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Abstract

Children with disabilities often have fewer opportunities and motivation for play, impact-
ing their cognitive and social development. This has resulted in the development of
therapies to facilitate or encourage children’s play and thus support their development. We
posit social robots have the potential to support children with disabilities to play, as re-
search has demonstrated how social robots can motivate children, increase their
engagement in a task, and help facilitate social interactions. However, a challenge with
both social robots and technological interventions is that families and children often strug-
gle to adopt them into regular use, abandoning them after only a short time. As such, our
approach is to begin our investigation into the requirements needed for social robots to
support play by examining the needs, concerns, and barriers of the family unit as a whole
- guardians, siblings, and children living with disabilities — to serve as a cornerstone for

developing potential social robot interventions to support play.

We conducted a study with eight family units to learn their thoughts about the barriers and
requirements for a successful social robot intervention. Combining the insights gathered
following our qualitative analysis with our knowledge from our literature review, we out-

lined recommendations and considerations needed to direct future research on how to
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leverage a social robot for facilitating play. This thesis gives us starting insight into under-
standing important factors to consider for social robots to supporting children with

disabilities.
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Chapter 1 — Introduction

Chapter 1

Introduction

For children, play is a crucial aspect of their development and a fundamental human right
[13], [14]: through play, children develop their physical, emotional, social, language, cognitive
abilities, and creativity [15], [16]. However, the time for children to play continues to decrease
[17], especially for children with disabilities who often face added barriers and challenges to
play. For example, they may need to dedicate time to therapies, experience limitations due to
physical or cognitive impairment, or deal with a range of social and environmental barriers
[18], [19], and therefore may experience isolation from their peers [20]. Insufficient play op-
portunities can also lead to children erroneously believing they are incapable of performing
tasks despite having the ability to do so (i.e., “learned helplessness,” [21]). Several interven-
tions have been defined to enhance children’s play participation like designing play
environments [22], working on children’s play skills [23], or using technology [24]. Among
interventions to support play and alleviate barriers, there are early indications that social
robots can motivate and encourage children to play and facilitate social interactions necessary

for social play [25]-[27]. However, social and domestic robots, in general, have faced adoption
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challenges with integrating into sustained use due to issues designing for long-term engage-
ment, not meeting users' expectations, and not meeting families' social and pragmatic needs
and constraints [28], [29]. In this work, we took a user-centric approach to learn of the desires,
concerns, and barriers of children with disabilities and their families for a social robot for play

to improve the chances of adoption.

Social robots use human or animal-like social behaviors [30] and a physical presence [31] to
create a highly engaging and unique interaction experience [32]. Use of social robots has been
explored to support children with neurodevelopmental disorders [33], [34], for example, to
successfully motivate children in their therapies [35] and help foster interactions with peers
[36]. However, widespread impact will require acceptance from the family and integration
into an individual and their family's home and routines [37]. Some research has demonstrated
challenges with the creation of successful robotic interventions to support children with dis-
abilities (e.g., [35], [38]), for example, the robot not being well adapted for their specific needs
[35], [39]. We pursue this problem by engaging with children and their families to reflect on

adopting a social robot.

We iteratively worked through designing a study that would allow us to engage with families
with children with disabilities while considering our time, space, and recruitment constraints.
This dissertation will discuss the process of designing the study, figuring out the specific co-
design activities, and the design process of creating the 3D printed toolkit used for the crea-
tion activity. We will also outline the challenges we had throughout the process and how we

addressed some of these challenges.
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We recruited and engaged with children (aged 3.5-11) living with disabilities, and their im-
mediate families, to obtain their opinions on potential social robot interventions. Our study
did not specifically target a specific category or type of disability. We chose to do this both to
be inclusive and to help with the recruitment challenges we faced with a limited number of
children fitting our criteria. We did not require confirmation or verification of the disability
they had. Instead, we relied on the judgment of the family to determine whether their child
fell within the general category of living with a disability. We designed and conducted the
study to engage the family units in reflection exercises, drawing from co-design techniques
(Figure 1.1), to understand their perspectives on potential benefits, pinch points, and the prac-

tical and social landscape of adopting a social robot for children with disabilities.

Figure 1.1 Study Example of the researcher going through the creation activity
with the robot posing as a child

This dissertation aims to investigate the following research questions:

1) What are the concerns of children with disabilities and their families regarding social

robots and perceived barriers to adopting a social robot for play?
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2) What are the desires of families with children with disabilities and perceived oppor-

tunities for a social robot for play?

3) What are the specific play use cases that children with disabilities and their families

envision for a social robot?

4) What ideas do children with disabilities and their families have about their social

dynamic with a social robot and the role it would play?

In this dissertation we present a study design, implementation, and deployment of our study.
We present the results from conducting this study with family units where we learned the
needs and barriers they believe would exist with a social robot intervention. Overall, partici-
pants were receptive and intrigued by the idea of a social robot in their homes but had
concerns regarding the safety of the robot and the safety of their child with the robot. From
this, we developed preliminary recommendations and considerations to improve future robot

prototypes for long-term domestic robots to support play for children with disabilities.

1.1 Play

Play, as described in a number of previous studies and research papers, is universally recog-
nized as the primary occupation of all children [13], [14]. It is not just an enjoyable or fun
activity but is also considered a fundamental human right, emphasizing its significance in all
children’s lives. Although the definition of play has evolved throughout time and across re-
search fields, it is commonly understood as a voluntary and intrinsically motivated activity

[40]. While play activities themselves may not have a specific or immediately practical
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purpose, the true importance of play lies in the significant impact it has on a child's overall

development.

Play is widely acknowledged for its role in shaping a child's physical, social, emotional, and
communication skills, as well as fostering their creativity and problem-solving abilities [15],
[16]. Through play, children engage in various experiences that allow them to simulate real-
life conflicts, work out solutions, and express their frustrations in a safe and supportive envi-
ronment [41]. By engaging in imaginative and exploratory play, children develop their
cognitive abilities, enhance their social interactions, and strengthen their emotional regula-
tion skills. Moreover, play provides a platform for children to practice and refine their
communication skills, both verbal and non-verbal, as they interact with peers and engage in
collaborative play [42]. Overall, play nurtures the development of vital life skills and empow-

ers children to navigate and understand the world around them.

In spite of the evidence supporting the role of play in children’s development, there has been
a notable decline in play [17]. This is particularly relevant for children living with disabilities,
who may face additional challenges to play beyond the cognitive or physical consequences of
their disability [18]-[21]. Factors such as social isolation, limited access to inclusive play en-
vironments, or reduced sense of self efficacy can further restrict or diminish play
opportunities for these children [18]-[21]. Play deprivation can lead to deficiencies in emo-
tional regulation, strength, communication, problem-solving abilities, and social skills [43],
[44]. To address this issue, we propose the use of social robots as a valuable tool to facilitate

and encourage play in children with disabilities.



Thesis Advisor Author
James E. Young Raquel Reann Thiessen

1.2 Potential of Social Robots

In recent years, there has been a growing body of re-
search dedicated to exploring the potential of social
robots in supporting individuals in their daily lives.
Social robots are designed to interact with people us-

ing social norms and standards, often taking on

humanoid or animalistic appearances, such as a dog

Figure 1.2. Paro Robot as an example of a
like Sony Aibo [8] or seal like Paro [1] (Figure 1.2). social robot, taken from [1]

Their social capabilities have allowed these robots to be utilized across various age groups,

including children, adults, and older adults.

Social robots have also been employed in a diverse range of applications, including mental
health [45], education [46], rehabilitation [47], [48], social therapies [49], [50], and play [35].
The existing research on children with disabilities has predominantly centered around ther-
apeutic applications and robots that offer physical assistance during play. Specifically, studies
involving social robots for children with disabilities have primarily focused on those living
with neurodevelopmental disorders and supporting their corresponding therapies. Addition-
ally, research on children with physical disabilities has often revolved around non-social
robots that provide physical adaptations to facilitate their participation in play activities [3],
[51]. Our project takes a different approach, aiming to explore the potential of social robots
to facilitate play experiences for children with disabilities more broadly. We aim is to widen
the scope and examine how social robots can facilitate and support play experiences for chil-

dren with various types of disabilities.
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We recognize that social and domestic robots have faced challenges in achieving sustained
adoption due to issues related to long-term engagement, not meeting user expectations, ina-
bility to fulfill the social and pragmatic needs of families, and not addressing practical
constraints [52]. Some previous research has investigated these adoption issues, and we
wanted to build on this work, trying to understand where the similarities of adoption chal-
lenges might lie for families with a child with a disability. Our research explores this through
a co-design-inspired approach, actively involving families to gain a deeper understanding of
their needs and concerns. By examining the intersection of what is technically feasible for
social robots and the perspectives of children with disabilities and their families, our project
aims to contribute to the future design and development of social robots that can support

these children effectively.

