without relying on
advanced Large Language Models (LLMs) to hold actual conversations. Also, LLMs do
not engage in conversation with a genuine understanding and rather generate statistically
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likely continuations of text rather than meaningfully grounded responses [109]. So I did
not consider LLM models due to the unpredictability of their responses, and also because
they fell outside the scope of our research questions’ primary focus.

This study used a mixed factorial design with one between-participant factor, where
participants were assigned to one of two experimental conditions (Robot or Laptop) and
a repeated measure within-participant design whereby data was collected in two sessions
(Session 1 vs. Session 2). This allowed for a within-participant comparison across two
sessions to study a possible change in their speech over time. The first four tasks in both
sessions were the same, though the overall theme (food and music) of each session differed.
Additionally, Session 2 included a fifth task, which will be discussed later in this section.

This study was designed to collect speech samples for each task without relying on
any real-time detections, such as speech or facial expression analysis, during the session.
To achieve effective speech sample collection, it was crucial that the user interface was
intuitive and the instructions about the study were clear to participants. I built a web
user interface with colour-coded sections—green, yellow, or red— with labels “Speak”,
“Prepare”, or “Listen” to visually inform participants of the expectations. The Voice
System also verbally explained the tasks in detail and repeated the instructions, along
with the meanings of the different colours on the screen, before each task. This ensured
that participants understood when to speak and when to stop and listen to the Voice
System. It also helped prevent interruptions while ensuring participants had sufficient
material to respond to the verbal tasks. The design of the web interface that can be seen
in Figure 5.4 will be discussed in further detail when I explain the different tasks in the
two sessions in section 5.2.2.

5.2.1 Artifacts

The Voice System program developed by me ran on either the QT Robot? or a Lenovo
laptop with the Ubuntu operating system, representing the two experimental conditions
in our study. I used the two conditions to study whether the embodiment of the Voice
System has any effect on slow speech entrainment. The QT robot is commonly used in
studies and applications in therapy contexts [10,410, 116]. T additionally tried to explore
whether we can achieve the same effect of verbal tasks using a laptop. If they both have
similar effects, then future applications can also be designed considering that laptops are
currently more common in households than robots.

?https://luxai.com/#LearnMore
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The Voice System program used audio files generated for each speech output of the
QT Robot, which were saved as WAV files on the robot. These files were then exported
and stored on a laptop for use in the laptop condition. This ensured that the exact same
audio was used in both conditions. I used an additional monitor in the robot condition
to display information of the web interface. The laptop screen was comparable to the
screen of the monitor that was used with the QT Robot. I opted for screens larger than
tablet size, as clear visual instructions on the web interface were essential for the system
to effectively communicate with participants during the various tasks (the experimenter
was not present during the sessions). Audio data of the entire session was recorded. For
enhanced and efficient audio sample collection, I used a DPA 4088 headset microphone?,
connected via a Fireface UCX II USB audio interface?. In Figure 5.1 we show some of the
equipment that were discussed above. The audio interface was connected to a Microsoft
Surface Book, which ran Audacity® to record the entire sessions of each participant. Using
Audacity, I stored audio files in WAV format, sampled at 44.1 kHz in 24-bit mono channel
audio. This setup ensured that the collected audio samples were clear, with minimal
background noise and echo impact. Additionally, the sessions were recorded using a video
camera for documentation and verification purposes, and might be used in future for further
analysis. Qualtrics® was used to prepare the questionnaires and collect the responses. All
questionnaires were digitally administered. I used my laptop to allow participants to fill
pre-session, post-session and post-study questionnaires, as well as the remuneration form
in the lab. The setup of all equipment can be seen in Figure 5.2.

5.2.2 Procedures and Measures

In this section, I will discuss in detail the session structure, various tasks in these sessions
and the data we collected.

Pre-Study Questionnaires

Prior to the study, participants were provided with an online Information Sheet and Con-
sent Form. Before the initial survey, participants were assigned to one of two conditions:
either the robot condition or the laptop condition. They were also given a participant 1D,

3https://www.dpamicrophones.com/microphones/headset—and—earset/4088?variant=17
“https://rme-audio.de/fireface-ucx-ii.html

Shttps://www.audacityteam.org/

Shttps://www.qualtrics.com/
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(a) Headset microphone (b) Video camera (¢) USB Audio interface

(d) QT Robot (e) Lenovo Laptop

Figure 5.1: Images of some of the equipment used in the study
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Figure 5.2: The setup for Session 2 in Robot Condition. The setup for Session 1 was the
same, except there were no objects on the table on the right.

which they used to complete all questionnaires in this study. This ensured that partici-
pant names were not linked to the collected data. Those who agreed to participate were
redirected to a web form that collected demographic information, which asked about their
age and gender. The questionnaire also included the widely used Ten-Item Personality In-
ventory (TIPI) [57], designed to assess the Big Five personality dimensions, see Table 5.1.
The responses were recorded on a 7-point Likert scale ranging from 1 (strongly disagree)
to 7 (strongly agree).

Scheduling of Sessions

Participants were scheduled for two in-person sessions. Both sessions were held on the same
day with a minimum of four hours gap in between. We decided to have both sessions on
the same day because we wanted to retain the experience of the slow speech from the first
session, rather than having a fresh start on a different day. We assumed that this design
would be more effective in observing the possible effects of slow speech. This gap was
included to prevent participants from getting bored due to the (almost) identical nature
of the sessions and to avoid possible fatigue from listening to the Voice System’s slower
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Table 5.1: Ten-Item Personality Inventory (TIPT)

Item I see myself as:

Extraverted, enthusiastic.

Critical, quarrelsome.

Dependable, self-disciplined.
Anxious, easily upset.

Open to new experiences, complex.
Reserved, quiet.

Sympathetic, warm.

Disorganized, careless.

Calm, emotionally stable.
Conventional, uncreative.

© 0N O W=
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than normal human speech. The four-hour gap was chosen for practical reasons as all
participants were students. This allowed the students to attend a class or complete a task
during the break while also making scheduling sessions more convenient.

Session Structure: Each session followed a similar structure, with the first session con-
sisting of four tasks and the second session including five tasks. The first four tasks
were identical across both sessions. Apart from collecting audio and video data during
the sessions, we also asked participants to complete a pictorial Self-Assessment Manikin
(SAM) [22] questionnaire both before and after each session (see Figure 5.3). It was used
to evaluate affective dimensions: valence, arousal, and control. Participants responded
to the following questions: “How do you feel in general right now?” (valence, top panel),
“How energised do you feel?” (arousal, middle panel), and “How in control do you feel in
the current situation?” (control, bottom panel). For each question, participants selected
one option from A to E in the corresponding panel. SAM was chosen for its intuitive,
language-independent format that allowed participants to quickly and easily report their
emotional state without relying on verbal descriptions [22].

The two sessions of the study were based on a specific theme. Food was chosen as a
theme for the first session, and music for the second. These specific themes were selected
because participants can be expected to have an interest in these topics. Also, they are
neutral, uncontroversial, and engaging while also providing an opportunity to frame ques-
tions or tasks that I anticipated would encourage participants to produce more utterances
for the speech samples during the sessions. We wanted the participants to speak naturally
as much as possible for the entire duration allotted to them.
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Figure 5.3: The Self-Assessment Manikin - valence (top panel), arousal (middle panel),

and control (bottom panel).
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The Voice System provided clear verbal prompts throughout all the tasks to indicate
whether it was time to prepare, speak or listen. To reinforce these instructions visually,
I also used a screen that displayed a colour-coded section. Red with the phrase 'Listen,’
yellow with 'Prepare’ and green with 'Speak’ written at the centre of the colour-coded
section were used to signal to participants whether they should speak, listen, or prepare
and answer. The Voice System thoroughly explained these colour states before each task
started, ensuring participants understood the workflow. During the test runs of the study,
I received feedback from SIRRL labmates that they felt annoyed when the Voice System
verbally interrupted them after their speaking time slot for the task had ended. A slight
change was therefore made to the design, adding a five-second delay for tasks 1, 3, 4, and
5 and a two-second delay for task 2 between the moment the screen turned red—signalling
to the participant to stop speaking—and when the Voice System instructed the participant
to stop speaking. With this approach, the participant is not verbally interrupted by the
Voice System and has some time to realise they need to stop speaking. For the entire script
containing what the Voice System spoke during different tasks in both sessions, please refer
to the Appendix D.

Task 1: Introduction and Initial Speech Sample

At the beginning of the first session, I gave participants a brief explanation of the study
to remind them of the procedure they had previously read in the information sheet. In
the first task I handed them a sheet with the instructions for the task and the following
questions to get their initial speech sample for that session to serve as a baseline. The
instruction sheet for both sessions can be found in the Appendix D.

Session 1:  What’s your name, and where did you grow up? Could you tell me a bit about
the family members or friends you spent time with as a child? I'd love to know about the
schools you went to and any favorite places you enjoyed exploring. Were there any special
dishes or snacks you loved that remind you of home? Take a moment to think about these
memories, from the people who shaped your world to the places and flavors that made it
special.

Session 2:  What program are you enrolled in, and which term are you in? Could you tell
me a bit about the courses you're taking this term and whether any of them are particularly
interesting or challenging? Now, here’s something a bit more playful—if you could step
into the life of any celebrity, who would you choose to become? Take a moment to think
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Theme for this session: Food

Here are your hints:
What s your name?
Whatis your hometown?
Prepare
Family and childhood friends?

Schools and early memories?

Foods that remind you of home?

Figure 5.4: Web User Interface for Session 1 Task 1

about what draws you to them, from their personality or accomplishments to the values they
represent or the life they lead.

The sheet also provided information about different colour schemes, their meanings,
and the preparation and response times. Afterward, participants engaged with the Voice
System, which delivered structured interactions. Once a participant had finished reading
the Task 1 sheet and completed the pre-session questionnaire, I turned on the video and
audio recording devices. A test audio sample was collected before I started the Voice
System program and then left the room where the study was conducted. I waited in the
nearby corridor, and I could hear the Voice System’s voice from outside. The program
ran for approximately 24 minutes in the first session and 28 minutes in the second session.
I re-entered the room only after I heard the Voice System say the last sentence for that
session while I waited in the corridor.

At the start of the session, the screen displayed a yellow background with the word
“Prepare” written on it. Participants were instructed to prepare their responses for 60
seconds and then speak for 90 seconds. The screen showed short versions of the questions
that participants had already read on the sheet, so they didn’t have to remember them
while preparing or answering. The web interface with short hints for the questions to
respond to, along with the colour-coded section, can be seen in Figure 5.4. After the 60-
second preparation period, the Voice System verbally instructed the participant to begin
responding to the questions from the sheet. In the robot condition, each verbal output was
accompanied by a suitable gesture based on the speech content.
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Task 2: Sentence Repetition

In the second task, participants were instructed to repeat ten six-word sentences within 15
seconds after the Voice System finished speaking each sentence. I chose six-word sentences
because they are easy to remember. This was inspired by Miller’s Law [34], which states
that a person can keep 7+ 2 objects in their working memory at a time. A sample sentence
for each theme would be, “Fresh apples are perfect for quick snacks” and “Soft melodies
help clear your thoughts”. The entire list of sentences with information about different
tasks can be found in Appendix D.

Task 3: Picture Description

The third task involved a picture description activity, where images appeared on the screen,
and the Voice System and participants took turns describing them in three sentences each.
Participants were allocated 25 seconds for their turn. The task featured four unique pictures
for the Voice System and four different pictures for the participants. I used DALL.E 3 7
to generate the images and a sample of them for each theme can be seen in Figure 5.5.
Sample prompts used for Session 1 with the theme of food are - “Friends sharing a pizza at
a cozy restaurant” and “A bowl of hot chicken soup on a kitchen counter”. Similarly, for
Session 2 with the theme of music, the sample prompts were - “A boy sitting on a bench,
focused on playing his guitar” and “A man sits on the grass, happily playing his guitar for
a group of friends”. Other prompts were of the same format, just food items or musical
instruments, along with the location context, were changed.

Given the consistent central themes (food or music) and the gradual increase in how
open-ended the responses needed to be from tasks 2 to 4, this design aimed to help par-
ticipants feel more comfortable sharing their preferences in detail in Task 4. The session
began with sample speech collection in Task 1 to serve as a baseline. Task 2 involved
sentence repetition, followed by tasks that increasingly required participants to produce
more open-ended speech.

Task 4: Preference Discussion

In the fourth task, the Voice System shared its preferences related to the central theme
for approximately 4 minutes and then posed questions to the participants about their own
preferences. Participants were instructed to prepare their responses for 60 seconds before

"https://openai.com/index/dall-e-3/
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Figure 5.5: Sample pictures shown for Session 1 and Session 2 on themes food and music.

speaking for another 90 seconds. Tasks 1 to 4 were the same in structure across the two
sessions, but the content differed based on the theme of each session.

To help recall the questions, the screen displayed concise versions of the questions the
Voice System had asked about their preferences (similar to Task 1). The goal was to
analyze natural speech samples from the first to the fourth task to study speech alignment
with the robot’s slow speech. Tasks two and three were designed to be interactive and
engaging, helping to put participants in a comfortable zone where they could speak more
naturally about the central themes (food or music).

Task 5 (Session 2 Only): Sales Pitch Task

The second session included an additional fifth task, where the Voice System instructed
participants to prepare a sales pitch to sell one or more items placed on a table to their
right. There were six objects on the table: an Apple iPhone XR (empty box), Apple
AirPods Pro 2 (empty box), a WD SSD hard drive (empty box), an Alexa Echo Dot
(empty box), a Tim Hortons Hot Chocolate Mix, and a packet of naphthalene mothballs.
I chose objects which had a label (with ingredients or product specifications) behind them
so that the participants had material to prepare the sales pitch.
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This task was not disclosed in the information sheet beforehand and was designed to
observe whether this impromptu, slightly stressful activity influenced participants’ speech
patterns and any speech alignment with the Voice System, if present, was retained. Par-
ticipants were given 60 seconds to prepare their responses before speaking for another 90
seconds.

Confidence Assessment

Along with the SAM questionnaire, participants were asked to rate their confidence in
responding to the Task 1, Task 4, and Task 5 (Session 2 only) questions after each session.
We had asked the following questions:

e (Session 1) How confident were you in answering the questions about your personal
background and early memories at the start of this session?
- Continuous bipolar slider (0 = A little, 100 = A lot)

(Session 1) How confident were you in answering the questions about your food
preferences and dining habits at the end of this session?
- Continuous bipolar slider (0 = A little, 100 = A lot)

(Session 2) How confident were you in answering the questions about your academic
journey and celebrity inspiration at the start of this session?
- Continuous bipolar slider (0 = A little, 100 = A lot)

(Session 2) How confident were you in answering the questions about your music
tastes and aspirations at the end of this session?
- Continuous bipolar slider (0 = A little, 100 = A lot)

(Session 2) How confident were you in the sales pitch preparation challenge at the
end of this session?
- Continuous bipolar slider (0 = A little, 100 = A lot)

This step was important to assess the impact of their confidence during these tasks on
their speech metrics. Responses were collected using a Qualtrics form.
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Post-Study Questionnaire

After completing all sessions, participants were asked to complete a post-study question-
naire on Qualtrics designed to gather their perceptions of the Voice System, their self-
reported language proficiency, their own speech perception, and additional factors, which
are discussed in detail below. It should be noted that the numerical values on the bipolar
sliders were hidden from the participants in the on-screen questionnaire.