1.3 Methodology

In our research, we developed an approach to gain a deeper understanding of the factors to
consider when designing social robots for children with disabilities. Our primary objective
was to engage with family units and gather their perspectives on the potential use of social
robots, as well as their concerns about having such robots in their homes. We also wanted to
ensure that we grounded the participants in what is technically feasible, showing them a bit
about what real robots look like. Given these goals, we developed a study with a robot demon-

stration and a follow-up co-design activity.

The initial phase of our study involved showcasing a demonstration of four different robots
to the participants (guardian and children). This demonstration helped familiarize the family

units with social robots' current capabilities and appearances. With this demonstration, we



Thesis Advisor Author
James E. Young Raquel Reann Thiessen

aimed to provide a foundation of existing technological capabilities for the follow-up co-de-
sign activity and discussions. We included a reflection exercise after the demo to initiate the

brainstorming process and establish rapport between the researchers and the family unit.

The core of our study revolved around the co-design activity, which allowed the children and
their family to actively engage and express their opinions, needs, and concerns. We provided
the children with a choice of a 3D printed toolkit or drawing materials, enabling them to
create their own robot prototypes. The prototypes served as a tool that facilitated discussions
about social robots and their potential for supporting play. Through a series of semi-struc-
tured interview questions (Appendix F), we encouraged the children and their family to share
their thoughts, concerns, and any challenges they expected or perceived in integrating social

robots into their daily lives.

To begin running our study, we needed to connect with a center that would allow us to gain
access and work with our target population. Fortunately, we were able to leverage existing
connections of our collaborator, Dr. Jacquie Ripat from the Occupational Therapy Depart-
ment at the University of Manitoba, who had prior connections with Specialized Services for
Children & Youth (SSCY) center and had experience working with the center, which proved
invaluable in facilitating our connection to the center's activities and the larger community.
We tried a few different setups for recruitment, such as walking around the building, walking
up to people, or sitting in areas that more likely had our participant population. Ultimately,

we decided on a booth in the front entrance area of SSCY, where we showed two of our robots.

Following the completion of our study, we employed directed content analysis to analyze the

audio recorded interview data and identify emerging themes. Through our qualitative
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analysis, we found meaningful insights into the practical and social aspects social robots
should follow to support children with disabilities to play. Based on the identified themes, we
developed recommendations to guide future research developing social robots tailored to the

unique needs of children with disabilities.

We aimed to bridge the gap between current literature on designing social robots for play
and the lived experiences and needs of children with disabilities and their families. Our ap-
proach provided a starting point for understanding the specific requirements and challenges
associated with incorporating social robots into the lives of children with disabilities. Ulti-
mately, our findings contribute to the research of designing social robots that can encourage

and enhance the play experiences of children with disabilities.

1.4 Results

Based on our findings from our eight family units, we formulated several preliminary recom-
mendations regarding the concerns and considerations for designing social robots to support

children with disabilities in play.

During our research, we explored the concerns and barriers of families regarding a social
robot to support a child with disabilities with play. One concern raised by both guardians and
some children was the safety of the robot. Guardians were especially worried because of their
perception of the high cost of a robot, that it would be mistreated or broken by their children.
Additionally, guardians mentioned safety considerations for their child, although discussions

on this topic were relatively limited compared to those regarding robot safety.
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When exploring the role they wanted for the robot, it became evident that families expressed
a desire for a companion robot that actively engaged in their child's activities and interests.
For families that talked about a pet companion robot, guardians discussed how a social robot
would provide their child with an opportunity to learn about taking care of a pet, the respon-
sibilities, and gain an experience they would not otherwise be able to have. Families also
talked about the potential of their companion social robots in supporting various therapies,

including physical and speech therapies.

Our study's outcomes indicate that families are receptive to the potential of integrating social
robots into their child's playtime, as they perceive these robots as capable of motivating and
supporting their children. Our study provides nuance and insight into their desires for such
arobot. We define general recommendations that can provide a starting place for future social

robot prototypes to support play for children with disabilities.

1.5 Contributions
The impact of our work can be characterized by the following contributions.

e We actively involved the community at SSCY, providing them with opportunities to
interact with real robots and share their perspectives on various aspects, including
their needs, desires, concerns, and more.

e Our study stands out as one of the few research studies that has sought to engage
family units with children with disabilities directly through co-design activities, ena-
bling us to gain insights into the unique requirements and design specifications

necessary for social robots to support play for children with disabilities.

10
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e Our research expands upon previous research with children with diverse abilities. Us-
ing our data, we developed initial high-level guidelines and recommendations for

researchers involved in the design of robotic interventions for play.

We acknowledge that this research represents an early stage in addressing the greater issue
of adoption and design challenges, but our work lays a starting foundation for future endeav-

ors in leveraging social robots to facilitate play.

1.6 Dissertation Overview

Our work builds on existing research on social robots for supporting children in play, aiming
to highlight the broader role of social robots in supporting children with disabilities play for
play's sake. In this dissertation, we describe our entire process. Starting in Chapter 2, we delve
into the concept of play, exploring its significance, impact, and the current landscape of play
interventions for children with disabilities. In Chapter 3, we introduce the interdisciplinary
field of human-robot interaction (HRI) and summarize the existing research utilizing social
robots with children in different applications. This review serves as a foundation for our
study, highlighting the gaps and opportunities for further exploration. Chapter 4 discusses
the challenges we encountered and overcame during the design of our research study. We
outlined the complexities and considerations we had to take when working with children
with disabilities, ensuring that our study design was inclusive and ethically sound. Next, we
detail our study methodology, outlining how we engaged participants and gathered our data
for our research questions in Chapter 5. We then present a comprehensive summary of our
research findings and offer practical recommendations in Chapter 6. These recommendations

serve as a guiding framework for designers and developers of social robots, enabling them to

11
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effectively adapt their creations to meet the specific needs of the children they aim to support
in play. Finally, in our concluding chapter, we reflect on the contributions of our research, its
implications for future studies, and the potential for future work in using social robots to

encourage and support play experiences for children with disabilities.

12



Chapter 2 — Background: Play

Chapter 2

Background: Play

In this chapter, we provide an overview of play and its profound impact on a child's growth,
learning, and overall well-being. We begin with a broad summary of play, exploring its vari-
ous forms and discussing its essential role in shaping a child's development. Recognizing the
significance of play in the lives of children, we shift our focus to play interventions for chil-
dren with disabilities. These interventions help facilitate and enhance their play experiences,
fostering their engagement, social interaction, and overall development. Play is not only the
primary motivation of our work, but understanding play and play interventions allowed us
to envision how a social robot could contribute to supporting children with disabilities in
play. By delving into play, we draw inspiration and insights that inform our study design and

analysis.

13
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2.1 Whatis Play?

For children, play is a fundamental human right [13], [14]. Definitions of what play entails
have varied over the years [53], but we focus on play as an enjoyable, voluntary, intrinsically
motivated activity [40]. Play is a human right because it allows children to use their creativity
while developing their imagination and physical, cognitive, and emotional abilities [15], [16].
Play also allows children with limited verbal abilities to express their views, experiences, and
even frustrations, allowing their caregivers or therapists to understand their perspectives.
Despite the benefits, time for play has decreased for some children, especially children with
disabilities [17]. Children with disabilities can have fewer play opportunities because of their
need to devote time to other therapies and the impact of their physical, social, and environ-
mental barriers [18]. These barriers can lead to delays in a child’s development of skills, such

as their cognitive, social, and motor skills [18].

Play is a complex concept with various components depending on the context and the child's
developmental stage. The stages of play proposed by Piaget [54] outline children's progres-
sion of play driven by their cognitive development. The first stage is sensory-motor play,
which involves activities that stimulate the senses and motor skills. These activities can range
from simple exercises like tummy time for infants to more complex actions such as throwing
a frisbee. Sensory motor skills include sensory abilities like vision, hearing, and touch, as well
as motor abilities like walking, talking, and running. The next stage is symbolic play, typically
observed between the ages of 2 and 7. Symbolic play is a simple form of pretend play where
children begin to symbolically represent knowledge, experiences, and objects. For example, a
child using a banana as a phone would represent symbolic play. The final category is complex

pretend play, which can incorporate symbolic play but is generally a more intricate form of

14
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pretend play. It often involves activities like role-playing, where children take on different

roles and act out scenarios.

By learning about the impact and evolution of play and the challenges faced by children with
disabilities, we can better understand the requirements for developing social robots that sup-

port and promote play.

2.2 Impact and Importance of Play

Play is a vital part of children's lives, as it contributes significantly to their overall well-being
and development. Through play, children engage in activities that promote physical, cogni-

tive, social, and emotional growth.

Physically, play encourages the development of children’s motor skills, coordination, and bal-
ance. It allows children to explore their surroundings, improve their strength and physical
fitness [55]. Cognitively, play provides a way for children to learn and understand the world
around them. It promotes problem-solving skills, creativity, critical thinking, and imagination
[56]. Play allows children to experiment in a safe environment, make decisions, and engage
in logical thinking, enhancing their cognitive abilities. Additionally, play promotes commu-
nication and language development as children engage in imaginative play scenarios alone
or with other children [56]. Socially, play facilitates the development of necessary social skills.
Children learn to interact, share, cooperate, and work collaboratively with their peers. During
play, they may engage in activities such as role-playing, which helps them understand differ-
ent perspectives, practice empathy, and develop relationships and friendships with others
[55]. Play can also promote teamwork, leadership, and conflict resolution skills, preparing

children for navigating social situations and conflicts throughout their lives [55]. Emotionally,
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play allows children to explore and express their feelings, experiences, and fears in a safe and
supportive environment. Play can help with stress, anxiety, and emotional challenges, giving
children the opportunity to develop resilience and help their overall emotional well-being

[57].

Play has a significant influence and impact on the lives of all children. Therefore, promoting
and creating opportunities for play in children's lives is crucial as it serves as the foundation
for their development. Furthermore, play is a joyful and fun aspect of childhood that every
child should have the opportunity to experience. Our research explores the requirements and
potential of social robots to encourage children's play, not only for its developmental impacts

but also play for play’s sake.

2.3 Play Environmental Factors and Interventions

Previous research has highlighted the significant role of environmental factors in shaping the
play experiences of children with disabilities [58]. Specifically, the environment setup and
nature of the activity were found to have an impact on the peers of children with disabilities
perceptions of inclusion and fairness, as well as their decisions regarding whether they should
include the children with disabilities [59]. Furthermore, the type of toys influences the facili-
tation of play for children. For instance, a study revealed that offering children a choice of
toys and providing positive praise for playing with them increased their play with the toys
[60]. Previous research has also highlighted the influence of using social toys, such as blocks
and dolls, on promoting cooperative play among children with disabilities, emphasizing the
role of these types of toys in fostering social interaction and collaboration [61]. The types of

activities also influence the engagement of children with disabilities in the activity. The
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activity needed to be able to be adaptable for children with different abilities to participate

and to promote all the children playing together [59].

Peer-based play interventions with children with disabilities are an effective method of for
promoting play. One type of peer play intervention involves scheduled playdates. During
scheduled playdates, children with disabilities engaged in various activities with their peers,
providing them with more opportunities to learn and apply their social and communication
skills in different environments and with different children [62]. Participating in playdates
not only facilitates skill development, but also encourages relationship building, and friend-
ship development, and overall contributes to developing socialization abilities of children
with disabilities [62], [63]. Even if children with disabilities do not currently have all the nec-
essary skills for interacting and playing independently with their peers, being in the presence
of their peers is crucial for their play skill development [62], [64]. Another approach to peer-
based play interventions involved leveraging the peers of children with disabilities to moti-
vate the children and to facilitate inclusive play. In these interventions, peers initiated and
encourage social interactions with children with disabilities. As a result, these interventions
created more play opportunities and enhanced social interactions between children with dis-
abilities and their peers [65]. By promoting these interactions, peer-implemented
interventions can improve social play behaviors and developing social and communication
skills in children with disabilities [66]. Similarly, a social robot could perhaps do these inter-
ventions as a facilitator and motivator for children's play. Integrating a social robot in such
interventions can provide additional support and encouragement for children with disabilities

to engage in play activities [67], [68].
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Another type of play interventions utilizes adult facilitators. One example is a play interven-
tion called modeling. Modeling has been an effective strategy for facilitating skill
development in children [69]. Through imitation and modeling techniques, children are
taught specific skills through observation and practice. Video modeling can encourage chil-
dren to learn play skills through observational learning [70]. In this intervention, they showed
a video showcasing various play activities or actions, and the children were encouraged to
mimic the behaviors shown in the videos. This visual representation allowed children to ob-
serve the desired actions and engage actively in learning the skills. The video format allows
for more control and consistency of the model, and these videos can be repeatedly shown to
the child and used for multiple children [62]. Modeling can be in an in-person format through
live modeling. Researchers have explored using live modeling combined with verbal descrip-
tions, and found that children demonstrated the modeled play skills following the
intervention [71]. By incorporating modeling interventions into the play and learning pro-
cess, children gain more opportunities to play and acquire new skills, enhancing their overall

development and growth.

In our research we consider factors and types of interventions that should be considered for

having the robot help facilitate play.

2.4 Play as a Foundation for Social Robots

In this section, we went into the background of play, describing its significance and impact
on the well-being of children. We then reviewed various play interventions, such as peer-
implemented interventions, that have been implemented and leveraged in the past to support

children with disabilities in their play. A comprehensive understanding of play, the evolution
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of play, and currently used play interventions, can help inform the potential for social robots
in this area and allow us to consider how social robots could similarly be incorporated and
utilized to support play. Throughout this dissertation, we explore the potential of social robots

as a tool for supporting and encouraging children with disabilities to engage in meaningful

play.
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Chapter 3

Related Work

This chapter describes related work that provided a solid foundation and informed our study
design and research methodology. By summarizing related work and known benefits of social
robots in supporting children's play, we establish the significance of our study within the field
of Human-Robot Interaction and justify our study design decisions. We provide a summary
of the field of Human-Robot Interaction, emphasizing the significance of adopting an inter-
disciplinary approach to address the complex challenges in this field. Building upon this, we
explain our decision to focus on social robot technology for supporting children, briefly de-
scribing their advantages over other forms of technology. We specifically narrow our focus
to social robots designed for children with disabilities, recognizing the importance of address-
ing their unique needs and challenges. Lastly, we talk about previous studies that have used
co-design techniques, showing the valuable contributions made by engaging children in the
design process. Overall, this review of related work sets the stage for our research, positioning

it within the broader context of social robots, play, and children with disabilities.
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3.1 Human-Robot Interaction

Researchers in Human-Robot Interaction (HRI) investigate a variety of challenges regarding
humans interacting with robotic technologies. The study of HRI investigates various aspects
of the interaction between humans and robots, such as the technical, social, and ethical di-
mensions. The multidimensional complexities of the research in this field highlight the need

for an interdisciplinary approach to understand and navigate these challenges.

From the technical perspective, researchers seek to develop robots that are safe, reliable, and
capable of understanding human communication, expressions, and behaviors. These re-
searchers work on exploring ways to create intuitive interfaces [72], enabling effective
communication methods [73], and designing robot behaviors that are both practical and so-
cially acceptable [74]. Through HRI the societal impact of robots and the factors influencing
human acceptance, trust, and adoption [75]-[77] are also investigated. For example, research-
ers explore social and psychological implications of human-robot interactions, investigating
how these interactions can affect human emotions and behaviors. Researchers also explore
people’s perceptions and concerns regarding privacy [78], ethics [79], and cultural sensitivity
[80], seeking to develop guidelines and frameworks that ensure responsible and more suc-
cessful robot design and deployment. Similarly, in this dissertation, we investigate various
factors that could influence the success of the adoption of a social robot for play with children

with disabilities to provide recommendations for future researchers.
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3.2 Why Robots?

Research has demonstrated humans sub-
consciously treat media as they would with
a real-life person or situation, no matter
how much they know or think about it

[81]. Research suggests the level that you

experience this will depend on factors such
as age, gender, and culture, but in the end, Figure 3.1. Examples of social robots, taken from [2]

it is a natural response for all of us. There have been multiple studies showing this is true for
characteristics such as politeness [82], motion [83], emotion [84]-[86], and social roles [87].
This research further demonstrated that people naturally will interact with technology as
they would with the real world in everyday life, which we can leverage in our designs for

supportive social robots.

Various types of technological agents exist, including co-present robots, tele-present robots,
and virtual agents. While these agents can serve similar purposes, co-present robots stand out
due to their physical embodiment and presence with the user. A physical embodied robot has
a physical instantiation, allowing the robot to utilize social cues and non-verbal communica-
tion such as gestures, facial expressions, and body language [88], [89]. Additionally, co-
present robots can utilize haptics and proxemics for communication, which are not feasible
in virtual environments. Moreover, co-present robots can interact with the physical environ-
ment, enhancing the interactive experience. Previous research has shown the differences

between these types of agents, with co-present robots eliciting stronger emotional responses,
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enhancing enjoyment, and promoting engagement compared to tele-present robots, making

interactions more compelling and meaningful from a human perspective [88], [90], [91].