The questionnaire included several components:

e How fast or slow did you perceive the Voice System’s speech rate?
- Continuous bipolar slider (0 = Very slow, 100 = Very fast)

e They evaluated the Voice System’s speech using the Godspeed Likability Scale [13],
where participants used a continuous bipolar slider ranging from Dislike (value 0) on
the left to Like (value 100) on the right, as well as other paired descriptors such as
Friendly to Unfriendly, Unpleasant to Pleasant, Unkind to Kind, and Nice to Awful.
For analysis, I take the average of these ratings and store it as ‘Overall Likability’.

e To assess the feeling of social presence during the interaction (borrowed from [79]),
participants responded to questions such as:

— How much did you feel as if you were interacting with an intelligent being?
- Continuous bipolar slider (0 = Not at all, 100 = Absolutely)

— How much attention did you pay to it?
- Continuous bipolar slider (0 = Not at all, 100 = Absolutely)

— How much did you feel involved in the interaction with it?
- Continuous bipolar slider (0 = Not at all, 100 = Absolutely)

Participants provided information about their language proficiency. 1 asked them
whether English was their first language, their fluency level, how long they had been
speaking English and other similar questions. I asked:

e [s English your first (native) language?
- Radio Button (Yes/No)

e How fluent are you in speaking English?
- Multiple Choice:

73



— Basic knowledge (Basic words and phrases; simple, short conversations)

— Intermediate (Converses on everyday topics; some hesitations)

— Advanced (Comfortable in complex conversations; minor limitations)

— Completely fluent (Near-native proficiency; fluency in any context)
How long have you been speaking English?

- Radio Button (Less than 1 year, 1-2 years, 3-5 years, 6-10 years, More than 10
years)

How often have others told you that you speak too fast?
- Multiple Choice (Never, Rarely, Sometimes, Often, All the time)

How often have others told you that you speak too slowly?
- Multiple Choice (Never, Rarely, Sometimes, Often, All the time)

In which contexts do you frequently speak English?
- Checkbox (Select all that apply):

— Formal (e.g., At work, In academic settings, In professional meetings)

— Informal (e.g., Socially with friends, At home, Casual conversations)

I also asked additional questions about their experience with speaking English. These
questions were based on their experience with speaking English, assuming that this could
have impacted their speech samples, which were in English. I asked:

How often do you think in English when speaking the language?
- Multiple Choice (Never, Rarely, Sometimes, Often, All the time)

Do you currently or have you ever had any speech disfluency?
- Multiple Choice (Yes, currently / Yes, in the past / No / Prefer not to answer)
- Text Box (if ”Yes” selected, optional)

How comfortable do you feel when speaking English?
- Slider (0-100) (1 = Not comfortable at all, 100 = Extremely comfortable)

How often do you feel nervous or anxious when speaking English?
- Multiple Choice (Never, Rarely, Sometimes, Often, All the time)
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e What is the main accent or dialect of English you have been exposed to?
- Text Box

e Have you lived in an English-speaking country?
- Radio Button (Yes/No)

e If yes, how long have you lived in an English-speaking country?
- Radio Button (Less than 1 year, 1-2 years, 3-5 years, More than 5 years)

Note, the above questions were asked towards the end of the study since, if asked before
the sessions, they might have made participants self-conscious of their own speech.

Semi-Structured Interview

I conducted a semi-structured interview to understand participants’ experiences with the
Voice System, focusing on their experience during the study. The interview was audio-
recorded for transcription and qualitative analysis.

Participants were informed that the system was intentionally designed to speak slowly,
and questions were as follows:

e Should the Voice System change the way it speaks in terms of speed? If yes, then
how and why?

e Do you think a slow and relaxed speech could be useful and why?

e To what extent do you think a Voice System’s speaking style can impact how you
speak (scale 0-100) and why?

Debriefing and Compensation

After the interview, participants were debriefed using a prepared script (see Appendix D).
At the end of the study, we thanked the participants for their participation. Participants
received 30 CAD for full participation in the study and a prorated amount for partial
participation as compensation for their time. However, all participants completed the
study from start to finish.
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5.2.3 Participants

I advertised our study using a flyer (see Appendix D), seeking university students to partic-
ipate in our research. In total, 63 participants participated in this study (laptop condition
= 31 and robot condition = 32). To ensure consistency in what participants experience
in the sessions and the data quality, I had to drop 2 participants, one from each group,
initially. In one case, I selected the incorrect recording device, and in the second case,
the participant altered the volume settings of the laptop. After this filtering process, 61
participants remained (laptop condition = 30 and robot condition = 31). There were 16
females and 14 males in the laptop condition. Their age was in [18, 28] with M, = 22.27
and SD = 2.53. In the robot condition, there were 16 females and 14 males, and 1 was in
the ‘other’ category representing non-binary groups. The age range in this condition was
in [18, 40] with Mag = 23.97 and SD = 4.51. We can see the distribution of age in both
conditions in Figure 5.6.

For the remaining 61 participants, we had 9 rows (or data points) each—4 data points
for the 4 tasks in Session 1 and 5 rows for the 5 tasks in Session 2. Columns from the
other questionnaires were duplicated across all rows for each participant for ease of analysis.
After initial filtering, we had 61 x 9 = 549 data points. I filtered out data points where the
articulation rates, speaking durations, or number of syllables were outside the inter-quartile
range for the speech samples of that task, and then manually verified these outliers. Since
the study involved multiple tasks, with tasks 2 and 3 including subtasks, some participants
did not complete certain tasks or subtasks as instructed. As a result, I excluded the
corresponding data points. In total, six data points were dropped: one each from Task 2
and Task 3 in Session 1, one from Task 2 in Session 2, and three from Task 5 in Session 2.
Two of these six data points that were dropped were from the same participant, and the
other four were from separate participants. Finally, we had 543 data points.

5.2.4 Data Processing and Analysis

Before we discuss how I processed and analyzed the data, it is important to revisit the types
of data we have. This study gathered data through questionnaires and audio recordings.

e Questionnaires:

— Pre-study questionnaire: Collected demographic information such as age,
gender, and TIPI.

— Session-based questionnaires:
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* Self-Assessment Manikin (SAM): Collected before and after each ses-
sion.

x Confidence assessment: After the sessions, the participants rated their
confidence in responding to Task 1, Task 4, and Task 5 (Task 5 was only in
Session 2).

— Post-study questionnaire: Collected at the end of the study, discussed in
detail in the previous sections.

e Audio Recordings:

— Session Recordings: Audio samples were collected during the sessions to
capture participants’ verbal responses for each task in both sessions. Entire
sessions were recorded, and relevant samples were later extracted.

— Interview Recordings: Interviews were audio recorded for transcription and
qualitative analysis.

Complete audio recordings of each session were collected and analyzed. Since all tasks
followed a predefined script, the expected speaking moments were identified. The times-
tamp when the voice system first spoke was marked, and a Python script extracted par-
ticipant responses from the audio recordings. Finally, manual verification was conducted
by me to ensure accuracy. After extracting the speech segments, I applied a high-pass
Butterworth filter (80 Hz stopband, 100 Hz passband) to remove low-frequency noise and
enhance speech clarity. Using SciPy® and pydub?, the script extracted audio files and
filtered out unwanted frequencies while preserving the speech signal. Each segment was
loaded, filtered, and saved in a clean directory structure, ensuring consistency across all
participants and sessions.

To extract speech metrics, I used the Praat Syllable Nuclei v3 Script [13]. Using Praat,
I calculated the articulation rate, pause ratio, and pause rate for each audio file that
was extracted for each task. Praat detects syllable nuclei and speech intervals. I recorded
two audio clips in the lab—one while the robot was speaking and another when the room
was silent—to analyze background noise using Welch’s Power Spectral Density plots. I
consulted with Professor Ewen MacDonald, a speech analysis expert, to determine the
appropriate parameter values for the previously discussed high-pass Butterworth filter and
also for the Praat script. I had passed the following parameters to the script: a silence
threshold of —15 dB, a minimum dip of 2 dB, and a minimum pause duration of 0.20

8https://scipy.org/
9https://pypi.org/project/pydub/
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seconds. I recorded an audio clip in the lab when the study was not in progress and the
room was unoccupied, to capture the ambient background noise.

Using a Python script, each audio file was processed through the Praat script to extract
the following metrics:

e Syllable count (Ngyuqapes): The total number of detected syllables.

e Speaking duration (Tpc.king): The total duration of all speech intervals (in sec-
onds).

Pause duration (7},4.s.): The total duration of silent gaps between speech intervals
(in seconds).

Total utterance duration (7}, ): The time from the start of the first utterance
to the end of the last utterance.

e Number of pauses (Npuuses): The count of silent pauses between speech intervals.

Using these values, I computed the following key metrics:

Articulation Rate (AR) measures the rate of syllables produced per second during
speech-only segments and is defined as:

NS aoles
AR = yllales (5.1)

Tspeak:ing

Pause Rate (P, ) indicates the number of pauses per second:

N,
Pra .= pauses 5.9
! Eotal ( )

Pause Ratio (PR) represents the proportion of time spent pausing relative to the
total utterance duration:

T,
PR = B2 5.3
Ttotal ( )

These metrics provide insights into the speaking patterns across different participants
and tasks. For Task 2, we had ten separate sentence repetition recordings per session, and
for Task 3, we had four separate picture descriptions. For each subtask (in Tasks 2 and 3),
I computed the average of these metrics for that specific task within the session. Finally,

79



I prepared a single dataset by merging the speech metrics dataset with the questionnaires
dataset, ensuring all collected data was structured for statistical analysis.

To ensure consistency in categorizing participants’ self-reported English accents, they
were then grouped into broader categories. North American English (e.g., American, Cana-
dian, Greater Toronto Area (GTA)), British English, Indian English, Asian English (e.g.,
Chinese, Korean), Persian/Iranian English, Other (for accents not fitting predefined cate-
gories), and Unspecified (for missing or unclear responses). This standardized classification
helped maintain consistency in analyzing participants’ language backgrounds.

Before discussing the various models used for statistical analysis, it is important to
first list the different types of data I had collected. This will decide the transformations
in data or selection of models. The dataset consists of numerical, categorical, and
ordinal variables. An example of ordinal data would be for the question: How often does
the participant speak in English in their daily life? with response options: Never, Rarely,
Sometimes, Often, All the time.

We can treat categorical variables as factors in Linear Mixed-effects Models (LMMs)
[15]. However, for ordinal predictors, we cannot treat them as categorical, as that would
result in a loss of information since we have a ranking between various options: Never <
Rarely < Sometimes < Often < All the time. We also cannot simply assign them numerical
values and treat them as numeric variables (1, 2, 3, 4 and 5), as that would assume a linear
relationship. To properly deal with this, we can treat ordinal data as ordered factors,
allowing the LMM model to estimate relationships where it assumes linear, quadratic, cu-
bic, or fourth-order trends with ordinal variables. These relationships in some cases will
be listed in the reported tables of model outputs. To determine the simplest model that
best fits the data, I first treated each ordinal variable as numeric and then as an ordered
factor, compared model fits using ANOVA, and selected the model with the best fit.

In the case of SAM when analyzing post-session emotional states, the ordinal variable is
a response variable instead of a predictor. Therefore, I used a Cumulative Link Mixed-
Effects Model (CLMM) [34] instead of an LMM.

For predicting some post-study questionnaire responses, such as overall likability, how
intelligent the participants found the Voice System, how much attention the participants
paid to the Voice System, and how involved they were in the interactions, I used a regular
Linear Regression Model since we had one observation per participant and no repeated
measures.

In order to examine the data distribution and normality, I plotted histograms for contin-
uous data and bar plots for categorical data that we plan to predict through our statistical
models (see Figures 5.7, 5.8 and 5.9). We can also refer to the Q-Q plots for continuous
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data in Figure 5.10. For most plots the data looks approximately normally distributed.
In order to choose the simplest LMM model that satisfies my explorations towards the
research questions, I will consider factors that would reasonably be expected to impact
the speech metrics. The distribution for Accent Categories, as seen in the Figure 5.11,
shows that the data is highly imbalanced among different classes. On the other hand, the
distribution for native and non-native speakers (see Figure 5.12) is more balanced and will
serve the same purpose of studying the impact of being a non-native or native speaker
on the speech metrics of participants. I accounted for individual differences by includ-
ing participant-specific random intercepts. To reduce the Akaike’s Information Criterion
(AIC) [21], only a subset of these factors were kept in the models. I validated the models
by standard diagnostic tests, including the examination of residuals through histograms
and Q-Q plots for assessing normality, and scatter plots of residuals versus fitted values
to check for homoscedasticity, ensuring that the assumptions underlying linear regression
were met.

5.3 Results

In this section, I report the results of statistical analyses using linear mixed-effects regres-
sion models, cumulative link mixed models, or standard linear regression models, depending
on the nature of the response variable being predicted. Note that I have not reported or
discussed the effects of Gender for the “Other” category, as this group included only one
participant, compared to 32 females and 28 males. Although the models included this
category, statistical significance based on a single data point is not interpretable and was
therefore excluded from further discussion. I have also reported the results of the thematic
analysis of interviews with participants at the end of the study.

In the analysis of this study, I ran multiple tests on similar metrics such as speech
metrics (articulation rate, pause rate, and pause ratio), emotional states (valence, arousal,
control), and experience ratings by participants (likability, perceived intelligence, and at-
tention and involvement) with the Voice System that increases the risk of introducing Type
I errors. In consultation with another researcher at SIRRL, I considered statistical results
to be significant only when p < 0.01 rather than p < 0.05. This new threshold is compar-
atively stricter. I will report all the results but discuss only those factors with a p-value
below this threshold as significant.

Additionally, for categorical predictors such as tasks and ordinal predictors with multi-
ple levels (e.g., SAM ratings), I applied the Bonferroni correction [19] by adjusting p-values
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Histogram and Density Plot of Pause Rate
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Figure 5.7: Histogram and Density Plot for Articulation Rates, Pause Rates and Pause

Ratios of Participants
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Histogram and Density Plot of Overall Likability Histogram and Density Plot of Robot Involvement
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Figure 5.8: Histogram and Density Plot for Overall Likability, Involvement with the Voice
System, Perceived Intelligence of the Voice System and Attention Towards the Voice System
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Bar Plot of Control Pre-Session Scores Bar Plot of Control Post-Session Scores
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Figure 5.9: Bar Plots for Control, Arousal, and Valence Scores for both Pre- and Post-
Session
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Q-Q Plot of Articulation Rate

Q-Q Plot of Pause Rate
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Participant Count by English Accent Category

40
30
2
5]
a2
2
£
<
o
B 20
2
€
=1
z
10
0
$ > S & S &
S S $ é ¢ S 4
‘é&& é&& &0 ot ‘&& Q@@ &f
& & & & & ;
S &
& &

English Accent Category

Figure 5.11: Participant count by English Accent Category

Participant Count by English Native Status

30

20

10

0-
No Yés

English Native

Number of Participants

Figure 5.12: Participant count by English native language status
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Table 5.2: LMMs predicting articulation rate in Session 1

Covariate Estimate  SE t p (Corrected)
Task 2 -0.182  0.047 -3.866 otk
Task 3 -0.180  0.047 -3.808 otk
Task 4 0.158 0.047  3.366 ok
Voice System Speech Speed 0.006 0.003 1.959 .

Voice System Intelligence -0.005  0.002 -2.987 ok

2op<.1; % op<.05; ** p < .01; ***: p < .001. Reported p (Corrected) values are Bonferroni-adjusted.

according to the number of repeated tests for those factors. For example, if session 1 in-
cludes four tasks, then Tasks 2, 3, and 4 are compared against Task 1. Since this involves
three comparisons, the raw p-values were multiplied by 3 (capped at 1) to control for the
increased risk of Type I error. Following these correction measures makes the results more
reliable.

5.3.1 Articulation Rate Models

We can see the effect on Articulation Rates of participants across tasks in both sessions in
Figure 5.13.

Session 1:

As seen in Table 5.2, articulation rate significantly varied across tasks, with participants
speaking more slowly in Task 2 (SE = 0.047, ¢t =-3.866, p < .001) and Task 3 (SE = 0.047,
t =-3.808, p < .001) compared to Task 1 which serves as the baseline sample. Articulation
rate was significantly higher in Task 4 (SE = 0.047, t = 3.366, p < .001). There was a
positive relationship between the Voice System’s speech rate and participants’ articulation
rate, but without reaching significance (SE = 0.006, t = 1.959, p = .055) based on the
new threshold of p < 0.01. Perceived intelligence of the Voice System negatively impacted
articulation rate (SE = 0.002, ¢ = -2.987, p = .004), suggesting that participants spoke
more slowly when they perceived the Voice System as more intelligent.
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Articulation Rates for Each Task in Session 1 Articulation Rates for Each Task in Session 2
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Figure 5.13: Participants’ articulation rates across tasks for both sessions. Significance
levels: *: p < .05, **: p < .01, ***: p < .001, .: p < .1.
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Table 5.3: LMMs predicting articulation rate in Session 2

Covariate Estimate SE t p (Corrected)
Task 2 -0.517  0.044 -11.637 otk
Task 3 -0.497  0.044 -11.247 ok
Task 4 -0.109  0.044 -2.464

Task 5 0.097 0.045 2.164

Perceived Fast Speech  0.130  0.045  2.896 oK
English Comfort 0.006  0.003 2.021 *

2op<.1;*p<.05; ¥* p < .01; ¥***: p < .001. Reported p (Corrected) values are Bonferroni-adjusted.