While virtual agents and tele-present robots have advantages, such as flexibility, cost-effec-
tiveness, and easy distribution, robots with a physical embodiment offer benefits that enhance
user experience and effectiveness of their interventions. For these reasons, we chose to lev-

erage social robots to support children with disabilities in play.

3.3 Social Robots

Social robots are robots designed to interact with people in a social matter, using social norms
and standards [92] (Figure 3.1). These robots typically take a biomorphic or anthropomorphic
form, with abilities such as perceiving and understanding human behavior and communi-
cating with social behaviors such as facial expressions, eye contact, gestures, and speech [93].
Imitating the qualities of social beings, social robots focus on engaging in meaningful inter-

actions with their users and supporting them in various ways.

One example of social robots supporting people is in healthcare centres. Social robots have
shown promise in multiple areas supporting older adults [94], adults, and children, assisting
with rehabilitation [38], promoting social interaction [33], and providing emotional support
[49]. Through their physical presence, embodiment, and capabilities, social robots act as a

tool to improve healthcare services and the overall quality of support for patients.

Another example of social robots supporting people in education. The incorporation of social
robots in academic environments holds the potential to enhance the learning experience.

These robots can engage children through dynamic and interactive activities, promoting
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children’s participation and motivation in learning [95]. Furthermore, social robots can be
used to facilitate social-emotional development by helping students develop social skills, em-

pathy, and emotional regulation [96].

One of the key challenges in human-robot interaction is ensuring long-term engagement and
sustained use of social robots. Researchers are exploring factors that influence long term en-
gagement and ways to design social robots that maintain users' interest and adapt to evolving
needs over extended periods [52], [97]. Long-term interaction involves creating robots that
establish and maintain relationships with the users, learn from their preferences and behav-
iors, and evolve their behaviors to support the user. By focusing on long-term interaction,
researchers aim to develop social robots that can seamlessly integrate into users' lives, provid-

ing continuous support, companionship, and assistance.

We contribute to previous research by looking at how social robots can support children with
disabilities in play. To develop recommendations for designing social robots for children with
disabilities, we worked with children and their families to understand their needs and identify

any concerns they would have with a social robot in their home.

3.4 Social Robots for Play and Children with Disabilities

In the past, non-social robots were predominantly utilized as tools to facilitate play for chil-
dren with physical disabilities. For example, Mahdi et al. [3] aimed to address the limited play
opportunities for children with physical disabilities by designing a remote-controlled non-
social robot (Figure 3.2). This robot allowed children with varying ranges of movement to

engage in collaborative play with their peers, as it had adjustable levels of autonomy. The
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researchers found that this design helped mit- D 4 a \

\ '
igate the challenges caused by differences in .\J / ,,,)
mobility. Similarly, Lindsay and Lam [36], con- m

ducted a project where children transitioned

from solitary play to parallel or cooperative

play over time during an adaptive LEGO robot-

Figure 2.2. myJay robot designed by Mahdi et al.,

ics program involving a non-social robot.
prog & taken from [3]

These studies suggest that programs with robots like this could effectively facilitating collab-
orative play for children with physical disabilities. In the past, non-social robots were
predominantly utilized as tools to facilitate play for children with physical disabilities. Our
research delves into the novel use of social robots for children with diverse disabilities, in-

cluding those with physical disabilities, which has been relatively unexplored until now.

Previous research has investigated the types of play children engage in when playing with a
robot. In a study involving a child-operated robot, researchers discovered that the level and
quantity of pretend play increased with age [98]. Younger children tended to engage in more
functional play with the robot, while older children incorporated pretend play or role-playing
elements more frequently. Young children struggled with incorporating the robot into their
pretend play, indicating a need for further exploration and understanding of the factors that

influence the type of play children can do with social robots.

Commonly, social robots have been used in research on children with neuro-developmental
disorders. For example, the social robot KASPAR was utilized in a study with children on the
autism spectrum, demonstrating improvements in their social behaviors during play [33].

Previous research demonstrated the value of collaboration between researchers, therapists,
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and professionals in the development of robots
to support children with disabilities. For exam-
ple, the Teo robot was designed in
collaboration with therapy professionals to

foster free play among children with neurode-

velopmental disorders. [99]. The therapists
Figure 3.3. IROMEC Robot, taken from [4]

involved in the study agreed that Teo elicited more social interaction and other encouraging
behaviors. However, their results showed minimal evidence of these benefits as there was a
small population size and numerous variations between participants. In the IROMEC [4], [38],
[39], [100] project (Figure 3.3), researchers built a robot tailored for interactions with children
with physical disabilities and those on the autism spectrum. Their requirement to meet the
needs of both groups of children was a major limiting factor because of their conflicting needs.
For both groups of children, the robot could not fulfill their needs and expectations. Our re-
search will focus on bringing in insights from the families of these children to provide their
perspectives and generate grounded recommendations on how to design such robots. These

insights will allow researchers and professionals to understand the practical and social land-

scape the robot needs to be designed within.

The previously mentioned research projects had custom-built research robots, but there has
also been some research testing commercially available devices. Researchers found that the
ZORA robot [35], [101] elicited many positive, such as increased concentration and attention
of the child with disabilities. However, there were many technical challenges with the robot,
including the lack of scenarios and the professional’s inability to customize the scenarios in-

dependently for their sessions. Our interpretation is that potentially their design did not
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sufficiently consider users’ needs and social structures. Thus, in our work we tried to take a
step back and work with children and their families to get a clearer sense of the user require-
ments for such a social robot. However, knowing what commercially available robots exist

and their limitations can help ground our ideas with current technological feasibility.

3.5 Co-designing Robots with Children

Involving children in the design process is be-
coming increasingly prevalent in Human-
Robot Interaction. The aim of these ap-
proaches is to obtain direct input and
feedback from primary stakeholders regard-

ing general needs, concerns, and innovations.

. . . Figure 3.4. Co-design activity performed with chil-
Co-design techniques have been employed in ..., taken from [5]

previous studies to engage a wide range of aged children to design robots for creativity [102],
mental health [45], and education [46]. The researchers in each case gathered data and con-
ducted analysis to develop guidelines for designing robots tailored to their specific cases. This
data was utilized in some instances to construct, test, and assess the subsequent robot proto-
type. Moreover, the children had the opportunity to engage in a valuable learning experience

centered around robotics and user design.

Our methodology was inspired by a study where researchers worked with children and their
parents to explore design requirements for a social robot to help a child with pain manage-
ment [6] (Figure 3.5). Before their session, they introduced the children to a handful of robots

and allowed them to spend time interacting with them. Similarly, we included a section in
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our study to help ground the stakeholders with what is currently technically feasible for a
social robot. These methods show the efficacy of using this technique with children and out-
lined a potential structure of how we could run the session, the activities that worked best,

and potential issues that might arise.

Figure 3.5. Resulting co-design prototypes from a study done with children, taken from [6]

3.6 Related Work Overview

In Human-Robot Interaction (HRI), researchers examine the technical, social, and ethical di-
mensions of humans interacting with robots. They work to develop physically safe and
reliable robots that can understand human communication and behaviors. Researchers use
these robots to explore societal impacts and factors influencing their integration, such as ac-
ceptance, trust, and adoption. Past research showing that people interact naturally with
technology informs our focus on co-present robots, considering their physical embodiment
that enables rich non-verbal communication and intuitive interactions. Social robots have
been used in multiple applications showing their positive influence and support of children
in many domains. In this dissertation, we specifically investigate the potential of social robots

to support play among children with disabilities, aiming to provide recommendations for
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future research and contribute to developing inclusive technologies that enhance their well-

being and play experiences.
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Chapter 4

Study and Methodology Design Challenges

Work presented in this chapter has previously appeared in the following publica-

tions:

Raquel Thiessen. 2023. Social Robots to Encourage Play for Children with Physical
Disabilities: Learning from Family Units. Companion of the 2023 ACM/IEEE

International Conference on Human-Robot Interaction, 784-786.

Raquel Thiessen, Minoo Dabiri, Denise Y Geiskkovitch, Jacquie Ripat, and James Everett
Young. 2023. Social Robots to Encourage Play for Children with Disabilities: Learning
Perceived Requirements and Barriers from Family Units. Companion of the 2023

ACM/IEEE International Conference on Human-Robot Interaction, 625-628.