Session 2:

For the second session as seen in Table 5.3, articulation rates significantly varied across
tasks, with participants speaking more slowly in Task 2 (SE = 0.044, t = -11.637, p <
.001) and Task 3 (SE = 0.044, t = -11.247, p < .001) compared to Task 1. Task 4 led
to a decrease in articulation rate, but it did not reach significance (SE = 0.044, t = -
2.464, p = .058) based on the new threshold of p < 0.01 and Bonferroni corrections to the
p-value.. Participants who self-reported that they are judged by others as fast speakers
demonstrated significantly higher articulation rates (SE = 0.045, t = 2.896, p = .003).
People who reported more comfort in speaking English had a higher articulation rate with
approaching significance (SE = 0.03, ¢t = 2.021, p = .005).

5.3.2 Pause Rate Models

We can see the effect on Pause Rates of participants across tasks in both sessions in Figure
5.14.

Session 1:

For the first session, as shown in Table 5.4, participants spoke with a significantly lower
pause rate in Task 2 (SE = 0.019, t = -8.924, p < .001), while pause rate did not sig-
nificantly differ in Tasks 3 and 4. People in the Robot condition had a negative effect on
pause rate with approaching significance (SE = -0.056, ¢t = -2.076, p < .042). Task 4 had
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Pause Rates for Each Task in Session 1 Pause Rates for Each Task in Session 2
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Figure 5.14: Participants’ pause rates across tasks for both sessions. Significance levels: *:
p < .05, **: p < .01, ***: p < .001, .. p < .1

a positive effect on pause rate but did not reach significance (SE = 0.019, ¢ = 2.189, p <
.09) after applying Bonferroni correction and the stricter significance threshold.

Session 2:

For the second session, as seen in Table 5.5, participants exhibited significantly lower
pause rates in Task 2 compared to Task 1 (SE = 0.019, ¢t = -7.636, p < .001). However,
no significant differences were observed in pause rates for Tasks 3, 4 and 5. Pre-session
Valence (SE = 0.023, t = -2.283, p < .026) had a negative effect and pre-session Control
(SE = 0.020, t = 2.259, p < .028) had a positive effect on the pause rate with approaching
significance. Overall likability reported by the participants towards the Voice System had
a negative effect with approaching significance (SE = 0.001, ¢ = -2.515, p < .015).
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Table 5.4: LMMs predicting pause rate in Session 1

Covariate Estimate  SE t p (Corrected)
Condition (Robot) -0.056  0.027 -2.076 *

Task 2 -0.169  0.019 -8.924 otk
Task 3 -0.021  0.019 -1.090

Task 4 0.041 0.019 2.189

Gender (Male) 0.030  0.028 1.081

Agreeableness 0.024 0.016 1.508

Emotional Stability 0.013 0.012 1.084

2op <1y op <.05; ¥ p < .01; ¥ p < .001. Reported p (Corrected) values are Bonferroni-adjusted.

Table 5.5: LMMs predicting pause rate in Session 2

Covariate Estimate  SE t p (Corrected)
Task 2 -0.147  0.019 -7.636 otk
Task 3 -0.035  0.019 -1.832

Task 4 -0.002  0.019 -0.098

Task 5 0.031 0.019 1.574

Valence (Pre-Session)  -0.052  0.023 -2.283 *
Control (Pre-Session) ~ 0.046  0.020 2.259 *
Overall Likability -0.002  0.001 -2.515 *

2op<.1; % op < .05; ¥* p < .01; ¥**: p < .001. Reported p (Corrected) values are Bonferroni-adjusted.

5.3.3 Pause Ratio Models

We can see the effect on Pause Ratios of participants across tasks in both sessions in Figure
5.15.
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Pause Ratio for Each Task in Session 1 Pause Ratio for Each Task in Session 2
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Figure 5.15: Participants’ pause ratios across tasks for both sessions. Significance levels:
*op < .05, o p < .01, R p <001, . op < 1.

Session 1:

As shown in Table 5.6, participants had significantly lower pause ratios in Task 2 compared
to Task 1 (SE = 0.013, ¢t = -14.216, p < .001). In contrast, neither Task 3 nor Task 4
showed significant differences in pause ratio compared to Task 1. Participants in the Robot
condition had a lower pause ratio in comparison to the participants in the Laptop condition
(SE =0.021, t =-1.743, p < .09), but without a significant effect based on the threshold of
p < 0.01. Male participants had higher pause ratios in comparison to the baseline female
condition, without reaching significance (SE = 0.021, ¢t = 1.851, p < .07).
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Table 5.6: LMMs predicting pause ratio in Session 1

Covariate Estimate SE t p (Corrected)
Condition (Robot)  -0.036  0.021 -1.743 :

Task 2 -0.184  0.013 -14.216 otk
Task 3 0.020 0.013  1.507

Task 4 0.015 0.013 1.191

Gender (Male) 0.038  0.021 1.851

2op<.1; % op<.05; ** p < .01; ***: p < .001. Reported p (Corrected) values are Bonferroni-adjusted.

Session 2:

As shown in Table 5.7, participants had significantly lower pause ratios in Task 2 compared
to Task 1 (SE = 0.014, ¢t = -12.143, p < .001). At the same time, Tasks 3, 4, and 5 did
not show significant differences in pause ratios compared to Task 1.

Affective states reported before the session, as measured by the SAM questionnaire, also
influenced pause behaviour. Higher pre-session Valence was associated with significantly
lower pause ratios (SE = 0.016, t = -4.277, p < .001), while higher perceived Control was
linked to significantly higher pause ratios as (SE = 0.014, ¢t = 3.036, p = .03). Participants
who are perceived as slow speakers had higher pause ratio with approaching significance
(SE = 0.014, t = 2.565, p = .013).

5.3.4 Effect of Session on Speech Metrics
To understand the effect of different session on the speech metrics I further analyzed how
articulation rate, pause rate, and pause ratio changed across sessions for different tasks in

Table 5.8. I dropped the Task 5 data for all participants in this analysis as it was only
used in Session 2. The baseline conditions were Session 1 and Task 1.

Articulation Rate
Overall, articulation rate was significantly higher in Session 2 compared to Session 1 (SE =

0.053, t = 4.189, p < .001). However, the effect of session differed across tasks. Compared
to Task 1 for Session 1, articulation rate showed a greater decline in Session 2 for Task 2

93



Table 5.7: LMMs predicting pause ratio in Session 2

Covariate Estimate  SE t p (Corrected)
Condition (Robot) -0.039  0.019 -2.033

Task 2 -0.165  0.014 -12.143 otk
Task 3 -0.005  0.013 -0.372

Task 4 -0.016  0.013 -1.213

Task 5 0.002 0.014 0.126

Gender (Male) 0.013  0.019 0.675

Valence (Pre-Session) -0.068  0.016 -4.277 otk
Control (Pre-Session) 0.044  0.014 3.036 ok
Perceived Slow Speech 0.036 0.014  2.565 *

2p<.1; % op < .05; ** p < .01; ***: p < .001. Reported p (Corrected) values are Bonferroni-adjusted.

(SE = 0.076, t = -4.404, p < .001), Task 3 (SE = 0.076, t = -4.193, p < .001), and Task

4 (SE = 0.075, t = -3.539, p < .001).

Pause Rate

Pause rate was significantly lower for Task 2 compared to Task 1 for Session 1 (SE = 0.019,
t =-8.691, p < .001). A main effect for Session 2 was not found, nor were there significant

session-by-task interactions.

Pause Ratio

Pause ratio was significantly lower for Task 2 compared to Task 1 for Session 1 (SE =
0.015, t = -12.689, p < .001), but no significant session-by-task interactions were found.
This indicates that while Task 2 consistently had lower pause ratios, the difference between

sessions was not statistically significant.
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Table 5.8: LMMs predicting articulation rate, pause rate, and pause ratio across all sessions
and tasks

Covariate Estimate  SE t p (Corrected)
Articulation Rate

Session Number (Session 2)  0.223  0.053  4.189 ok
Task 2 -0.183  0.054 -3.419 ok
Task 3 -0.180  0.054 -3.365 koK
Task 4 0.158 0.053  2.962 ok
Session 2 x Task 2 -0.334  0.076  -4.404 otk
Session 2 x Task 3 -0.317  0.076 -4.193 ok
Session 2 x Task 4 -0.267  0.075 -3.539 otk

Pause Rate

Session Number (Session 2)  0.009  0.019  0.443

Task 2 -0.169  0.019 -8.691 otk
Task 3 -0.020  0.019 -1.008
Task 4 0.041 0.019 2.129
Session 2 x Task 2 0.021 0.027 0.771
Session 2 x Task 3 -0.016  0.027  -0.567
Session 2 x Task 4 -0.043  0.027 -1.574

Pause Ratio

Session Number (Session 2) 0.018  0.014 1.245

Task 2 -0.185  0.015 -12.689 ook
Task 3 0.020 0.015  1.390
Task 4 0.015 0.014  1.060
Session 2 x Task 2 0.020 0.021  0.978
Session 2 x Task 3 -0.025  0.021 -1.230
Session 2 x Task 4 -0.032  0.020 -1.548

2op <1 % p <055 **op < .01; ¥ p < .001. Reported p (Corrected) values are Bonferroni-adjusted.
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5.3.5 Self-Assessment Manikins (SAM)

Participants’ emotional responses before and after the session were captured using SAM.
The CLMM model for post-session Arousal is reported in Table 5.9. CLMM is used as the
response variable here, the SAM ratings are ordinal in nature.

Valence:

The participants’ overall likability of the session enhanced their post-session Valence (SE
= 0.021, z = 4.631, p < .001) with a significant effect. A strong quadratic effect of
pre-session Valence was observed, where higher initial Valence significantly increased post-
session Valence (SE = 1.003, z = 5.514, p < .001). When we look at the cubic trend, it
revealed that this relationship was not strictly linear, with pre-session Valence negatively
influencing ratings (SE = 0.486, z = -2.559, p = .010) with approaching significance.
Participants in the second session reported significantly lower post-session Valence than
those in the first session (SE = 0.241, z = -4.507, p < .001).

Arousal:

The data shows that participants’ pre-session Arousal significantly predicted post-session
Arousal ratings, where a strong linear effect was observed (SE = 1.363, z = 4.870, p < .001).
Perceived intelligence of the Voice System was also found to positively influence Arousal,
with higher perceptions of intelligence leading to significantly greater post-session Arousal
(SE = 0.024, z = 2.047, p = .041) with approaching significance. Also, the participants
in the second session reported significantly lower post-session Arousal compared to the
first session (SE = 0.224, z = -3.479, p < .001). This indicates that different sessions or
repeated exposure had an impact on Arousal responses.

Control:

When asked about the perceived sense of Control over the current situation to the par-
ticipants, their pre-session Control strongly predicted their post-session Control, with a
significant linear effect (SE = 1.123, z = 10.031, p < .001) (see Table 5.9). A significant
quadratic effect ((SE = 0.951, z = -3.110, p = .002) was also seen, suggesting a non-linear
relationship between pre- and post-session Control. On top of that a cubic effect further
suggests complexity in how pre-session control shaped post-session responses (SE = 0.531,
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z = 4.531, p < .001). Even for the ratings regarding participants’ sense of Control in the
current situation, the participants in the second session reported significantly lower post-
session Control compared to the first session (SE = 0.254, z = -4.323, p < .001). Session
2 appears to have a negative effect on all post-session SAM emotion ratings compared to
Session 1.

5.3.6 Experience with the Voice System

Participants rated their experience with the Voice System based on likability, their level
of involvement in interactions with the Voice System, the extent to which they felt they
were interacting with an intelligent being, and how much attention they paid to the Voice
System. The results are summarized in plots against Condition in Figure 5.16 and in Table
5.10.

Overall Likability:

Overall likability was significantly associated with involvement with the Voice System and
perceived intelligence of the Voice System. Participants in the robot condition rated the
voice system as more likable compared to those in the baseline laptop condition (SE =
3.254, t = 2.532, p = .014) with approaching significance. Additionally, participants who
were more involved in the interactions reported higher likability ratings (SE = 0.092, ¢
= 3.223, p = .002). Similarly, perceptions of higher Voice System’s intelligence were also
positively associated with overall likability (SE = 0.089, ¢ = 2.740, p = .008).

Involvement:

Participants who rated the Voice System as more likable were also more involved in the
interactions (SE = 0.135, ¢ = 2.432, p = .018) with approaching significance. Perceptions
of Voice System’s intelligence had a similar positive effect (SE = 0.100, ¢ = 3.053, p =
.003), with people who perceived the Voice System as more intelligent were more involved
in the interactions. The participants who paid more attention to the voice system reported
higher robot involvement (SE = 0.085, ¢t = 4.881, p < .001).

Intelligence:

Participants who rated the Voice System as more likable also perceived it as more intelligent
(SE = 0.149, t = 3.002, p = .004). Similarly, those who were more involved in the
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Table 5.9: CLMM predicting post-session SAM

Covariate Estimate SE z p (Corrected)
Valence

Overall Likability 0.097 0.021 4.631 otk
Valence Pre-Session (Linear) -1.062  1.258 -0.844

Valence Pre-Session (Quadratic) — 5.533  1.003  5.514 o
Valence Pre-Session (Cubic) -1.244  0.486 -2.559 *
Session Number (Session 2) -1.086  0.241 -4.507 Aotk
Arousal

Arousal Pre-Session (Linear) 6.641  1.363 4.870 otk
Arousal Pre-Session (Quadratic) — 1.226  1.106 1.108

Arousal Pre-Session (Cubic) -0.226  0.667 -0.338

Arousal Pre-Session (4th Order)  -0.126  0.332 -0.379

Voice System Intelligence 0.050 0.024  2.047 *
Voice System Attention -0.033  0.024 -1.349

Voice System Involvement 0.055 0.031 1.765 :
Session Number (Session 2) -0.778  0.224 -3.479 o
Control

Control Pre-Session (Linear) 11.266  1.123 10.031 otk
Control Pre-Session (Quadratic)  -2.957  0.951 -3.110 ok
Control Pre-Session (Cubic) 2406  0.531 4.531 otk
Control Pre-Session (4th Order)  -0.531  0.322 -1.647

Session Number (Session 2) -1.098  0.254 -4.323 otk

2op<.1;*p < .05; ¥* p < .01; ***: p < .001. Reported p (Corrected) values are Bonferroni-adjusted.

interactions also reported significantly higher intelligence ratings of the Voice System (SE
= 0.109, t = 4.356, p < .001). A demographic effect was observed, where participants
who identified as native English speakers rated the robot as significantly less intelligent
than non-native speakers (SE = 4.237, t = -3.425, p = .001). This suggests that non-
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Figure 5.16: Participants experience with the Voice System in terms of Overall Likability,
Involvement, Intelligence, and Attention. Significance levels: *: p < .05

native speakers may have had different expectations or experiences with the system that
influenced their ratings.

Attention:
Overall likability was the only predictor of perceived attention paid to the Voice System

that achieved significance, where participants who rated the system as more likable also
paid significant attention to (SE = 0.160, ¢t = 4.380, p < .001).
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Table 5.10: LMs predicting overall likability, involvement, intelligence, and attention

Covariate Estimate  SE t P
Overall Likability
Condition (Robot) 8239 3254 2532 %

Voice System Involvement — 0.297  0.092 3.223  **
Voice System Intelligence 0.244  0.089 2.740  **

Involvement

Overall Likability 0.329  0.135 2432 *

Voice System Intelligence 0.304 0.100 3.053  **
Voice System Attention 0.415 0.085 4.881 ***
Intelligence

Overall Likability 0.448  0.149 3.002 **
Voice System Involvement — 0.476  0.109 4.356  ***
English Native (Yes) -14.510  4.237 -3.425
Attention

Overall Likability 0.702  0.160 4.380 ***

2op <1 % p <055 ¥ op < .01 R p <001

5.3.7 Thematic Analysis of Interview Questions

To understand how participants perceived the Voice System’s speech, I explored their pref-
erences regarding its speaking style. I also examined the perceived usefulness of slow and
relaxed speech and whether they believed it could impact how they speak. To gather these
insights, I conducted a short open-ended interview after the study. The audio responses
from the recordings were transcribed using OpenAIl’s Whisper!® [07], an open-source tool
that was run locally on my laptop. I manually verified the transcriptions before analyzing
them. Using a six-step Thematic Analysis [23]. T analyzed responses to the three ques-
tions for each participant. I conducted the Thematic Analysis of all the data, and another
researcher at SIRRL independently reviewed 25% of the data. Later, I verified interrater
reliability for the three analyses by using Krippendorff’s alpha, which is a widely recom-

Onttps://github.com/openai/whisper
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Table 5.11: Themes for the Voice System speech speed Preferences

Theme Quote

Faster Speech Preferred [A1T1] “...too slow for me personally because I feel
like I'm fluent in English”

Slow Speech Reduces Engage- | “..more difficult to focus when the robot was

ment [A1T2] speaking too slowly”

Balance for Non-Native Speakers | “..the pace was okay because for some listen-

[A1T3] ers for whom English is not their native lan-

guage, I feel that it’s good because they might
have some accent issues... ”

Add Expressiveness to Avoid | “..increasing the speed a little bit or adding

Monotony [A1T4] more emotion to it would help because it felt
very monotone at some points”

Should Not Change [A1T5] “..the voice system is fine as it is...So it was

slow, so I can understand and follow the di-
rections of the study”

mended reliability measure [73]. The alpha values were 0.968, 0.977 and 0.948 for the
three questions, indicating a high level of agreement. I have assigned codes in the format
AXTY, where A signifies ‘answer’, X represents the question number (1, 2, or 3), T stands
for ‘theme’, and Y is the serial number assigned to the theme. In the discussion below, I
have also included the percentage of responses in each condition, using L for the Laptop
condition and R for the Robot condition.

Preferences towards Voice System Speech

In the first question, I asked the participants if the Voice System should change the way
it speaks, and if yes, then how and why. Based on their responses, I found the following
themes:

e Faster Speech is Preferred [A1T1] [L=93.55%, R= 78.12%]: The majority
of participants responded that they found the Voice System to be very slow. They
preferred the natural human speed of talking. Some complained that the slower
speech resulted in unnatural pauses and gaps that disrupted the flow.
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e Slow Speech Reduces Engagement [A1T2] [L=38.71%, R= 46.88%]: Many
participants found it difficult to maintain focus when the Voice System spoke too
slowly. They reported getting bored and eventually getting distracted. The slow
pace made them “zone out” or made them feel that the conversation was “dragging

on”.

e Balance for Non-Native Speakers [A1T3] [L=3.23%, R= 12.50%]|: The
speech should be slow enough for it to be understandable for non-native speakers.
Even with slow speech, it should sound clear and natural without broken pronun-
ciations. Too fast a speech could make non-native speakers struggle to process and
understand the information well.

e Add Expressiveness and Avoid Monotony [A1T4] [L=9.68%, R= 3.12%]:
Some participants suggested that we can make the speech more expressive to reduce
a monotonous feeling. The monotonous tone made it harder for them to stay focused
and also caused boredom.

e Should Not Change [A1T5] [L=3.23%, R= 12.50%)]: Some participants felt
that the Voice System should not change because the Voice System’s slow pace made
it easier to understand instructions for the different tasks.

Perceived Usefulness of Slow Speech

e Slow Speech Helps Certain Listeners [A2T1] [L=45.16%, R= 50%]: It
was suggested that slow speech can be useful for non-native speakers by allowing
time to process and understand language. Some people translate words to their
native language in their minds. It might also be useful to increase comprehension for
young children, older adults, and individuals with hearing impairments or cognitive
difficulties.

e Useful for Relaxation and Special Cases [A2T2] [L=25.81%, R= 18.75%]:
Some participants mentioned that slow speech can be helpful for relaxation when
they are tired. Others pointed out that it could be beneficial in special cases, such
as therapy or de-escalation situations, where a slower pace helps people feel more at
ease.

e Can Enhance Friendliness [A2T3] [L=12.90%, R= 6.25%)]: Some participants
mentioned that slow speech can make a voice seem more friendly and approachable.
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Table 5.12: Themes for perceived usefulness of slow speech

Theme Quote

Slow Speech Helps Certain Lis- | “...for people that might not speak English

teners [A2T1] or that have some sort of speech or hearing
disability”

Useful for Relaxation [A2T2] “...useful in situations where a person is try-
ing to relax”

Enhances Friendliness [A2T3] “It’ll seem more friendly, and it’s good for
customer service”

Excessive Slowness Reduces En- | “...sometimes it’s too boring and the person

gagement [A2T4] loses interest”

Useful [A2T5] “I do think it can be useful”

Not Useful [A2T6] “...but this is slow, and I don’t think this will
be useful”

Helps Focus and Clarity [A2T7] “...slow and relaxed speed is useful as it helps

you to focus on the main information”

Others noted that a slower pace and a gentle tone can create a sense of kindness and
trust.

Excessive Slowness Reduces Engagement [A2T4] [L=6.45%, R= 9.38%]:
Some participants found excessive slowness frustrating or boring which made them
them lose interest. Others reported that they felt disengaged, with one mention-
ing it caused yawning and another noting that the Voice System broke up words
unnaturally. Participants indicated that a balanced speech rate was ideal.

Useful [A2T5] [L=90.32%, R= 90.62%)]: Most participants mentioned that it
can be useful in general or some specific reasons covered in other themes.

Not useful [A2T6] [L=9.68%, R= 3.12%]: A few participants indicated that
the way in which slow and relaxed speech was implemented in this study might not
be useful. They pointed out that when speech is too slow, it can break up words
unnaturally and that reduces overall comprehension.

Helps Focus and Clear Understanding [A2T7] [L=9.68%, R= 21.88%]:
Some participants mentioned that slow speech helps them stay focused and prevents
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Table 5.13: Themes for impact of the Voice System on user speech

Theme Quote

Mirror Speech Patterns [A3T1] “I feel like while I was responding to the ques-
tions, I was talking a little bit slower than I
would normally do.”

Some Individuals Are Unaffected | “...if the robot speaks slow, then I will speak

[A3T2] at my normal speed. Even if the robot speaks
way fast, I'll still try to speak at my normal
speed”

Long-Term  Exposure Shapes | “If I interacted with the voice system a lot,
Speech [A3T3] then maybe it would have more impact”

Some Users Counteract Slow | “I was sort of really annoyed with the voice,
Speech [A3T4] I think I tended to speak faster. Like maybe

when I was responding, I was like, Okay, that
took so long, let me just get my response out

of the way”,
High Impact (70-100) [A3T5] “I"d probably give it like a 90% impact”
Medium Impact (35-70) [A3T6] | “I think maybe like 60 or 70”
Low Impact (0-35) [A3T7] “I think 10. I don’t think it would impact

my speaking as much”

Affects Content [A3TS] “..when I was looking at the pictures and
stuff, the robot was putting a lot of detail
and stuff. So then it was making me think,
oh maybe I should put more detail”

them from losing track of the conversation. One of them suggested that it can be
useful for making important announcements in railway stations or other crowded
places.

Impact of Voice System on User Speech

e Speech Mirroring is Common [A3T1] [L=41.94%, R= 46.88%)]: Many par-
ticipants indicated that they tend to match the speech patterns of the Voice System
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in terms of speed and tone. They mentioned that it is natural for humans to match
the communication style of their conversation partners.

Unaffected [A3T2] [L=25.81%, R= 31.25%]: Several participants stated that
the robot’s speech did not impact how they spoke, as they naturally maintained their
usual speaking pace.

Long-Term Exposure Can Shape Speaking Patterns [A3T3] [L=12.90%,
R= 9.38%)]: Some participants mentioned that interacting with the Voice System
in this study did not change how they spoke, but frequent exposure to slow speech
over time could influence their speaking patterns. Over time, they will start adjusting
their speed or catching specific phrases of the Voice System.

Opposite Behaviour [A3T4] [L=3.23%, R= 6.25%)]: Some participants men-
tioned that instead of mirroring the slow speech, they reacted by speaking faster out
of frustration or impatience. They said that they felt agitated by the slow pace and
deliberately spoke more quickly.

High Impact [A3T5] [L=19.35%, R= 31.25%]: This theme corresponds to
participants who responded that, on a scale of 0 to 100, they felt the robot’s slow
speech would impact their speaking style by more than 70.

Medium Impact [A3T6] [L=32.26%, R= 21.88%]: This theme represents re-
sponses where the participant’s indicated the impact on their speech would be be-
tween 35 to 70%.

Low Impact [A3T7] [L=19.35%, R= 15.62%]|: Low impact refers to participants
who indicated that their speaking style would not be significantly affected, rating the
impact on their speaking style between 0 and 34.

Affects Speech Content [A3T8] [L=12.9%, R= 9.38%]: Some participants
mentioned that the robot’s speech not only influenced their speaking speed but also
affected the content of their responses. One person mentioned that when they were
describing pictures they tried to include similar phrases as the robot did.

5.4 Discussion

In this section, I will present my insights from the various analysis results of this study. I
will discuss how the results, together, help us obtain answers to the research questions in
Section 5.1.
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5.4.1 Effect on Participants’ Speech Metrics

The results of the speech metrics we studied—articulation rates, pause rates, and pause
ratio—help us understand how the participant’s speech changed across different tasks and
between the two sessions. The responses for Task 1 in a given session served as the baseline
against which all other tasks were compared.

Articulation Rate

The sentence repetition task (Task 2) is an extension of the word shadowing task commonly
studied in speech entrainment research. It not only has a significant impact but also has
the strongest effect on participants’ articulation rates. In Task 3, where participants had
to describe a picture in three sentences, it was slightly more open-ended than the sentence
repetition task. This task also significantly reduced participants’ articulation rates. We
saw an increase in articulation rate for Task 4. In Task 4, participants had to respond
to open-ended questions for 90 seconds. Overall, these findings are consistent with the
well-established concept of speech entrainment. Speakers tend to unconsciously adjust
their speech patterns to align with their conversation partners [54,941]. For Session 2,
we can see that Tasks 2 and 3 led to a greater relative drop in articulation rates when
compared to Session 1. This suggests that with longer exposures, we can observe more
speech entrainment. The plots in Figure 5.13 show an interesting trend. The relative drop
in articulation rates for Tasks 2, 3, and 4 compared to Task 1 has increased. However, the
values for these tasks in relation to their Session 1 values appear to be only slightly lower,
and this is confirmed in the Table 5.8 that only Task 2 in Session 2 for articulation rate had
a significant decrease in comparison to Task 1 in Session 1. There was no significant effect
of the condition, Robot vs. Laptop. These observations help address the first three research
questions (RQ1, RQ2 and RQ3) regarding the effect of condition, task variations within
a session, and articulation rate comparisons between sessions (see Research Questions in
Section 5.1). These findings are also supported by the themes identified in the thematic
analysis of the response to the three interview questions. More than half of the participants
felt that the Voice System’s speech will impact their speech rate either now [A3T1] or
with long-term exposure [A3T3].

Regarding RQ4, which focused on the ‘surprise’ task, Task 5—where participants were
asked to sell one of the items placed on a table to their right—this task was not mentioned
in the information sheet. We observed that participants’ articulation rates were higher to
those recorded in Task 1 of that session but it did not reach significance after applying
Bonferroni correction. This needs further investigation of scenarios when participants
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can lose their acquired slow speech when faced with an unpredictable event during the
session. For example, we should examine what happens if we introduce another structured
task such as the sentence repetition exercise immediately after the surprise task. These
scenarios would more closely resemble real-world gameplay situations used in HRI studies.
Furthermore, this finding could inform session design decisions for future speech modelling
using Social Robots if the researchers want to sustain some acquired speech patterns.

We also noticed that participants’ experience with the Voice System’s speech rate and
perceived intelligence impacted their articulation rates. Participants who perceived the
voice system as less intelligent tended to speak more slowly, with a significant effect. Even
factors related to the participants themselves had an impact. People perceived as fast
speakers by their peers exhibited a significant increase in their articulation rates. This
indicates that the impact on articulation rate is highly subjective, and solutions need to
be customized to align with individual attributes.

Pause Rate

A lower pause rate indicates that an individual took fewer pauses during their total ut-
terance duration. Task 2 led to a significant decrease in pause rate in both sessions. So |
would interpret it that participants in a sentence repetition task do not need to pause and
think as much which lead to a fewer pauses. This needs to be explored through further
studies.

Likability towards the Voice System, Pre-session Valence and Control also had an ef-
fect on pause rates in the second session, with approaching significance. The significance
threshold was made stricter by shifting to p < 0.01 from p < 0.05. Participants who
reported more positive feelings on the SAM questionnaire prior to the session tended to
have lower pause rates. This suggests that emotional state may be related to pause rate
during verbal interactions with social robots. Similarly, those who felt a stronger sense
of control over their situation also paused more frequently. This suggests that if we want
the participants to pause more, then we should have study designs that promote a sense
of control of the participants. In addition, participants who found the Voice System more
likable took less frequent pauses. Having a more likable robot can possibly cause more
involvement (see Table 5.10) of the participant, which can then decrease the pause rate.
When designing sessions with social robots to increase the pause rate, we shall consider
the effects of likability and involvement of participants in the interaction with the social
robot.
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Pause Ratio

The pause ratio measures the amount of time spent by the participant in pauses during
speech. Similar to the pause rates, Task 2 again showed a significant decrease in pause
ratio, likely due to its nature as a sentence repetition task. I would reason that participants
did not have to think before repeating a sentence, they may have spent less time pausing.
This will need further explorations to reach to a conclusion. No other task had significant
effects in both sessions.

The pause ratios are significantly affected by the pre-session Valence and Control in the
second session. Individuals who reported higher positive emotions before the session took
shorter pauses. Participants with a higher sense of control took more extended pauses. In
terms of pause rate and pause ratio, we aim to increase these metrics to achieve a slower
and more relaxed speech style. We want to design sessions that are engaging to an extent
but not overly involving, as that may reduce participants’ pausing behaviour. Having
structured sessions that promote a sense of control could possibly encourage more relaxed
pause behaviour.

These findings suggest that pause durations are shaped by both external conditions,
such as demands of the tasks and interaction context, and individual characteristics, like
pre-session Valence and Control. Further explorations and design considerations need to
be studied to develop applications that achieve the desired end goal of speech modelling.
The same approach or task will not help us decrease articulation rate and, at the same
time, increase pause rates and pause ratios.

5.4.2 Effect on Participants’ Emotional States

Through SAM, we aimed to measure emotional responses before and after each session.
The results indicate that the session number affected post-session Valence, Arousal, and
Control. The condition (robot vs. laptop) did not have a significant effect. After the
second session, participants reported lower Valence, Arousal, and Control compared to the
first session. This means after Session 1, or what happened during the gap between the
sessions, or other aspects of Session 2 (the theme or Task 5) could have played a role.
The pre-session responses showed non-linear, complex effects, indicating no direct one-to-
one relationship with post-session ratings. The overall likability had a significant positive
impact on Valence. To answer RQ5, Condition did not play a significant role in impacting
the affective states of participants. The decrease in Arousal and Control after the second
session suggests that participants felt more relaxed. This decrease could also be linked to
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disengagement. Both relaxation ([A2T2]) and disengagement ([A1T2], [A2T4]) that also
emerged as central themes in the post-study interview responses. Although the comments
were not frequent enough to form a theme in the responses to the third question, a few
participants mentioned feeling relaxed, while others reported feeling disengaged.