In this chapter, we review the challenges we faced when designing a study to explore the

requirements for a social robot for facilitating and supporting play for children with
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disabilities. Our objective was to create a study design that actively engaged our participants,
enabling us to gain valuable insights and information from the primary stakeholders. While
we could have learned some information through focus groups or interviews, obtaining in-
depth data, especially from young children with disabilities, posed significant challenges. For
this reason, we decided to perform a study with co-design techniques to help engage the
children and their families. When designing our study, we had to consider factors such as
time constraints, children's differing physical and communication abilities, difficulty access-

ing participants, and the demanding nature of their school and therapy schedules.

Our first challenge was ensuring the participant feedback was grounded in the reality of what
is feasible for robots, acknowledging the potential influence of exaggerated expectations by
science fiction and media. Secondly, we had to determine the scope and eligibility require-
ments we wanted to have for our participants. The limited number of children with specific
disabilities presented challenges for sample size and representation. Lastly, building bridges
with the community was a crucial but challenging task we needed to face. Collaborating and
establishing strong connections with the children, their guardians, and the children’s reha-

bilitation centre became imperative for conducting our study and recruiting participants.

By addressing these challenges, we aimed to develop a study design that effectively explored
the design requirements of social robots for children with disabilities and considers the com-
plexities of this research area. Through this research, we strived to contribute to the future
development of social robots that have the potential to positively impact the lives of children

with disabilities and their families.
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4.1 Determining Project Scope

The first challenge we faced was setting the project scope to fit within the reasonable bound-
aries of a masters-level project. We originally had the idea to do a focus group with
physiotherapists and occupational therapists before running a study with family units with
the intent to gain initial insights for recommendations based on their experience. Conducting
a focus group with professionals would help us gather information for our research questions
and help us be more prepared for our study with families. Our idea was to run one or two
sessions over lunch at the Specialized Services for Children and Youth (SSCY), recruiting the

staff to get their perspectives about robots.

We decided against doing this for a few reasons. The first reason is many previous studies
have already worked with healthcare professionals such as occupational therapists, physio-
therapists, and doctors, with many even specifically doing focus groups. We felt that this data
is already known and discussed vaguely in the literature. Secondly, after starting the process
for ethics and working with SSCY, we realized it would most likely be a long process. There-
fore, we decided that working with families would be the most impactful and should be

prioritized.

4.2 Session Time and Location Considerations

Within the study, we had to consider the project's scope and the researchers' experience when
making decisions. For example, we had to decide whether to do group sessions or one-on-one
sessions. Given the researcher's experience and the potentially sensitive nature of our inter-
views, we decided one-on-one sessions would be best. Additionally, we had to consider one-

day sessions compared to a multi-day session, with the family. Given the potential
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complexities when working with children with various disabilities and the issues that might
come from recruiting for a multi-day session, having a short one day session seemed the most

feasible given our setup and population.

Once we decided to do a one-day session, we needed to determine the duration of our sessions
and adjust our activities accordingly to fit within that timeframe. Given our participants were
young children with disabilities, we had to be considerate of how long they would be able to
engage with us. Our study plan involved grounding the participants through a demonstration
and eliciting their thoughts and perspectives using a co-design-inspired activity. We pilot
tested our session with a pilot to allow us to make any modifications needed to ensure it

would fit within our target duration of 1-1.5 hours.

Lastly, we had to consider where we wanted to run our study. We initially considered con-
ducting the session at a booth in a public area like the front entrance area at SSCY, a fair, a
mall, or the university. However, due to the potentially sensitive nature of the sessions, we
determined that having a private space would be more appropriate. Additionally, we wanted
to avoid interruptions from other children or families drawn to the robots and our booth if

conducted in a public space.

4.3 Target Demographic Considerations

When designing our study, we carefully considered the eligibility requirements for our par-
ticipants. Given our choice to focus on children with disabilities, we expected difficulties in
recruiting participants and potential challenges in running our sessions with them. However,

we recognized that involving their guardians would allow us to collect more valuable
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information and help facilitate our interaction with the child, supporting their comfort and

cooperation.

We originally intended to narrow our participant scope to children with physical disabilities.
However, we acknowledged the sensitivity surrounding disclosing a child's disability. As a
result, we did not require families to disclose specific information about the nature of their
child's disability. Without requiring them to disclose and verify their disability, we could not
report on the nature of the disability of the children. Therefore, as we encountered anticipated
recruitment challenges and felt a further need to prioritize inclusiveness, we realized the need

to expand our scope to include a broad range of disabilities.

While we understood the importance of considering age within our analysis, we also had to
navigate recruitment limitations. As a result, we determined that the participants should just
be old enough (around four years old) to probably have developed verbal communication
skills to enable us to collect data. We also focused on play in our study, which is more relevant
and vital in the younger age groups. Therefore, we tried to find a balance by selecting partic-
ipants who were both more likely to be capable of verbal conversations and young enough to
have a stronger inclination towards play and where play is more prevalent and relevant for
their development. However, we acknowledged that children with disabilities may exhibit
cognitive abilities that deviate from their chronological age. Therefore, we decided to have a

broader age range to accommodate these potential individual differences.

Though we tried to set an age limit where children would most likely be verbal, our study did
not exclusively include verbal children. Though for children without disabilities, our age spec-

ification would have meant they most likely were verbal, for children with disabilities, their
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speech and communication skills can be delayed or hindered because of their disability. We
recognized the value of understanding the experiences and needs of all children with disabil-
ities, even those who were limitedly verbal. Therefore, we still conducted the session with
them, but with the expectation that they may or may not respond to questions in the semi-
structured interview. We would attempt to ask the same questions and follow the same pro-
cedure but would adapt if needed and focus more of the interview questions on the guardian.
By making this decision, we aimed to consider the wide range of abilities among the partici-

pants and ensure they were properly represented.

By carefully considering these factors, we aimed to create an inclusive sample of children
with differing abilities. This approach allowed us to gather diverse perspectives and insights,
enabling us to learn the practical and social environment a social robot would need to inte-

grate support children with play.

4.4 Creating Connections with the Community

It was vital for us to establish a strong connection with an established centre in Winnipeg
that would not only allow us to work with children with disabilities but also be able to provide
a space for our study sessions. We intended to hold the sessions at the centre to streamline
the process for the participating families and make it as convenient as possible for them.
Fortunately, Dr. Jacquie Ripat had prior connections working with the centre, which were
invaluable in facilitating our connection to the center's activities and the larger community.
Partnering with the center proved beneficial in multiple ways. It assisted us in the recruitment

process, allowing us to meet and work with a diverse set of children with disabilities. It also
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offered an opportunity to engage with the community and gave the children a memorable

experience, even for those who did not participate in our research study.

We needed approval from the SSCY centre to let us recruit and conduct our study at their
center. Securing this from the center involved navigating a multi-step process that demanded
careful attention to detail and consideration of ethical guidelines. In addition to getting ethics
approval from the university Research Ethics Board (REB), we required approval from the
SSCY center's research committee. We needed to show the significance of our research and
the potential benefits for the field and the community. Dr. Jacquie Ripat introduced us and
our project, helping us build trust and credibility with the center's directors. As we started
the process during the spring, we encountered challenges meeting and coordinating with the
center's team due to summer vacations and differing availability. Dr. James Young communi-
cated and worked with the directors at the center to help get the approvals we needed and
presented our research plan to them, helping them understand our research and its im-

portance.

While Dr. Jacquie Ripat was familiar with the center's operations, our primary researchers
were unfamiliar with its day-to-day procedures, which posed a challenge for planning and
preparation for our study. To address this knowledge gap, we requested a tour of the center.
We believed that learning the center's layout and daily operations would allow us to plan our
study and ensure a smooth integration. However, we encountered a slight setback when the
centre was unable to give a tour until we obtained ethics approval from the university re-
search ethics board and SSCY. We understood and respected their cautiousness, recognizing
the need for strict procedures considering the COVID-19 pandemic and the need to protect

the privacy and well-being of the children and their families. We instead focused on securing
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the required approvals to run our study at the center and preparing our researchers and as-

sistants to run the sessions.

4.5 Summary of Challenges

Throughout this section, we talked about the high-level scoping and challenges we had de-
signing our study and how we addressed them. The first challenge in this project was to
maintain perspective on its scope, considering the time constraints of a master's project. We
addressed this challenge by prioritizing running a study with families, deciding to do individ-
ual sessions, and choosing a one-day format to minimize potential logistical complexities.
After establishing the project's scope, we focused on determining the session duration and
adjusting activities accordingly. Given the children participants would have diverse abilities,
we recognized the importance of selecting a session length that would balance the time
needed to gather valuable information and respect their engagement capacities. We expanded
our scope of participants to include a broader range of disabilities and an age range based on
the approximate age at which the child would likely have verbal communication skills and
still have a strong inclination towards play. Following our project scope and participant de-
cisions, we needed to establish connections with the center where we would conduct our
study. Once we had project approval, our final challenge was navigating the schedule and

procedures at the center to find an optimal way to recruit.
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Chapter 5

Study Design

Work presented in this chapter has previously appeared in the following publica-

tions:

Raquel Thiessen, Minoo Dabiri, Denise Y Geiskkovitch, Jacquie Ripat, and James Everett
Young. 2023. Social Robots to Encourage Play for Children with Disabilities: Learning
Perceived Requirements and Barriers from Family Units. Companion of the 2023

ACM/IEEE International Conference on Human-Robot Interaction, 625-628.

Based on the constraints highlighted in the previous chapter, we developed a study design
that worked with a broad spectrum of children with varying disabilities. Our study started
with a brief demonstration showcasing each robot to the participants to help ground them
within current technical feasibility, showing what present-day robots look like and can do.
Following the demonstration, we engaged them in a reflection, and then a co-design inspired

activity.

This dissertation proposes to investigate the perspectives of a social robot to support children

with disabilities. From this project, we would be better positioned to develop social robots for
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children with disabilities and do a long-term deployment in homes. We use this dissertation
to understand significant factors we must consider in this design and deployment process.

We present our study design to engage and elicit families.

5.1 Participants and Recruitment

Our target participants were families with a child 4-14 with a disability and their guardians.
Our focus was this age group since children of this age group are more likely able to talk and
participate in a co-design activity and are in the group of children where play is vital to their
development. To mitigate the expected recruitment challenges, we expanded it to understand
families’ opinions for children of many ages and also to help us be flexible for children who
cognitively might not be the same age as their biological age. We were also open to including
siblings as they are also a crucial aspect of a family and might be able to provide unique

perspectives on their siblings and home.

Our recruitment poster (Appendix E) was posted around the SSCY center, on social media,
and emailed in their newsletter. Additionally, we had a recruitment booth featuring Pepper
and Aibo in the front waiting area of SSCY (Figure 5.1). At our booth, we met the children,
introduced them to some robots, and told families about our study, potentially scheduling
them. On days that were slow, a researcher would walk around the SSCY center with Aibo
and some posters to tell family units about our research and direct them to our booth to meet

Pepper if they wished.
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Figure 5.1 Example of our set up at our SSCY recruitment booth with the robot Nao representing the child
If participants emailed us, we would reply with predefined emails (Appendix D), confirming
their child fit our requirements: aged 4-14 and has a disability. We did not require the child
to be verbal or speak English. If they scheduled it in person at our booth, we would verbally
confirm if their child fit our requirements. If they met the eligibility requirements, we would

schedule their session.

5.2 Study Tasks

Our study had two primary phases: social robot exposure and elicitation, where the elicitation
phase consists of three subphases: reflection, creation, and storytelling. We draw heavily from
a priori elicitation study by Zhang et al. [6]. Below, we define our study methodology, includ-

ing the different phases, their procedure, and the materials used.

5.2.1 Grounding Families within Current Robot Capabilities

To help ground the stakeholder’s ideas within what is technically feasible we introduced par-
ticipants to existing social robots. Our introduction gave participants an idea of current
robot’s appearance and abilities. To provide our participants with a more thorough view of

currently existing robots, we used a variety of robots with varying abilities, both humanoid
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and animalistic. Based on having this experience, we believed the stakeholders would be
primed to understand known possibilities and benefits, better positioning them to make judg-
ments regarding a social robot intervention and provide grounded and realistic desires,

opportunities, and use cases. This robot demonstration was approximately 10 minutes in total.

5.2.2  Elicitation

This phase focused on engaging the stakeholders in data collection that we can use to help
understand our research questions. We performed elicitation through activities inspired by
co-design and participatory design methods. We adapted the choice of activities per session
based on the children’s preferences and modified them based on their abilities. Throughout
this phase, we prompted the child and other family members to get additional information on

their design decisions, general thoughts, and feedback.

Reflection on Social Robot Demonstration. In this phase, we aimed to learn what the
family unit (child and guardian) thinks about having social robots at home. This phase also
enabled us to help participants start brainstorming before we asked them to design their ro-
bots. We did this by having the participants verbally reflect on the robots they saw by asking
them questions about what they thought of them. For example, following the robot exposure
phase, we would ask the child which robot they saw was their favorite, what they liked or
did not like, and how they might use it. For the guardians, we asked how comfortable they
would be with these robots in their homes and any concerns they would have. This phase
allowed us to get a high-level understanding of the guardian and child’s thoughts and helped
them get comfortable talking to the researcher. For guardians specifically, asking these ques-
tions in this phase ,and then again later, helped give us an idea of how their answers may

have changed throughout the session.
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Creation. In this subphase, we aimed to understand the kind of robot participants believed
would help encourage a child such as themselves to play. We gave the family units two op-
tions of activities for the creation task to accommodate interests and diverse abilities. They
could build a physical robot prototype using our toolkit (Figure 5.10) or draw one using the
provided paper and drawing materials. Though we did not discourage the guardian from par-
ticipating in the creation, we intended this activity to be child driven. To minimize the
guardians initial influence in the child’s creation, we asked the guardian questions regarding
their thoughts of having a robot in their home, while the child worked on creating their pro-
totype. Following the completion of the prototype, we asked more specific questions to the
child and the guardian that focused on the general physical design, the functionalities, use
cases, and the social dynamics described with the robot. Using the prototype and its descrip-
tion by the child, we asked the guardians their concerns with the described robot interacting
with their children or of it being in their home and any perceived barriers of integrating such

a robot.

Storytelling. Through this exercise, we aimed to understand how children imagined them-
selves or another child playing with the robot, as well as the fears they might have about the
robot in their home, their perception of a robot’s limitations, and potential robot roles in their
play or their life overall. Further, we used the creations to elicit guardians thoughts about the
robot their child described interacting with their children, being in their home, or any per-
ceived barriers to adoption and use. Finally, we encouraged children and their families to
create stories using their robot design (e.g., to draw, act out, or verbally), resorting to the
researchers describing scenarios of them with their robot and asking what they thought about

them. For example, we presented scenarios where the robot engaged in a shared interest, such
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as playing soccer. We then asked the children and their families to imagine their thoughts
and feelings if that were to happen. This storytelling exercise provided valuable insights into
their perspectives, concerns, and potential benefits they envisioned the robot could bring in

different real-life situations.

5.3 Instruments

5.3.1 Robots Used

We used a Nao Robot, Aibo Robot, SnuggleBot, and a Pepper Robot for our robot demon-
strated that our described below. For physical safety reasons, the children were only permitted
to touch the SnuggleBot and Aibo during this demonstration since both robots were small

and did not have areas that could pinch the child’s fingers.

Nao Robot. We used a Nao Humanoid Robot (Figure 5.2) v6 from «©

Softbank Robotics. These robots have a football-shaped faces with lit- S = ‘
up eyes and a mouth, as well as arms and legs, making them look
humanoid. We chose to use a Nao robot to have a smaller humanoid

< @
bG8

robot that would be less intimidating potentially than something like ‘t j )

Pepper. The robot is 58 centimeters high and has 25 degrees of free- Figure 5.2 Nao robot [7]

dom, microphones, and several touch sensors to interact with the environment. This robot is

not intelligent and was programmed for our demo.

9

Aibo Robot. The Sony Aibo robot (Figure 5.3) resembles realistic- (0

looking dogs, with animated blinking eyes that appear to follow your ’ J

/

N
gaze. Their eyes allow the robot to have social expressions, adding to -

Figure 5.3 Aibo Robot [8]

43



Thesis Advisor Author
James E. Young Raquel Reann Thiessen

its lifelike and realistic qualities. They behave similarly to real dogs, barking, wagging their
tails happily, and whining when seeking attention. The robot's body has the freedom to move
along 22 axes. Additionally, Al technology allows Aibo to exhibit training behaviors and ap-
pear to grow up, first acting like a puppy and then more like a fully developed dog. Built-in
sensors detect and analyze sounds and images, enhancing the robot's ability to intelligently

respond to its environment.

Snugglebot Robot. The Snugglebot (Figure 5.4) is a cuddle robot
that was designed and built at the University of Manitoba. Snug-
glebot has a soft exterior and an internal exoskeleton that allows
the arm fins and tail to move. With internal sensors the robot can

detect when its being hugged and knows when it is warm. Based

on its state the robot has a light up LED in its horn to display its

state such as happy, lonely, or cold.