5.4.3 Perceptions of the Voice System

Our results from Table 5.10 indicate that various measurements of participants’ percep-
tions, such as their level of involvement in interactions with the Voice System such as
their perception of its intelligence, the amount of attention they paid to it during inter-
actions, and its overall likability (measured using a subscale of the Godspeed Likability
questionnaire), these were all interconnected to some extent. These four metrics positively
and significantly influence and reinforce one another. It shall be noted that involvement
in interactions, perceptions of the Voice System’s intelligence, and attention toward the
system were all consistently and significantly influenced by overall likability, which acted
as a positive driving factor. We reported that the participants rated the Voice System
as significantly more likable when deployed on a social robot rather than in the baseline
laptop condition. This indicates that physical embodiment affected user perception, and
this could be due to increased anthropomorphism or a stronger sense of social presence.

Participants’ background as native English speakers impacted how intelligent they felt
the Voice System to be. They rated it to be less intelligent in comparison to the ratings
by non-native speakers. This could indicate that non-native speakers may have different
expectations, and they find the system’s slow speech more aligned with their linguistic
expectations.

5.5 Limitations and Future Work

I took note of several limitations during the course of the study, and some were highlighted
through discussions with participants during the interviews. The limitations are listed as
follows:

e The participants reported the conversations in the study to be less engaging. The
primary reason behind this might be that the interactions during the sessions were
scripted and hardcoded that lacked any dynamic elements. This design choice was
planned to simplify data collection and analysis, as the primary focus was on audio
data collection.
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e Some participants found the instructions for different tasks in the study repetitive,
and they expressed frustration as a result. This redundancy was considered during
the study design phase, and we decided to retain it. Since there was no back-and-
forth conversation, it was essential for participants to fully understand their tasks.
They did not have the opportunity to ask for clarification or request the Voice System
to repeat the instructions.

e The slow speech, which was the central theme of this study, led to decreased engage-
ment and boredom among participants [A1T2], [A2T4]. The monotonous speech
of the Voice System also contributed to the lack of engagement [A1T4]. As we fo-
cused exclusively on verbal speech sample collection, the study excluded interactive
tasks involving physical actions. Engagement was not one of the metrics we aimed
to maximise in our study. Additionally, this study involved partial disclosure, we
did not inform the participants beforehand that this study was about reducing their
articulation rate, increasing their number of pauses, or taking extended pauses. The
participants were debriefed about the true purpose of the study at the end of the
study. When exploring the applications of social robots in future slow and relaxed
speech training for caregivers of stuttering preschoolers, understanding why the robot
speaks slowly could improve acceptance and tolerance of this speech pattern. It was
not unexpected that the University students who participated in our study would
find the slow speech frustrating. Providing more background on its purpose could
also potentially enhance speech entrainment, which can be further explored in future
studies. For this study, we aimed to investigate whether speech entrainment occurs
even when participants do not expect or intend to slow their speech.

e Some participants mentioned that they felt the Voice System would have impacted
their speaking style if they had spoken for longer durations. Having just two ses-
sions could have resulted in less speech entrainment in the case of some participants
[A3T3].

e In some participants, Slow speech caused the reverse effect, they felt irritated and
intentionally spoke faster to finish the tasks sooner [A3T4].

In future studies, HRI researchers can explore study designs and implementations that
are more engaging. By carefully using real-time sensing through camera or audio input,
the social robot can determine when a participant has stopped speaking. If we use such an
approach then the participants are not forced to complete their responses within a given
time while also avoid the risk of interrupting them mid-speech. Including physical props
such as toys or board games can make interaction tasks more interesting, leading to an
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increase in engagement. In our study, we observed a trend for Task 5 towards an increase
in articulation rate. This indicates that the surprise element can lead participants to drift
away from their acquired slow speech during the session. Further exploration shall be
made in the direction of having more predictive tasks (such as Task 2 and Task 3) after
the surprise task to see if participants can reacquire slow speech. Having more than one
such unscripted task would be closer to real-life scenarios and could improve participant
engagement. Conducting a similar study with children who stutter and their caregivers,
where the social robot facilitates interactive games in a slow and relaxed speech, is the
direction we intend to move forward in. Having a larger number of sessions in future studies
could also improve speech entrainment in human speech. There is also scope to go beyond
the challenges faced by stuttering preschoolers and consider voice system developments for
other age groups while exploring varied fluency shaping techniques such as syllable-timed
speech or the stretched syllable techniques [60, 114]. Combining speech entrainment with
play-based sessions has the potential for subconscious modifications in speaking patterns.

A few novel application areas emerge from the themes of the interview responses. Slow
speech can help people feel relaxed and can be used for meditation practices or with
individuals with speech or hearing impairments [A2T1], [A2T2]. Slow speech can also
be useful for non-native speakers [A1T3]. A slow speech, with a balance of factors that
can improve engagement with a social robot, can be used in areas where people need to
focus particularly on the content of speech or when making announcements in crowded
areas [A2T7].
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Chapter 6

Conclusion

6.1 Summary of Findings

In this section, I will sequentially list the research questions and objectives explored in this
thesis. I will also present the answers to these questions and the outcomes of our studies.

6.1.1 Findings of Study 1

In this study, I examined the preferences for cultural greetings based on locational context
(restaurant’s theme) for two communities (HY and ASA) that were from different cultural
backgrounds. Participants who identified with the greetings “Huan Ying” or “As-salamu
alaykum” are referred to as HY and ASA, respectively.

RQ1: Will individuals from HY and ASA groups prefer a Western greeting
or their own ethnic greeting in a restaurant whose theme resonates with their
ethnic greeting?

When participants experienced greetings in a restaurant matching their ethnic background,
results deviated from the initial hypothesis that all participants would prefer their own
ethnic greetings. The results are interpreted with consideration of the limitation that the
cultural greetings were implemented using the Pepper Robot’s English language package.
Additionally, the welcome message following the greeting was delivered in English to en-
sure comprehension for participants in both HY and ASA groups. The results suggest
that the HY participants favored popular Western greetings and this was a result of their
time spent in Western countries, concerns over accent and only the greetings and not the
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entire communication being in aligned with their culture. Based on [ 10] we formulated
a hypothesis that participants will prefer their ethnic greetings in a restaurant setting
whose theme resonates with their own ethnic greeting. ASA participants, however, aligned
with the hypothesis, preferring their ethnic greetings. Our findings suggest that familiarity
of Western greetings and accuracy implementation can play a role on cultural greetings
preferences.

RQ2: In a restaurant whose theme does not resonate with their ethnic greet-
ing or Western greeting, will people in HY and ASA groups prefer a Western
greeting, one that matches the restaurant’s theme, or their own ethnic greet-
ing?

In a restaurant whose theme did not align with their own or Western greetings neither
group (HY and ASA) showed a strong preference for any particular greeting. This finding
highlights the complex factors influencing greeting preferences. Thematic analysis revealed
that both groups showed a lower preference for their ethnic greetings in this scenario.
Some participants suggested that they value the authenticity of the experience of visiting
a restaurant of a different background theme. They were also open towards learning about
a new culture over the comfort of familiar greetings in unfamiliar cultural contexts.

6.1.2 Findings of Study 2

In this study, our research objective was to find the applications of social robots in
speech therapy clinics to help preschoolers who stutter. Our intention was to analyze
our data and come up with design considerations for these applications intended for
use by SLPs that were grounded in real-world observations.

The findings of this study highlight three key aspects of social robots in the stuttering ther-
apy of preschoolers: practical applications, interaction design considerations, and
communication design considerations. 1) In terms of practical applications, social
robots can serve as a toolbox that offers a variety of games, provide a consistent speech
model, demonstrate stuttering examples for training parents, and act as storytellers. The
social robot will complement rather than replace the role of SLPs. 2) Regarding inter-
action design considerations, the results suggest that play-based interactions can be
effective. The interactions should promoted engagement through entertainment, inter-
activity, turn-taking, and reward-based gameplay experiences while also maintaining a
structured, low-cognitive-load environment. Therapy can be made engaging through the
usage of tangible objects and that would also help reducing screentime. The social robot
can take on various roles, such as a peer, a teacher, or other supportive roles, depending
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on the context around which activities are design and the therapeutic needs. 3) commu-
nication design considerations emphasise the importance of non-generic, personalised
speech content with more descriptive comments around the activity, short sentences, re-
peated phrases, and gestures to support speech development. The speech of the robot
should sound natural and shall be slow-paced with an encouraging tone. Cultural ele-
ments could also be used to integrate familiar greetings and gestures. The robot should
also demonstrate active listening by using non-verbal gestures. The child should not be
interrupted as it is important that the child feels heard and supported.

6.1.3 Findings of Study 3

I designed this study to understand how the slow and relaxed speech of a Voice System
can impact participants’ speech metrics and emotional states. The research questions and
the findings are listed below.

RQ1: How do human speech patterns evolve between sessions when interacting
with a social robot or a laptop speaking at a slow speech rate?

We can see in Figures 5.13, 5.14 and 5.15 the line passing through the mean value of the
metric (articulation rate or pause rate or pause ratio) the baseline Task 1. We can notice
that for articulation rate, the difference for each tasks 2, 3 and 4 from the baseline value
Task 1 for that session has decreased more in Session 2. Even the estimates of statistical
results in Tables 5.2 and 5.3 indicate that. Task 2 significantly decreased the pause rates
and pause ratios in both sessions, as seen in Figure 5.14 and 5.15. Although the difference
in estimates is not high also in tables related to pause rate: 5.4 and 5.5 and pause ratios:
5.6 and 5.7. For tasks 3 and 4, the effect of pause rates and pause ratios was not significant
for both sessions to compare the impact of sessions. Table 5.8 compares all speech metrics
(articulation rates, pause rates and pause ratios) across all tasks and sessions and shows
that only Task 2 decreases in both sessions for all speech metrics.

RQ2: Is there a difference in the extent of human speech alignment when
interacting with a social robot versus a laptop speaking at a slow speech rate?

Whether participants were in the Robot condition or the Laptop condition, it did not have
any significant effect on their articulation rates. Participants in the Robot condition had
lower pause rates in Session 1 with approaching significance, and no significant effect in
pause ratio in both sessions based on the stricter threshold of p < 0.01. This indicates
that the number of pauses could decrease in the Robot condition.

RQ3: How does interacting with a social robot or a laptop speaking at a
slow speech rate influence human speech patterns across different types of

114



speech tasks (sentence repetition, picture description, and open-ended re-
sponses) within a session?

The articulation rates decreased for sentence repetition and picture description tasks within
both sessions. The articulation rate increased for the open-ended task in Session 1 but then
decreased in Session 2. Pause rates and pause ratios increase for the sentence repetition
task. For a detailed discussion, please refer to Section 5.4.1

RQ4: Does the participant maintain a consistent speech pattern during the
task of ‘surprise task’, i.e. “selling” an object to the social robot or laptop at
the end of the second session, given the subtle pressure of the task?

We noticed that the participants’ articulation rate had an increasing trend but did not
reach significance when they responded to the surprise task, see Figure 5.13 and Table 5.3.
We did not find any significant effects of the surprise task on pause rates and pause ratios.

RQ5: How do the interaction context (social robot vs. laptop) and slow speech
rate influence participants’ emotional responses (valence, arousal, and domi-
nance)

In our data, the condition did not play a role, but the second session had a negative effect
on post-session arousal and control ratings as seen in Table 5.9.

6.2 Contribution to Knowledge

This research contributes to the domain of HRI where we promote inclusivity in commu-
nication. I investigated how social robots can enhance inclusive communication from two
perspectives: effective cultural integration and applications in stuttering therapy. The first
user study explored the effects of locational context on cultural greeting preferences. In my
second and third studies, I first proposed potential applications and design considerations
for social robots in stuttering therapy, then examined whether speech entrainment could
be used to induce slow and relaxed speech in adults. Slow and relaxed speech of caregivers
may benefit stuttering therapy outcomes for preschoolers.

e Results of my first study showed the intricate relationship between a person’s identity,
reflected in their ethnic greeting. Their unique traits, and the percentage of life
lived in Western countries had an effect on how they like social robot greetings.
Participants in the HY and ASA groups indicated varying degrees of influence on
their greeting preferences due to the voice and language used by the robot throughout
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the interaction. It is important to understand the effects of these factors deeply to
develop technologies that are welcoming and culturally sensitive. Integrating user-
controlled adaptation (i.e., customization [39]) into the HRI design could ensure
robots meet diverse needs and expectations that could enhance their acceptance and
effectiveness. Customization can enhance perceived human control and promote a
sense of identity by allowing users to make personally relevant feature choices. This
actively involves users in shaping their interactions with products or systems [75].
HRI researchers must be mindful of the complexities around ethnicity and culture
while ensuring that they do not reinforce stereotypes. Such efforts can help achieving
the goal of improving the balance of autonomy between humans and systems.

e The second study explores applications of social robots in critical and sensitive do-
mains such as therapy, particularly those that involve young children that presents
unique challenges. Involving stakeholders in the design process is crucial if we want
future implementations to find its use in the field. Given the novel nature of the
applied research explorations needed for this study, we adopted the concept of C-
GTM to root our findings on the data that we encountered. The subtle aspects
identified through this study go beyond finding the applications of social robots in a
clinical setting. They go deeper into the kind of interactions and the communication
style that must be considered when designing the applications. The collective impact
of the communication style and the way the social robot interacts with the clients
and SLPs in the carefully designed game scenarios will guide us toward achieving
meaningful and effective therapy outcomes.

e In my third study, I examined how the slow and relaxed speech of a social robot im-
pacts various speech metrics of participants, such as articulation rate, pause rate, and
pause ratio. Through my in-depth qualitative and quantitative analysis, I demon-
strated that certain types of tasks are more effective in slowing down the articulation
rate compared to others. We also observed a further decrease in articulation rates
during the second session. Additionally, surprise elements in the session can possibly
lead to an increase in articulation rate, but it will need further exploration. These
observations can help HRI researchers guide the design of future studies and appli-
cations of social robots as models for slow and relaxed speech. This work could also
inspire studies around speech entrainment and other fluency-shaping techniques.

The findings of this research work contribute to the HRI knowledge through improve-
ments in cultural integration efforts and through conducting groundwork in applications
of social robots in the stuttering therapy of preschoolers. It is important to have a broader
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outlook towards inclusivity in communication, and through my work I address it from two
directions.

6.3 Limitations and Future Work

The limitations of our work in terms of cultural integration, discussed in Chapter 3 Study 1:
Greeting Preferences in a Hospitality Context: A Cross-Cultural Study with a Social Robot,
were that it was an online study with participants mainly being university students from
two communities. The interaction scenarios in that study incorporated cultural aspects
limited only to greetings, which raised questions about the authenticity and quality of
our implementation. There were also limitations related to the robot’s pronunciation and
accent, as the Pepper robot’s English language package was used to implement both the
cultural greetings and the welcome message. Additionally, there were fewer participants
from the ASA group in comparison to the HY group. Future implementations should
involve a more diverse set of populations in different contexts beyond a restaurant setting.
We can get more insights from longer duration in-person studies with specific cultural
accents and phonetics to create a more authentic interaction.

In our exploration of the applications of social robots in stuttering therapy for preschool-
ers in Chapter 4 Study 2: Design Considerations for Applications of Social Robots in the
Stuttering Clinic, I was able to shadow only a limited number of stuttering preschoolers in
therapy sessions due to challenges in obtaining parental and SLP consent within practical
geographic proximity. The shadowing sessions I observed were conducted in English with
preschoolers, the majority of whom were non-severe stutterers, which affected the general-
izability of the results. The applications and design considerations suggested in this study
need to be tested in practice to evaluate their effectiveness in helping SLPs and their clients
improve therapy sessions. In future work, we plan to prototype games and applications
based on the established design and conduct in-person studies involving preschoolers who
stutter and SLPs integrating our solutions into their sessions.

In Chapter 5 Study 3: Investigating Human Speech Rate Alignment in Response to
Slow Robot Speech we discussed our study on speech entrainment of the Voice System’s
slow speech. The study had certain limitations due to its scripted nature. Participants felt
less engaged during interactions, and repetitive task instructions, along with monotonous
communication, led to frustration and boredom for some. Future studies could use a larger
sample size and could consider including factors that promote engagement and implement-
ing real-time sensing to reduce the need for scripted sessions. Since we aim to use this
approach for caregivers of children undergoing speech therapy, they would understand the
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purpose of slow speech, which might help improve engagement. Conducting studies of
longer duration with actual families where children are undergoing speech therapy can
further validate our results. Additionally, we can use slow speech to benefit meditation
practices, non-native speakers, and public announcements, where the focus is to make the
content more accessible.
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Study 1 - Flyer
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Study 1 - Web Interface and
Questionnaires



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 14:04

UNIVERSITY OF
%) WATERLOO

Information and Consent Form

Research Team:

Principal Investigator: Professor Kerstin Dautenhahn, Department of Electrical
and Computer Engineering, University of Waterloo, Canada

Collaborator: Pourya Aliasghari, Department of Electrical and Computer
Engineering, University of Waterloo, Canada

Student Investigator: Priyank Avijeet, Department of Electrical and Computer
Engineering, University of Waterloo, Canada

Overview: In this study, we would like to ask your opinion about a service robot
that welcomes you using cross-cultural greetings in different hospitality industry
settings. Researchers are working on understanding people's likeability towards
culturally competent robots across different settings. We recruit from two
communities that are among the University of Waterloo's major demographic
groups. In this online study, we will ask you to respond to short questionnaires
each time you observe videos of a service robot performing a greeting in a
particular setting.

Procedure: The study will start after you give consent by checking the box and
pressing the button at the end of this page.

First, you will be asked to complete a short questionnaire about your
demographic information (only your gender, age, ethnicity, occupation, and

https://uwaterloo.yull.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersion|D=current Page 1 of 6
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educational level). You may choose not to answer certain questions. Next, we will
ask you some questions related to your personality and a few other aspects about
yourself.

Next, we will show you a short video of the robot where it introduces itself so that
you get a bit accustomed to its voice and appearance. Then, we will proceed to
the main experiment to watch videos in which you are welcomed in a Chinese
restaurant and an Arabic restaurant.

In each restaurant, you will experience two or three greetings. You will be then
asked to rate your experience through short questionnaires. In total, you will see
5 videos each lasting 25-30 seconds. You will be completing the study by an
online survey operated by Qualtrics. Qualtrics has implemented technical,
administrative, and physical safeguards to protect the information provided via
the Services from loss, misuse, and unauthorized access, disclosure, alteration,
or destruction. However, no Internet transmission is ever fully secure or error-
free. Please Note: We do not collect or use Internet Protocol (IP) addresses or
other information which could link your participation to your computer or
electronic device. In the post-study questionnaire, we ask two open-ended
questions to get a better understanding of your experience.

Finally, you will reach the end of the experiment and submit your responses. You
will be asked to click a link that redirects you to a remuneration details page. You
will provide your Full Name and University of Waterloo Student/Employee ID as
per your WatCard along with the Remuneration Code which you will get in the
end message of this study. We will send you your remuneration after the study
has been completed. Personal information, Name and Student/Employee ID
information collected in the remuneration details page will be stored separately
from your responses and will be deleted once the entire remuneration step has
been completed.

https://uwaterloo.yul1.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersion|D=current Page 2 of 6
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I. Your responsibilities as a participant

Participation in this study will approximately take 15-20 minutes. Your answers
to the questions will be logged. This does not require you to download anything
onto your computer. We ask you not to switch to other tasks during the
experiment.

You can complete this study only once. Your responses are valuable information
that can help us in our research. You need to complete this task on a desktop
computer or laptop, as phone or tablet screens would be too small for this study.
You need to be able to load videos for this study. Please pay attention and
provide the answers as accurately as you can.

The remuneration amount received is taxable. It is your responsibility to report
this amount for income tax purposes.

II. Your rights as a participant

Participation in this study is entirely voluntary, and you have the right to choose
not to answer any question(s) within the demographic information form. At any
point, you are free to discontinue your participation.

Remuneration: You will receive $6 loaded to your WatCard if you complete all
the steps of the experiment. If you do not wish to continue at any point, your
participation in the study will end. In the event of partial completion, should you
wish to claim remuneration, please feel free to reach out to us at
pavijeet@uwaterloo.ca. In case you have completed less than half of the
questions in the study, we will credit $3 to your WatCard. Otherwise, if you have
completed more than half, we will credit $6 to your WatCard.

Benefits of the study: Participation in this study may not provide any personal
benefit to you. However, the study will benefit the academic community and the
research team. We plan to publish the results of this study, and researchers in
the field of social robotics can potentially benefit from that. We hope the
outcomes of this experiment pave the way for designing more intelligent and
culturally competent robotic systems.

https://uwaterloo.yul1.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersionID=current Page 3 0of 6

146



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 14:04

Confidentiality of identities and data: You will not be identified individually in
any written reports of this research. Note that when information is transmitted
over the internet, privacy cannot be entirely guaranteed. There is always a risk
that your responses may be intercepted by a third party (e.g., government
agencies or hackers). Any confidential information (namely your name) will be
removed from our records after 1 month of your participation. You may
withdraw your consent and ask us to delete your data within this period by
contacting pavijeet@uwaterloo.ca. The data captured will be securely stored on a
password-protected lab server with access only for the researchers. Anonymized
data may be published publicly in the future and will be stored for a minimum of
7 years. Data may be deposited in an online public repository/database. This
process is integral to the research process as it allows other researchers to verify
results and avoid duplicating research.

III. Questions, comments, or concerns

Ethics clearance: This study has been reviewed and received ethics clearance
through the University of Waterloo Human Research Ethics Board (REB
#45545). If you have questions for the Board, contact the Office of Research
Ethics, toll-free at 1-833-643-2379 (Canada and USA), 1-519-888 4440, or
reb@uwaterloo.ca.

Contact Information: If you have any questions regarding this study, or would
like additional information about your participation, please contact us by email
at pavijeet@uwaterloo.ca.

IV. Consent

Thank you for your interest in our research and your assistance with this project.
You must be 18 years of age or older to consent to take part in this study. By
accepting this consent form, you are not waiving your legal rights or releasing the

https://uwaterloo.yul1.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersionID=current Page 4 of 6
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investigator(s) or involved institution(s) from their legal and professional
responsibilities.

You may save this page for your future reference if you prefer so.

I agree I disagree

With full
knowledge of all
foregoing, I agree,
of my own free will,
to participate in
this study.

Please note: The data from this study may be shared in an online public
repository/database. This process is integral to the research process as it allows
other researchers to verify results and avoid duplicating research.

I agree I disagree

I allow my data to
be shared in a
repository or
archive for other
researchers to
verify results and
avoid duplicating
research.

Please enter your name:

https://uwaterloo.yul1.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersionID=current Page 5 of 6
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UNIVERSITY OF

WATERLOO

Please select your ethnic greeting that matches your cultural background:

@ Huan Ying
As-salamu Alaykum

Other
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UNIVERSITY OF

WATERLOO

Before we can start, we need a few information about you (You may skip any
question that you are not comfortable answering):

Gender

Age

Ethnicity

Occupation

Education

https://uwaterloo.yull.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersionID=current Page 1 0of 2
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In which country or countries have you resided for more than 6 months? Please
provide the names of the countries along with the approximate number of years
you spent in each, using commas to separate multiple countries. For instance:

Canada (4 years), China (18 years).

Powered by Qualtrics (§
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UNIVERSITY OF

WATERLOO

How much do you identify with the Western culture?

A little Alot

How much do you identify with Chinese culture?

Alittle Alot
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UNIVERSITY OF

WATERLOO

I see myself as:

Neither
agree Agree
Disagree Disagree Disagree nor a Agree Agt

strongly moderately alittle  disagree little moderately stror

Extraverted, P
Enthusiastic

Critical, °
Quarrelsome

Dependable,
Self-
disciplined

Anxious, ()
Easily upset

Open to new
experiences, )

Complex

Reserved, °®
Quiet

Sympathetic, °®
Warm

Disorganized, Y
Careless

Calm,
Emotionally ()
stable
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Conventional, <
Uncreative
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UNIVERSITY OF
%) WATERLOO

Please unmute and listen carefully while watching the videos.

Powered by Qualtrics (4

https://uwaterloo.yull.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersion|D=current Page 10f 1

156



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 14:07

UNIVERSITY OF
%) WATERLOO

First, please carefully watch this video:
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UNIVERSITY OF
%) WATERLOO

Please carefully watch this video:
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Please rate your experience with this particular greeting:

Dislike Like

Unfriendly Friendly

Unkind Kind

Unpleasant Pleasant

Awful Nice

Tom o 2 b h A€ot A2 L YA 3 JPRS PRI [N ST S S
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video?
Spanish @ Arabic
Chinese French
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UNIVERSITY OF
%) WATERLOO

Please carefully watch this video:
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Please rate your experience with this particular greeting:

Dislike Like

Unfriendly Friendly

Unkind Kind

Unpleasant Pleasant

Awful Nice

Tom o 2 b h A€ot A2 L YA 3 JPRS PRI [N ST S S
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video?
@ Arabic American
Chinese Mexican
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UNIVERSITY OF
%) WATERLOO

Please carefully watch this video:
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Please rate your experience with this particular greeting:

Dislike Like

Unfriendly Friendly

Unkind Kind

r

Unpleasant Pleasant

Awful Nice

Tom o 2 b h A€ot A2 L YA 3 JPRS PRI [N ST S S
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111 WILICLL Ly pE Ul 1I'Estduldlllt Uulu e repper nopout welcollie you 111 ule dvouve

video?
Thai Greek
@ Arabic Chinese
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UNIVERSITY OF
%) WATERLOO

Please carefully watch this video:
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Please rate your experience with this particular greeting:

Dislike Like

Unfriendly Friendly

Unkind Kind

Unpleasant Pleasant

o

Awful Nice

Tom o 2 b h A€ot A2 L YA 3 JPRS PRI [N ST S S
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@ Chinese Arabic
Mexican Thai
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UNIVERSITY OF
%) WATERLOO

Please carefully watch this video:
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Please rate your experience with this particular greeting:

Dislike Like

Unfriendly Friendly

Unkind Kind

Unpleasant Pleasant

Awful Nice
Teom o o2 e € mn A2 A 0 L DY 3 1S FURTRNR [ T PR R
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111 WILICLL Ly pE Ul 1I'Estduldlllt Uulu e repper nopout welcollie you 111 ule dvouve

video?
Indian @ Chinese
Greek Arabic
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UNIVERSITY OF
WATERLOO

In a restaurant setting that matches your cultural background (for example, a
Chinese-themed restaurant), would you prefer to be welcomed by a social robot
that aligns with your cultural background or follows popular Western culture
customs, or do you have any other preferences? Please provide your choice and
reasons to support your preference.

In a restaurant setting that does not match your cultural background (for
example, an Italian or Japanese-themed restaurant), would you prefer to be
welcomed by a social robot that aligns with your cultural background or follows
popular Western culture customs, or do you have any other preferences? Please
provide your choice and reasons to support your preference.
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https://uwaterloo.yull.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersionID=current Page 1 0of 2

173



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 14:17

UNIVERSITY OF
%) WATERLOO

Project Title: Social Robots and Cross-cultural greetings in the
hospitality industry

Student Investigator: Priyank Avijeet, pavijeet@uwaterloo.ca
Collaborator: Pourya

Aliasghari, pourya.aliasghari@wuwvaterloo.ca

Faculty Advisor: Kerstin

Dautenhahn, kerstin.dautenhahn@uwaterloo.ca

We appreciate your participation in our study and thank you for spending the time helping us with our
research!

You will provide your Full Name and University of Waterloo Student/Employee ID as per your WatCard
along with the Remuneration Code for remuneration. Your remuneration code

is R5S21322AR0I2L, please copy and save it somewhere to use in the next step. Please
click this link Remuneration Details Link and provide information to get the

remuneration. Personal information, Name and Student/Employee ID information collected in the
remuneration details page will be stored separately from your responses and will be deleted once the
entire remuneration step has been completed.

You will receive the remuneration amount of $6 loaded to your WatCard after the study has completed.
In this study, we recorded your experience with different cross-cultural greetings in different scenarios by
Pepper as a hospitality service robot. This will help us study the impact of location on people’s
preferences of cross-cultural greetings and the differences cross-cultural greetings could make in
comparison to popular Western greetings.

Electronic data and video recordings will be kept for at least 7 years on a secure computer in a locked
room in E7. All identifying information will be removed from the records prior to storage. Your name will
not be included or in any other way associated with the data collected in the study.

This study has been reviewed and received ethics clearance through a University of Waterloo Research
Ethics Board (REB #45545). If you have questions for the Board, contact the Office of Research Ethics,
toll-free at 1-833-643-2379 (Canada and USA), 1-519-888-4440, or reb@uwaterloo.ca.

If you have any questions, contact Priyank Avijeet at pavijeet@uwaterloo.ca.

We really appreciate your participation, and hope that this has been an interesting experience for you.

https://uwaterloo.yull.qualtrics.com/jfe/previewForm/previewld/b60d...5e6492f5/SV_0ilAxzilZCqcFka?Q_CHL=preview&Q_SurveyVersionID=current Page 1 0of 2
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Please enter your Name:

Please enter your University of Waterloo Student ID:

Please enter your unique Remuneration Code:

Powered by Qualtrics (3
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We thank you for your time spent taking this survey.
Your response has been recorded.

Powered by Qualtrics (3
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Figure C.1: Residuals Assumption Check for HY Scenario 1
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Figure C.2: Residuals Assumption Check for HY Scenario 2
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Figure C.3:

Frequency
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Figure C.4: Residuals Assumption Check for ASA Scenario 2
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Appendix D

Study 3 - Study Materials (Flyer,
Scripts, Web Interface and
Questionnaires)
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Study 3 - Flyer



HEAR ME OUT!

WE ARE LOOKING FOR PARTICIPANTS

UNIVERSITY OF
== WATERLOO STUDENTS
v= ARE ELIGIBLE

TWO 30-MINUTE
SESSIONS IN ONE DAY

(4-6 HOURS APART)

._ UP TO $30 IN WATCARD

QUESTIONNAIRE, AUDIO
AND VIDEO DATA WILL BE
COLLECTED

ES5 (IN-PERSON)

This study has been reviewed and received ethics clearance through the University of Waterloo Human Research Ethics Board
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Study 3 - Session 1 Task 1
Instruction Sheet



Interactions with a Voice System

Session 1:

Task 1:

Hello! Please try to answer the questions about yourself that are asked below.
Robin, our Voice System, will let you know when to begin and when to finish. On your
screen, yoUu’ll see a color-coded indicator to help you manage your time: yellow for
preparation, green for speaking, and red to wrap up your response. Please aim to
speak for about 90 seconds.

To assist you, brief hints related to the questions will also appear on the screen.
You'll have 60 seconds to prepare, after which Robin will prompt you to begin
speaking.

Please try to answer the following questions:

What’s your name, and where did you grow up? Could you tell me a bit about the
family members or friends you spent time with as a child? I’d love to know about the
schools you went to and any favorite places you enjoyed exploring. Were there any
special dishes or snacks you loved that remind you of home? Take a moment to think
about these memories, from the people who shaped your world to the places and
flavors that made it special.
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Study 3 - Session 2 Task 1
Instruction Sheet



Interactions with a Voice System

Session 2:

Task 1:

Hello! Please try to answer the questions about yourself that are asked below.
Robin, our Voice System, will let you know when to begin and when to finish. On your
screen, you'll see a color-coded indicator to help you manage your time: yellow for
preparation, green for speaking, and red to wrap up your response. Please aim to
speak for about 90 seconds.

To assist you, brief hints related to the questions will also appear on the screen.
You’ll have 60 seconds to prepare, after which Robin will prompt you to begin
speaking.

Please try to answer the following questions:

What program are you enrolled in, and which term are you in? Could you tell me a bit
about the courses you're taking this term and whether any of them are particularly
interesting or challenging? Now, here’s something a bit more playful—if you could
step into the life of any celebrity, who would you choose to become? Take a moment
to think about what draws you to them, from their personality or accomplishments
to the values they represent or the life they lead.
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RESEARCHER’S SCRIPT FOR VERBALLY DEBRIEFING PARTICIPANTS INVOLVED IN A PARTIAL DISCLOSURE
STUDY

Study Title: Interactions with a Voice System

Thank you for spending the time helping us with our research. We greatly appreciate your participation
in this study.