Pepper Robot. We used a Pepper Humanoid Robot (Figure 5.5) P
- 4
from Softbank Robotics. It is designed to interact with humans in -
a social and engaging manner. Standing at around 1.2 meters tall, <
¢
Pepper has a curved white body with a tablet screen at its chest. § )
Pepper is equipped with a range of sensors, cameras, microphones, \
. . 1
and speakers that enable it to generally perceive and understand : o
its environment. It can detect human faces, recognize emotions, v ,«‘/

and engage in somewhat natural conversations through speech Figure 5.5. Pepper Robot [10]

recognition. Pepper's social interaction abilities are enhanced by its face tracking and
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continuous body movements, which help it convey emotions and engage in non-verbal com-

munication.

We implemented a demo with the four robots discussed above. The demonstration for Pepper
and Nao was programmed using Choregraphe (Figure 5.6), Softbank’s software for program-
ming the robots. Using Choregraphe allowed us to provide a demo using built-in behaviors
and motions instead of programming them ourselves. Our demo was simple enough that we
exclusively used Choregraphe. For the Nao, we had the robot speak to the child, stand up,
walk toward the child, and then perform tai chi. For the Pepper robot, we had Pepper talk
with the child. We designed the demo for both Nao and Pepper to give the appearance that
the robot was autonomous. However, we used a wizard of 0z to ensure consistent demonstra-

tions between participants.

For Aibo and Snugglebot we used their default behaviour for the demonstration. For Snug-

glebot, we handed the robot to the child if they wanted to hold it and were told they could
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Figure 5.6. Choregraphe Software, taken from [11]
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cuddle it and the robot would respond to the hugs. Aibo was just allowed to roam free, acting

like a dog, walking around, barking, and responding to being pet.
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figure 5.7 TinkerCad Software

5.3.2 3D Printed Toolkit

For our co-design inspired creation activity, we designed a build kit inspired by Robo2Box
[103] and following studies [6], which had a toolkit to elicit children’s design requirements.
Our toolkit consists of 3D-printed pieces such as torsos, heads, legs, arms, and extra compo-
nents. Considering our study would have young children with varying abilities, we wanted

to design a build kit that would be quick and easy to use.

Toolkit Design. To create the individual pieces for our set, we utilized an online 3D editing
tool called TinkerCad (Figure 5.7). We relied on previous toolkits as references to determine
the components to include in our set. Finding the optimal size of the pieces, especially for
easy handling by children with mobility issued, required a process of trial and error. Each
piece had a flat side which allowed us to attach Velcro to each piece. In terms of object design
and creation, we use multiple approaches. For some, we utilized the online library provided
by TinkerCad and adjusted the component as needed. For example, we discovered an online

file of a cat and modified it by removing the body, keeping just the head. We also manually
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created objects using the basic shapes available in the right-side panel of the tool. These
shapes could be used solidly (displayed in color) or as voids within larger objects (shown with
grey with lines). The tool's flexibility allowed us to meet our specific requirements and create
an interactive co-design inspired activity for the children involved in our study. The Velcro
attachments and various object types in our toolkit helped the usability of the set while still

allowing for individual creativity.

3D Printing Process. Once we had finalized the 3D designs,
our next step was to create physical pieces through 3D print-
ing. We utilized a Dremel Digilab printer (Figure 5.8). The

printing process began by taking the files and preparing them

for printing using Dremel’s slicing software (Figure 5.9)

Figure 5.8. Dremel 3D Printer,

which allowed us to customize various printing parameters.
P &P taken from [12]

Though we wanted to get tidied prints with minimal mistakes, we were not concerned about
having perfectly printed components for our purposes since the creations were just a tool for

engagement.

X prepare Dremel 3045

2267x111.5x50.0 mm
DREMEL © ooncomin Wl 00om/-0g Prepare

Figure 5.9 Dremel Slicing Software
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Figure 5.10 3D Printed Components

After completing the slicing process for our file, we had prepared the 3D printer for printing.
Following the preparation of the printer we uploaded the files to the Dremel printer website.
This platform had useful features, such as estimating the printing time, previewing of the
print, and enabling us to initiate the print remotely. Additionally, the website provided a live
feed that allowed us to monitor the ongoing print, enabling us to observe its progress in real-
time. Once the print was completed, we removed the support structures from our 3D prints.
Using pliers and files, we carefully took off the support material, leaving a complete final
product (Figure 5.10). Furthermore, we glued the appropriate Velcro strips to the flat side of

each piece.

5.4 Procedure

We conducted our study at the Specialized Services for Children & Youth (SSCY) center, a
local public healthcare clinic in Winnipeg, Manitoba, that provides many services for children
with disabilities and special needs. We first brought the family unit to a private room at the
center to have a quieter and less distracting environment to run the study. We initially con-

cealed the robots to minimize distractions while the researcher did consent and assent
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procedures. We provided the option for families to disclose their child’s disability in a de-
mographics form. They were not required to do so, and we did not conduct any confirmation
of their disability, given the sensitivity of the information. The study was run in 1-1.5-hour

sessions, with only one family at a time.

Our research team consisted of a primary researcher, a computer science research assistant
to operate the robots, and an occupational therapy student research assistant to assist with
the session. The task of the computer science researcher was to operate the robots proficiently
during the demonstration, enabling the primary researcher to concentrate on the session and
ensuring consistency in the robot demonstration with each family. The occupational therapy
research assistant supported the primary researcher in engaging the child by modifying their

approach according to the child’s abilities.

Before starting the study, we obtained written consent from the guardian and verbal assent
from the child. Both the child and the accompanying guardian and siblings received honorar-
iums. The guardian received their honorarium of 20 dollars CAD before the session, and the
children received their choice of 10 dollars CAD or a toy after to minimize distractions during
the session. After the consent procedures, we started our study with the robot exposure task,
demonstrating the four robots we brought. During the Nao demo, the robot briefly spoke with
the researcher, walked toward the child, and performed a dance. The Pepper demonstration
only involved a brief conversation with the researcher. The Aibo and Snugglebot were de-
scribed briefly and then demonstrated their default behaviors of acting like a dog and
responding to cuddling, respectively. Following this task, we moved on to the elicitation tasks.
The elicitation consisted of a reflection, and creation task. We adapted based on the children's

abilities as needed. For example, for non-verbal or limitedly-verbal children, the storytelling
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activity was less formal, and we focused our questions primarily on their guardian's perspec-
tive. Throughout the study phases, the primary researcher intermittently asked semi-
structured interview questions to the children and their families to gather their thoughts and
explanations of their design decisions. The study concluded based on the following: when we
reached the end of our designated time slot, when we finished going through our questions,
or if the child was observed by the researcher to start disengaging with the activities. Upon

completing the study, the child was given the option of keeping their creation if they desired.

Our procedure and data collection were reviewed and approved by our institution’s research
ethics board mentioned in the previous chapter. Complying with COVID-19 safety protocols
defined by the province, the SSCY center, and the university, we used face masks throughout
the recruitment and the study. Between families during our sessions and recruitment, we
sanitized the area and the robots. Social distancing was maintained when possible but was

not generally achievable during the session because of the room size.

5.5 Ethics

When designing a study for children with disabilities, we must address several ethical con-

siderations to ensure the well-being and protection of this vulnerable population.

Since our study was conducted with young children, obtaining verbal assent was essential.
We started by explaining what they would be doing in simplified language and ensured they
knew they could stop at any time before asking for their verbal assent. With their consent,
we were allowed to start collecting data. However, given that our data might include their
medical information, it was crucial to take steps to safeguard the privacy and confidentiality

of participants' personal information. We implemented data protection measures, such as
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encryption, secure storage, and anonymization, to prevent unauthorized access and maintain

the confidentiality of potentially sensitive data.

Furthermore, the safety of the children was of the utmost importance, especially when in-
volving multiple robots with young children with various disabilities. We designed the robot
demonstration with participant safety in mind, ensuring the children kept their distance from
the large robots and only were in physical contact with the smaller robots that did not have
areas that would potentially pinch their fingers. Additionally, we prioritized inclusivity and
equal access to participation by adapting study materials, procedures, and communication

methods accordingly to create a supportive and inclusive research environment.

Before starting our study, we had to go through an application process with our local Re-
search Ethics Board (REB) that made sure we had made all the appropriate ethical
considerations and had solutions to address them. Following we had to get research approval

from the SSCY centre.

5.6 Data Collection and Analysis

We recorded the audio of our sessions and took photos of all materials created by children in
the study activities. The recordings and photos allowed us to focus on the session and let the
child keep what they produced if the children desired. No photographs were taken of the

family unit.

Photographs — We took a picture of each childs creation, either a robot physical prototype
or a drawing. Though we were not analyzing their creation directly, we used the images to

help us engage them and gain context about what the child described about their robot.
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Observations — For each session, we made notes of observations throughout the session that

might not have been recorded on the audio since we were not doing any video recording.