Do you have any guesses about what the study is about? We would be interested in hearing any ideas you
might have. Did anything seem strange or odd to you?

I would now like to tell you a bit more about the study. The debriefing letter that | gave you describes the
details of the study, and you can keep this copy. | will go over the main points with you now.

When you began the study, you were told that we were interested in exploring human-robot interaction
in general with our Voice System. We had also informed that audio and video data would be recorded.
However, we left out a few specific details about the true focus of the study. Some studies involve partial
disclosure, meaning that participants are not informed of the full purpose of the study at the start to avoid
influencing their behaviour. This study followed that approach. Do you have any questions?

The actual purpose of this study was to examine whether participants subconsciously adjust their speech
rate to align with the speech rate of the Voice System, when the system speaks at a slow pace. We also
intended to study the changes in your speech pattern in the mildly stressful task that involved you selling
one of the objects on the table to the Voice System. We are interested in if people naturally adapt their
speech during interaction with a Voice System without consciously thinking about it. To do this, we needed
to ensure that participants weren’t aware we were specifically measuring speech rate, as knowing this
could have influenced your behaviour. The tasks you completed were designed to observe how your
speech naturally aligned with the robot’s speech patterns.

So, the reason we used partial disclosure in this study was to ensure that your speech behaviour remained
as natural as possible. If we had told you beforehand that we were specifically investigating speech rate
alignment, you might have consciously monitored or altered your speech, which would have affected the
accuracy of the data we were trying to collect.

To summarize:

1. The purpose of this study was to investigate whether people naturally adjust their speech rate to
align with the speech rate of a Voice System during interaction. We also intend to compare the
speech alignment in the two conditions.

2. You were assigned to either a robot or a laptop group, where the Voice System spoke at a
predetermined slow pace.

3. Your speech data, including recordings, were collected to measure any adjustments in response
to the robot’s/laptop’s speech rate.

We apologize for not fully explaining the true purpose of the study earlier. We hope that you understand

why it was necessary to withhold that information to avoid influencing your natural responses. Do you
have any questions about the partial disclosure and why it was used?
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I'd also like to assure you that not all human-robot interaction studies involve partial disclosure like this
one. In many cases, participants are fully informed about the study’s objectives upfront.
If you have any further questions or concerns about the study or feel any discomfort about your
participation, please feel free to contact the Student Investigator, me (Priyank Avijeet) or the Office of
Research Ethics. The contact information is provided in the debriefing letter | gave you.

Because this study involved partial disclosure, it’s important that you do not discuss the details of your
experience with others who might participate in the study in the future. Sharing information could affect
the results, as future participants might alter their behaviour if they know the study’s true purpose in
advance. The accuracy of the research depends on everyone coming into the study without prior
knowledge.

Even though this study involved partial disclosure, the information we gave you about confidentiality,
data storage, and security still applies. All data collected is confidential and securely stored. Only the

researchers will have access to your data. These details are also outlined in the debriefing letter.

We really appreciate your participation, and we hope that this experience was interesting for you.
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Study 3 - Experiment Script



Session 1: Theme - Food

Task 1:

“Hello! I am Robin. It is a pleasure to meet you. Could you please respond to the questions you read on the
sheet? You may start speaking now!”

(90 seconds for the response)

What’s your name, and where did you grow up? Could you tell me a bit about the family members or friends
you spent time with as a child? I’d love to know about the schools you went to and any favorite places you
enjoyed exploring. Were there any special dishes or snacks you loved that remind you of home? Take a
moment to think about these memories, from the people who shaped your world to the places and flavors
that made it special.”

End of Speaking Phase

“You may stop speaking now! Those were some interesting facts! Let us move on to the second task!

Task 2:

“In this task, please repeat each sentence soon after | have finished speaking the sentence. | will not verbally
instruct you to start and stop after each sentence! Instead, I will move on to the next sentence after 10 seconds.
You are expected to repeat the sentence within these 10 seconds. The screen will display color-coded sections to
guide you: Red means it’s time to listen. Green signals when you should be speaking. There will be ten
sentences in total. | will start with the first sentence now!”

Speaking Phase (Sentence Repetition Begins)
Sentences for Session 1:

1. Fresh apples are perfect for quick snacks.

2. Eggs help us build strong muscles.

3. Chicken curry tastes great with rice.

4. Bananas and milk make healthy breakfasts.
5. Tea helps usfeel relaxed and calm.

6. Pasta with sauce is always comforting food.
7. Sweet oranges are packed with vitamin C.

8. Awarm sandwich satisfies any quick hunger.
9. lIce cream melts fast on sunny days.

10. Crispy fries taste amazing with ketchup.

191




(Each sentence is followed by a 10-second gap for repetition.)

End of Speaking Phase

“Great job! Now, we will move on to the third task!”
Task 3:

“Well, this is going to be a fun activity! Pictures will appear on the screen, and we will take turns describing
them. Each time, | will talk about one picture, and you will talk about the next one. | will not verbally instruct
you to start and stop after each picture! Instead, | will move on to the next picture after 25 seconds. You are
expected to say 3 sentences about the picture within these 25 seconds. The screen will display a color-coded
section to help you know when to speak: Green signals when you should be speaking. Red means it’s time to
listen. There will be four pictures each for both of us in total. | will start with the first picture now!”Voice

System:

A warm bowl of chicken soup sits on the table.
Fresh herbs and a piece of bread accompany
it. The soup appears both tasty and comforting.
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Participant:

Friends are happily sharing a sushi platter.
Soy sauce bowls are placed on the table.
The cozy restaurant has a warm
atmosphere.
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Participant:

Voice System:

A person sits on a park bench. They
hold an ice cream cone in hand. Tall
trees and buildings surround the park.
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Participant:

Voice System:

A person is relaxing in a cozy chair while
reading a book. Atable in front of them holds a
cup of coffee and a plate with toast. The setting
is calm and simple, perfect for relaxation.
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Participant:

Task 4:

“Now, in this task, | am excited to share some of my favorite foods around the University of Waterloo.
Some are easy to make at home, and others | like to get from nearby places.

Let’s start with breakfast. In the morning, | love making pancakes with a bit of butter and syrup on top.
Sometimes, | change things up with toast or a bow! of cereal. And when | want something savory, | make an
omelette filled with veggies and cheese. It’s tasty and keeps me full for a while!

Around campus, | enjoy trying out different places to eat. For pizza, my top pick is The Score Pizza near
Waterloo Public Square. They have a thin, crispy, vegetarian pizza with goat cheese and fresh veggies. It’s so
good! When | am craving shawarma, | go to Tuh-hee-nee's. | think they have the best shawarma in Waterloo. It
is located at 250 Philip Street. Its large chicken shawarma wrap is on my list of favorites. It is served with
delicious fire-roasted chicken cooked to perfection.

Next, for a quick bite and coffee, | go to Williams Fresh Cafe on campus. They have sandwiches, wraps, and
plenty of drink options. It’s cozy and close by, making it perfect for studying or relaxing between classes. And
for dessert, I love the milk cake at D-Spot! This sponge cake is soaked in three types of milk, making it super
creamy and sweet. It’s a perfect treat!

These are some of my favorite places around the University of Waterloo. | hope you get a chance to try all of
them!

For this task, now it is your turn to tell me about yourself in the context of food. You are expected to speak for
around 90 seconds. | will guide you on when to start and stop speaking.

6
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Additionally, the screen will display a color-coded section to help you know when to speak: Yellow indicates
preparation time. Green signals when you should be speaking. Red means it’s time to stop speaking

Let us start now. Please try to answer these questions:

What kind of food do you like eating? What are some of your favorite dishes? Do you prefer eating at
home or dining out? Can you tell me about a restaurant or café you like? Is there a dish you would like to
learn how to prepare?

Short hints related to these questions will also appear on the screen to assist you in recalling them. You have 60
seconds to prepare your answer. | will instruct you to start speaking at the end of 60 seconds. Your preparation
time starts now!”

End of Speaking Phase

“You may stop speaking now! That was an excellent response! That was it for this session. See you in the next
session for another fun conversation! Please inform Priyank that you have completed this session.”
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Session 2: Theme — Music

Task 1:

“Hello! Nice to see you again. Could you please respond to the questions you read on the sheet? You may start
speaking now!”

(90 seconds for the response)

End of Speaking Phase

“You may stop speaking now! Those were some interesting insights! Let us move on to the second task!

What program are you enrolled in, and which term are you in? Could you tell me a bit about the courses
you're taking this term and whether any of them are particularly interesting or challenging? Now, here’s
something a bit more playful—if you could step into the life of any celebrity, who would you choose to
become? Take a moment to think about what draws you to them, from their personality or
accomplishments to the values they represent or the life they lead.”

Task 2:

“In this task, please repeat each sentence soon after | have finished speaking the sentence. | will not verbally
instruct you to start and stop after each sentence! Instead, | will move on to the next sentence after 10 seconds.
You are expected to repeat the sentence within these 10 seconds. The screen will display color-coded sections to
guide you: Red means it’s time to listen. Green signals when you should be speaking. There will be ten
sentences in total. | will start with the first sentence now!”

Speaking Phase (Sentence Repetition Begins)
Sentences for Session 2:

Soft melodies help clear your thoughts.

Guitar strings make beautiful, pleasant sounds.
Drums beat loudly at every concert.

Jazz music fills rooms with calm.

A piano plays notes of grace.

Singing together brings people great joy.
Classical music helps you feel peace.

Phones let you play songs anywhere.

Violin strings create peaceful, flowing tunes.
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10. Music connects hearts across all boundaries.

(Each sentence is followed by a 10-second gap for repetition.)

End of Speaking Phase

“Great job! Now, we will move on to the third task!”

Task 3:

“Well, this is going to be a fun activity! Pictures will appear on the screen, and we will take turns describing
them. Each time, | will talk about one picture, and you will talk about the next one. | will not verbally instruct
you to start and stop after each picture! Instead, I will move on to the next picture after 25 seconds. You are
expected to say 3 sentences about the picture within these 25 seconds. The screen will display a color-coded
section to help you know when to speak: Green signals when you should be speaking. Red means it’s time to
listen. There will be four pictures each for both of us in total. | will start with the first picture now!”

Voice System:

A boy sits on a bench, focused on playing his
guitar. Tall buildings and green trees surround
him. He seems deep in concentration, fully
absorbed in creating music.
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Participant:

Ayoung man sits at a piano, focused on the
keys. Warm light from a lamp fills the room.
The soft lighting and quiet make the scene
calm and thoughtful.

10
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Participant:

Voice System:

11

A musician stands on stage playing the
saxophone as the audience watches.
Warm lights create a cozy feel in the
dim jazz club. Other musicians play in
the background, adding to the live
music experience.
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Participant:

Voice System:

A pianist sits at a grand piano on a large
stage. Bright lights shine down, creating
a dramatic effect. The concert hallis
silent as everyone watches and listens.

12
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Participant:

Task 4:

“Now, in this task, | am excited to share some of my favorite music with you! Music comes in many styles, and
exploring different genres can be a fun way to experience something new. Some music | like to listen to on my
own, while other kinds are more enjoyable with a group of friends.

Let’s start with a classic! One genre I really enjoy is classic rock. Bands like The Beatles and The Rolling
Stones helped shape modern music with their memorable songs and unique sounds. The Beatles, with songs like
Hey Jude, are known for their harmonies and thoughtful messages. The Rolling Stones, on the other hand, bring
a cheerful energy with hits like Paint It Black and Satisfaction.

When I'm in the mood for something more lively and upbeat, | switch to pop music. This genre is full of catchy
and fun tunes that make you want to move! Taylor Swift and Dua Lipa are two of my favorites because of their
energetic and engaging music. Taylor Swift tells stories with her songs, like Shake It Off and Blank Space,
which are easy to sing along to. Dua Lipa, with songs like Don ’t Start Now and Levitating, creates beats that are
perfect for dancing.

Another genre | enjoy is indie and alternative rock. Bands like Arctic Monkeys and Tame Impala have a unique
sound that feels relaxed yet interesting. Arctic Monkeys’ album AM has cool lyrics, while Tame Impala’s

13
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Currents adds a modern touch to rock. Indie and alternative rock are great for chilling out or hanging with
friends.

These are some of my favorite artists! | hope you get a chance to listen to some of these!

For this task, now it is your turn to talk about yourself in the context of music. You are expected to speak for
around 90 seconds. | will guide you on when to start and stop speaking. Additionally, the screen will display a
color-coded section to help you know when to speak: Yellow indicates preparation time. Green signals when
you should be speaking. Red means it’s time to stop speaking

Let us start now. Please try to answer these questions:What kind of music do you like listening to? Who are
some of your favorite artists? What do you enjoy about their music? If you could see any artist perform live,
who would it be? Is there a musical instrument or style you’d like to learn? Can you tell me about a few songs
you like? What do you think they are about?

Short hints related to these questions will also appear on the screen to assist you in recalling them. You have 60
seconds to prepare your answer. | will instruct you to start speaking at the end of 60 seconds. Your preparation
time starts now!”

End of Speaking Phase

“You may stop speaking now! That was an amazing response! Let us move on to the last task of this study!”

Task 5:

“For this task, your challenge is to prepare a sales pitch to persuade me to purchase one or more items placed on
the table to your right. You will have: 60 seconds to prepare. 90 seconds to deliver your pitch. | will guide you
on when to start and stop speaking. Additionally, the screen will display a color-coded section to help you know
when to speak: Yellow indicates preparation time. Green signals when you should be speaking. Red means it’s
time to stop speaking Let us start now. You have 60 seconds to prepare your pitch. | will instruct you to start
speaking at the end of the 60 seconds. Your preparation time starts now! You may start speaking now!”

(90 seconds for the sales pitch)
End of Speaking Phase

“You may stop speaking now! That was a convincing pitch! That was it for this study. Thank you for your time!
Please inform Priyank that you have completed this session.”

14
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Study 3 - Web Interface



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 14:24

WATERLOO

Please enter your Participant ID:

Powered by Qualtrics 3

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 10of 1
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% WATERLOO

Title of the study: Interactions with a Voice System
Research Team:

Principal Investigator: Prof. Kerstin Dautenhahn
Departments of Electrical and Computer Engineering/Systems
Design Engineering,

University of Waterloo, Canada

Phone: +1-519-888-4567 x31455

Email: kerstin.dautenhahn@uwaterloo.ca

Student Investigator: Priyank Avijeet

Department of Electrical and Computer Engineering,
University of Waterloo, Canada

Office: E7 5412

Email: pavijeet@uwaterloa.ca

To help you make an informed decision regarding your
participation, this letter will explain what the study is about, the
possible risks and benefits, and your rights as a research
participant. If you do not understand something in the letter,

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 1of 11
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please ask one of the investigators prior to consenting to the
study. You will be provided with a copy of the information and
consent form if you choose to participate in the study.

Research purposes and objectives:

This study aims to explore how you interact with a Voice System
application running on either a QT Robot or a laptop. You will be
assigned to a group that interacts with one of these two devices.
There will be two sessions, and each session will be based on a
general theme. The verbal tasks in the sessions will mostly be
around the theme of the session. Before and after each session,
youll be asked to answer a question about yourself or your
preferences relating to the theme of the session. This study aims
to gather natural speech samples; therefore, the accuracy of the
content in your responses will not be assessed. During each
session, you may be asked to repeat phrases spoken by the
Voice System, describe images to the Voice System, or respond
to questions. Additionally, you'll complete a brief questionnaire
before and after each interaction with the Voice System. At the
end of the study, we will conduct a short post-study
questionnaire and a semi-structured interview to gain deeper
insights into your experience.

This study will be a part of a master’s thesis that will be submitted
for the degree completion of the student investigator, Priyank

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 2 of 1
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Avijeet.

Procedure:

This study includes two in-person sessions, each lasting
approximately 30 minutes, conducted on the same day with a 4-
6 hour interval between sessions. Prior to your first session, you
will receive an Information Sheet, Consent Form, and a link to
complete a demographic questionnaire.

Each session will follow a similar format. Upon arrival at your
scheduled time, you'l begin with a brief questionnaire to assess
your emotional state. Some basic questions about yourself
written on a sheet will be provided to you at the start of the
session. After you have read the question, you will then interact
with the Voice System by entering your Participant ID on a screen
to start the session. The Voice System will introduce itself and will
allow you to prepare for 60 seconds before you respond verbally
to the question on the sheet. You should try to keep your
responses around 90 seconds long. You are encouraged to
answer as many questions as you feel comfortable with, but it is
not mandatory to respond to all.

In each task across both sessions, the Voice System will prompt
you when to start and stop. Additionally, visual signals on the
screen, like colour changes, will guide you. For instance, a green

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 3 of 11
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section on the screen will indicate that you should begin and
continue speaking, while a red section will signal you to stop
speaking.

During each session, you will interact with the Voice System by
repeating 10 short sentences one by one. The system will say a
sentence and pause for 10 seconds before moving on to the next
sentence, during which you should repeat the sentence. If, for
some reason, you cannot repeat a sentence, then you should just
say that you do not remember the sentence, and hence, you
cannot repeat it. Following this, the Voice System will display a
picture on the screen and describe it in three sentences. Next, a
new picture will appear, and you should describe or discuss the
picture in three sentences. You can say anything that you feel is
related to the picture. The system will allow 25 seconds for each
response. This process will repeat three more times for both you
and the system, with each of you taking turns using different
pictures each time.

In the final task, the system will speak on a topic for around four
minutes, related to the session’s theme. It will then ask you
questions, to which you'll respond for 90 seconds. You will be
allotted 60 seconds of preparation time. As mentioned, the
system will indicate when to start and stop. You are encouraged
to answer as many questions as you feel comfortable with, but it

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cOO0tKm7LhVVWvvo Page 4 of 11
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is not mandatory to respond to all. Note the goal of this study is
to collect natural speech samples, so the content accuracy of
your responses will not be evaluated.

At the end of each session, you will complete a short
questionnaire to reassess your emotional state and report your
confidence level in responding to the questions provided on the
sheet at the beginning of the session, as well as the questions
asked by the system at the session’s end.

This process will be repeated for both sessions, with the Voice
System’s questions and session themes changing in each
session to maintain variety and reduce boredom. After the two
sessions, the Student Investigator, Priyank Avijeet, will conduct a
brief post-study interview and administer a final questionnaire
with additional basic questions relevant to the study.

Please note that all sessions and the interview will be audio and
video recorded for analysis purposes.

Participation criteria:
The study is accessible to the University of Waterloo PhD,

graduate and undergraduate students. You do not need to have
any special knowledge or background in robotics.

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 5 of 11
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l. Your responsibilities as a participant:

Participation in this study will require two in-person sessions,
each lasting approximately 30 minutes. It will be conducted in the
Social and Intelligent Robotic Research Laboratory, ES, fifth floor.
During each session, you will interact with the Voice System,
answer brief questionnaires, and provide verbal responses, which
will be logged for analysis. You are not required to download any
software or bring any additional equipment.

We ask that you commit to attending both sessions on the same
day with a 4-6 hour interval between the sessions and avoid any
distractions during your interactions with the Voice System. Your
responses, including summaries and questionnaires, will provide
valuable data to support our research. Your interactions with the
voice system will be audio and video recorded, which will help us
with further data analysis related to the study. Please note that
while your verbal responses are important, we are not evaluating
the accuracy of the content, so there's no need to worry about
correctness.

Il. Your rights as a participant:

Your participation in this study is voluntary. You may decide to

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 6 of 11
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leave the study at any time by communicating this to the
researcher. You may decline to answer any question(s) you
prefer not to answer. At the beginning of the study, you will be
given a participant ID. Your participant ID will be removed from
our records after 1 month of your participation. Within this period,
you may ask for deleting your data by contacting us by email
and sending us the code you were given. Please make sure that
you will keep this code, as we would like to ensure that the data is
de-identified, we will not keep any identifying information. If you
have any questions or wish to withdraw from the study, please
contact: pavijeet@uwaterloo.ca.

Remuneration:

To thank you for your participation, you will receive remuneration
of up to $30, which will be credited to your WatCard. After
completing the study, you will be asked to provide your name
and student ID via a digital form. This information will be stored in
a password-protected file and shared with the WatCard office to
process your remuneration. The amount received is taxable. It is
your responsibility to report this amount for income tax purposes.
If you choose to withdraw your participation from the study prior
to study completion, you will be remunerated $5 plus the per-
session remuneration depending on the number of sessions you
attended based on the following information:

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cOO0tKm7LhVVWvvo Page 7 of 11
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Session Remuneration
Pre-study

Questionnaires and $5

post-study interview

Session | $12.5

Session 2 $12.5

Expected Total

ReF:nuneration up to $30

Benefits of the study:

Participation in this study may not provide any personal benefit
to you. However, the study will benefit the academic community
and the research team. We plan to publish the results of this
study, and researchers in the field of social robotics can
potentially benefit from that. We hope the outcomes of this
experiment pave the way for novel applications of social robots.

Confidentiality of identities and data:

You will not be identified individually in any written reports of this
research. The information you share will be kept confidential by

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 8 of 11
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assigning an ID code so that individual names are not associated
with the data. Therefore, the connection between your identity
and data is confidential and will be kept in a separate document
on the password-protected computers of the investigators. The
file linking names and participant numbers will be kept for a
month, and only the investigators named above will have access
to it. You may withdraw your consent and ask us to delete your
data within this period by contacting pavijeet@uwaterloo.ca.
Video footage will not be shared outside the research team
without your consent, and the collected data will be de-identified.
The data captured will be securely stored on a secure password-
protected lab server with access only for the investigators. The
lab servers are secure and created by the University of Waterloo.
Immediately after the session, the data files will be uploaded to
that server and will be removed from the local computer. If you
decide to withdraw before the end of the study session, we will
delete all the files and data corresponding to you. The de-
identified data may be shared publicly. Your identity will remain
confidential even in that case. Participation in this study, including
consent to data sharing, is entirely voluntary, and participants are
free to choose their level of involvement. However, once the data
is placed in a repository and if it is de-identified or anonymized, it
may not be possible to withdraw the data due to the lack of
identifiable information. The de-identified data will be stored for a
minimum of 7 years on a password-protected server located in

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 9 of 11
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the principal investigators’ laboratory.

Please note that the session will be video, and audio recorded,
and we may quote you anonymously in papers and publications
with permission. Also, with your permission de-identified data
collected in pre-study may be used by the investigators in future
studies on related topics that have received clearance from a
research ethics board. Your consent to future use can be
withdrawn after 1 month of your participation.

The data collected in this study may be used for future research,
particularly in the fields of speech and audio analysis. While the
actual video or audio files will not be shared, anonymized data
derived from labeling and processing participants’ speech may
e made available. If shared, this data might include non-
identifying details such as age and gender for each sample.
While the scope and specifics of these future research projects
are not yet determined, there is a possibility that some research
could be conducted internationally. This means that privacy
protections could vary based on the location of the research
institution using the data.

Finally, while third-party researchers may have access to the
data, we currently do not foresee access by researchers who are
not governed by TCPS2 (the Canadian standard for ethical

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 10 of 11
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conduct in research involving humons). Additionally, there are no
current plans to link the collected data with other data sources,
such as public records.

Ill. Questions, comments, or concerns Ethics clearance:
This study has been reviewed and received ethics clearance
through the University of Waterloo Research Ethics Board (REB
#46793). If you have questions for the Board, contact the Office
of Research Ethics, toll-free at 1-833-643-2379 (Conqdo and
USA), 1-519-888-4440, or reb@uwaterloo.cal.

Contact Information:

If you have any questions regarding this study or would like

additional information about your participation, please contact
Priyank Avijeet by email at pavijeet@uwaterloo.ca.

Powered by Qualtrics (3

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 11 of 11

217



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 14:25

% WATERLOO

Title of the study: Interactions with a Voice System
Research Team:

Principal Investigator: Prof. Kerstin Dautenhahn
Departments of Electrical and Computer Engineering/Systems
Design Engineering,

University of Waterloo, Canada

Phone: +1-519-888-4567 x31455

Email: kerstin.dautenhahn@uwaterloo.ca

Student Investigator: Priyank Avijeet

Department of Electrical and Computer Engineering,
University of Waterloo, Canada

Office: E7 5412

Email: pavijeet@uwaterloa.ca

By providing your consent, you are not waiving your legal rights or
releasing the investigqtor(s) or involved institution (s) from their

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 10of 4
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legal and professional responsibilities.

| have read the information presented in the information letter
about a study led by Priyank Avijeet as part of his master’s thesis
supervised by Professor Kerstin Dautenhahn, Department of
Electrical and Computer Engineering, University of Waterloo. |
have had the opportunity to ask questions related to the study
and have received satisfactory answers to my questions and any
requests for additional details.

| was informed that participation in the study is voluntary and
that | can withdraw this consent at any time during the study
session and within one month of participation in the study by
informing the researcher. | am aware that | may withdraw my
consent for any of the above statements or withdraw my study
participation during the study session and within one month of
participation in the study without any penalty by advising the
researcher.

Please note that the session will be recorded, and we may quote
you anonymously in papers and publications.

This study has been reviewed and received ethics clearance
through the University of Waterloo Research Ethics Board (REB
#46793). If you have questions for the Board, contact the Office

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_cO0tKm7LhVVWvvo Page 2 of 4
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of Research Ethics, toll-free at 1-833-643-2379 (Ccmodo and
USA), 1-519-888-4440, or reb@uwaterloo.ca. For all other
questions contact Priyank Avijeet by email at
pavijeet@uwaterloo.ca.

The session will be videotaped. The purpose of videotaping is for
post-study data analysis and the participant’s identity will not be
revealed if used in publications or presentations.

Please fill in details and check boxes:

I agree to participate in this study, and I confirm that 1 am a
student at the University of Waterloo. [NOTE: Checking this box is
required to take part in this study.]

0 | agree that anonymous quotations in any thesis or publication that
comes from this research can be used.

| also agree that any audio/video clips, digital images, or photographs in
which | appear may be used in teaching, scientific presentations and/or

O publications with the understanding that | will not be identified by name
and my face will be blurred.

| also consent for de-identified data collected in this study to be used by
the investigators in future studies on related topics that have received

O clearance from a research ethics board. My consent to future use can be
withdrawn after 1 month of my participation.

| also agree that pictures and videos taken during the experiment with my
(] face blurred can be used on social media by the University of Waterloo
research team.
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WATERLOO

Thank you for taking the time to review our Information sheet and Consent form. We
have successfully recorded your consent. As the next step, please click the link below to
provide us with some basic information about yourself.

Click here for the Demographic Survey
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WATERLOO

Please enter your Participant ID:
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% WATERLOO

Before we can start, we need a few pieces of information about
you(youcxxwSMpthecwesﬂonyoucwenotconﬁonabm
answering):

Age

Gender
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| see myself as:
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Conventional, O O O O O O O

Uncreative
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We thank you for your time spent taking this survey.
Your response has been recorded.
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Please enter your Participant ID:

Please enter the session number:

Is this pre-session or post-session survey

Pre-session

Post-session
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https://uwaterloo.cal.qualtrics.com/jfe/form/SV_8 CkWMzggpULd7n0 Page 1 of 2

228



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 15:57

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_8 CkWMzggpULd7n0 Page 2 of 2

229



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 15:57

% WATERLOO

How do you feel in general right now?

rzs) Il el (=] =)

(A) (B) (€) (D) (E)

o O © >

m

How energized do you feel?

= I = I = I = I =
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How in control do you feel of your current situation?

= gl
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(A) (B) (C) (D) (E)
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How confident were you in answering the questions about
your personal background and early memories the start of
this session?

Not at all confident Very Confident

How confident were you in answering the questions about
your food preferences and dining habit at the end of this
session?

Not at all confident Very Confident

Powered by Qualtrics 3
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How confident were you in answering the questions about
your academic journey and celebrity inspiration at the start of
this session?

Not at all confident Very Confident

How confident were you in answering the questions about
your music tastes and aspirations at the end of this session?

Not at all confident Very Confident

How confident were you in the sales pitch preparation
challenge at the end of this session?
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Not at all confident Very Confident
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We thank you for your time spent taking this survey.
Your response has been recorded.
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WATERLOO

Please enter your Participant ID:
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As per your experience how fast or slow did the robot speak?

Very slow Very fast
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Please rate your experience with the robot's speech based on its
speech rate:

Dislike Like

Unfriendly Friendly

Unkind Kind

Unpleasant Pleasant
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Awful Nice
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How much did you feel as if you were interacting with an
intelligent being?

Not at all Very much

How much attention did you pay to it?

Not at all Very much

How much did you feel involved in the interaction with it?

Not at all Very much
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Please provide information about the languages you speak and
your fluency levels:

Is English your first (native) language?

® ves

No

How fluent are you in speaking English?

® Basic Knowledge: Basic words and phrases; simple, short
conversations.

Intermediate: Converses on everyday topics; some hesitations.
Advanced: Comfortable in complex conversations; minor limitations.

Completely fluent: Near-native proficiency; fluency in any context.

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_e51ouPuPKPPilVk Page 1 of 2

246



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 15:59

How long have you been speaking English?

O Less than 1 year

QO 1-2 years

QO 3-5years

QO 6-10 years

@ more than 10 years
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Please answer the following questions based on feedback you
have received from friends, family members, peers, coaches, or
instructors about how you speak English:

Have you ever been told that when you speak English, you speak
too fast?

Never
Rarely
Sometimes
Often

@® All the time

Have you ever been told that when you speak English, you speak
too slowly?

Never
Rarely

Sometimes
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O often
@ All the time

Powered by Qualtrics (&

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_e51ouPuPKPPilVk Page 2 of 2

249



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 16:00

% WATERLOO

How often do you speak English in your daily life?

Never
Rarely
Sometimes
Often

@ All the time

In which contexts do you frequently speak English? Check all that
apply.

”; Formal (e.g., At work, In academic settings, In professional
meetings)

Informal (e.g., Socially with friends, At home, Casual conversations)

How often do you think in English when speaking the language?

Never
Rarely

Sometimes
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O often
@ All the time

Do you currently have, or have you ever had, any speech
disfluency or impairment, such as stuttering, cluttering, lisping,
apraxia of speech, etc.?

O VYes, I currently have speech disfluency

QO Yes, I had speech disfluency

O No

@ Prefer not to answer
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How comfortable do you feel when speaking English?

Not comfortable at all Extremely comfortable

O

Do you often feel nervous or anxious when speaking in English?

Never
Rarely
Sometimes

@ often
All the time

What is the main accent or dialect of English you have been
exposed to?

Indian
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Have you lived in an English-speaking country?

@ VYes
O No

Powered by Qualtrics (&

https://uwaterloo.cal.qualtrics.com/jfe/form/SV_e51ouPuPKPPilVk Page 2 of 2

253



Qualtrics Survey | Qualtrics Experience Management 2025-03-16, 16:01

% WATERLOO

How long have you lived in an English-speaking country?

Less than 1 year

® 1-2 years
3-5 years

more than 5 years
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We thank you for your time spent taking this survey.

Your response has been recorded.
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% WATERLOO

Please enter your Participant ID:

Please enter your Name (as on WatCard):

Please enter your Student ID (as on WatCard):
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We thank you for your time spent taking this survey.

Your response has been recorded.
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Figure E.1: Residuals Assumption Check for Articulation Rate in Session 1
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Figure E.2: Residuals Assumption Check for Pause Rate in Session 1
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Figure E.3: Residuals Assumption Check for Pause Ratio in Session 1
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Figure E.4: Residuals Assumption Check for Articulation Rate in Session 2
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Figure E.5: Residuals Assumption Check for Pause Rate in Session 2
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Figure E.6: Residuals Assumption Check for Pause Ratio in Session 2
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Figure E.7: Residuals Assumption Check for Attention Paid to the Voice System
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Figure E.8: Residuals Assumption Check for Perceived Intelligence of the Voice System
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Figure E.9: Residuals Assumption Check for Involvement with the Voice System

Figure E.10: Residuals Assumption Check for Overall Likability
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