Interview Sessions — For each family unit, we conducted semi-structured interviews
throughout our reflection, creation, and storytelling phases to learn their thoughts on a robot
in their home, how comfortable they felt with their child using it, and any specific concerns
they had. We also wanted to learn what they thought of the robot's characteristics, such as
its appearance, the uses of the robot, and how a robot might fit into their homes. Sample

questions from the semi-structured interview are in Appendix F.

Demographics Questionnaire - To obtain data on the demographics of the child with par-
ticipant, we asked the child’s guardian to fill out the same questionnaire during the intake
and consent procedures. The goal of these questionnaires was to provide context to our data
knowing the child’s age, disability (if they chose to disclose it) and a bit about their family

(how many siblings they have). The demographics questionnaire is provided in Appendix C.

Figure 5.11 Researchers at SSCY with the robots and SSCY staff

52



Thesis Advisor Author
James E. Young Raquel Reann Thiessen

5.6.1 Directed Qualitative Content Analysis

In our qualitative analysis, we used a directed qualitative content analysis [104], [105]. The
coding and theme development process in this type of analysis is flexible, allowing codes and
themes to change and evolve throughout the analysis process. This approach primarily uses
a deductive approach to coding our data. A deductive approach uses a predetermined code-
book to ensure that the coding contributes to themes or topics related to the research
questions. Typically, some inductive coding is used to produce codes reflective of the content

of the data beast representing the meaning conveyed by the participants.

The process of directed content analysis involves multiple phases, which will be summarized
below. In Phase 1, the researcher immerses themselves in the data, repeatedly reading and
familiarizing themselves with it to identify important information. Phase 2 involves generat-
ing initial codes, which serve as the building blocks for the following analysis process. These
codes are concise labels (i.e., “EB” representing explicit benefit) that capture the relevant in-
formation aligned with an emerging theme or the research questions. Systematically working
through the dataset, the researcher identifies interesting or notable aspects and labels them
with the appropriate codes. Directed content analysis is a recursive process that allows for
continuous addition and refinement of codes as they emerge within the data. Phase 3 focuses
on creating themes by interpreting the overall meaning found in the dataset. In this phase,
the researcher carefully reviews and analyzes the coded data, identifying main themes and
subthemes that capture the essence and underlying meanings of the data. In Phase 4, the
researcher critically reviews the potential themes identified in relation to their dataset. This
iterative process ensures the themes align cohesively with the data and address their research

questions. In Phase 5, the researcher defines and names the themes, providing a detailed
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understanding of the theme’s connections to the research questions. Finally, Phase 6 involves
writing the paper, where the researcher synthesizes the reflexive analysis findings into a clear

and meaningful narrative.

5.6.2 Qualitative Analysis

We defined our qualitative analysis plan following conducting our study but before the anal-
ysis process. We started by defining focal points (codes) under each research question we
would look for within our transcripts.

Our first research question, what are their concerns and perceived barriers to adopting a so-
cial robot to support children in facilitating play? had the following focal points:

(1) Explicit concern or barrier

(2) Prior experience with tech

(3) Concern for breaking the robot

(4) Concern for impact on the child or family
(5) Concern with the child’s ability

(6) Reasons for no concern

Our second research question, what are their desires and perceived opportunities for a so-
cial support robot? had the following focal points:

(1) Explicit benefits

(2) therapy opportunities

(3) Assistive for activities or learning

(4) Secondary opportunities (general play, family impact, etc.)
(5) Teaching appropriate behaviors or morals

(6) Physical characteristics

(7) Important features

(

8) How they thought robots could motivate them
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Our third research question, what are the specific use cases or scenarios they envision using
a social robot in? had the following focal points:

(1) Use cases child-ability specific,
(2) Uses cases independent of child-ability

Lastly our fourth research question, what are their ideas on the roles the robot could take and
its social dynamic with the child? encompassed the following focal points:

(1) Robot role and
(2) Child-robot social dynamic

Throughout our analysis, we refined our codes as needed and added other codes as they
emerged in the data. In cases where codes were added, the researcher went back through the
transcripts looking for data that fit within this new code in other sessions. Once we finished
coding, we thoroughly examined the quotes, searching for recurring and noteworthy themes
that emerged across the sessions. Once these themes were identified and organized, we con-
ducted another thorough review of the data to ensure we noted any additional quotes aligned
with these themes. Following, we started the writing process, constructing a result section
that revolved around these themes to form a clean and cohesive narrative. Throughout the
iterative writing process, we made necessary adjustments to the themes and groupings as
required. Finally, we used our themes and overall narrative to derive general recommenda-

tions for future researchers designing social robots to support children with disabilities to

play.
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5.7 Study Summary

To explore how social robots can sup-
port children with disabilities in play, we
designed a study to be hosted at a chil-
dren’s rehabilitation centre involving co-

design activities with children and their

families. Our main objective was to de-

-

sign a study that would allow us to Figure 5.12. Pepper Greeting at SSCY

understand the family units' perspectives on social robots to support play and the primary
concerns or barriers they believe exist regarding having such robots in their homes. Our study
design began by grounding participants through a demonstration of four different social ro-
bots, followed by a reflection exercise to start the brainstorming process that allowed time
for the family to get comfortable talking with the researcher. Following, we did a co-design
activity with children with disabilities creating robot prototypes using our 3D printed toolkit
or drawing materials and facilitated discussions on their opinions, needs, wants, and con-
cerns. Through directed content analysis, we used our data from the discussions with family
units to identify primary themes and derive recommendations for designing social robots that
facilitate inclusive play for children with disabilities. We present our findings in the following

section.
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Chapter 6

Study Results

In our study, we focused on exploring the perspectives of families with children with disabil-
ities to learn what concerns they had regarding a social robot in their home, how they imagine
the child might play with it, and what role and social dynamic they believe the child would
have with the robot. The participant data we collected helps us answer our fundamental re-
search questions and to move toward developing recommendations for future work designing

social robots for children with disabilities to support them with play.

Using the study procedure outlined in the previous section, we recruited eight family units at
SSCY who participated in our study. All participants engaged with our activities, with seven
children choosing to use our build kit and one child choosing to draw. Though not all the
children were fully verbal, seven of eight children with disabilities engaged in at least some
discussion with their guardians and the researcher. This section will discuss about the results
from the data we collected that help us answer our fundamental research questions and to

move toward developing recommendations for future work designing social robots for
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children with disabilities to support them with play. Below we outline the dominant themes

from our qualitative analysis and present the resulting recommendations and considerations.

6.1 Participants

We recruited eight groups consisting of eight children participants with a total of 1 accom-
panying sibling and eight guardians interested in participating in the study (Table 1). Out of
the children with disabilities who participated, five children were female (mean [age] =7.5,
SD=2.87). The tables below describe the group demographics and children’s disabilities as

disclosed on our demographic questionnaire.

TABLE L.

Family-Unit Participants

Family Unit 1 2 3 4 5 6 7 8
Child C1 C2 C3 C4 C5 Cé6 C7 Cs8
Guardian G1 G2 G3 G4 G5 G6 G7 G8
Sibling S5

TABLE II.

Participant Demographics

ID Gender Age Disclosed Disability

C1 Male 5.5 ASD and ADHD

C2 Female 11 social and communication issues

C3 Female 3.5 issues walking and balancing

C4 Male 6 ASD

C5 Female 11 intellectually disabled, apraxia of speech, issues walking
Cé Male 9 limited range of motion and unable to walk

C7 Female 5 paralysis of legs with minimal recovery
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C8 Female 9 undisclosed

6.1.1 Recruitment
We faced difficulties recruiting children for our study as a limited number of children fit our
age specifications and had their guardians con-
sider the child to have a disability. We aimed to
recruit 10 -15 families. One of the specific chal-
lenges we encountered was the scheduling

conflict with our target age group, as they typi-

cally had morning appointments and attended [} A o

Figure 6.1. Child Creations from our co-design
school afterward. These children would leave the qctivity in our study

center immediately after their appointments to go to school, and their guardians would need
to return to work. This scheduling issue posed a significant obstacle to our recruitment ef-

forts. Compounding our recruitment issues was our inability to schedule appointments after

school or on non-school/non-workdays due to the limited opening hours of the center.

It also took us some time to adapt to the schedule of our target population and find the most
effective strategies for recruitment. We were initially unaware of the setting and environment
of SSCY, which made it difficult to determine the best recruitment method before being at the
center for some time. When we first started, we walked around the center to put up posters
and talk to families while carrying the Sony Aibo and telling them about our research. After
minimal responses through these methods, we changed our approach to a booth in the lobby
with the Pepper and Sony Aibo robots. We also observed that the center experienced peak
activity only until 2 PM, after which the foot traffic significantly decreased. Overall, we spent

114.5 hours at the center, over 25 trips (including packing and unpacking, setup, etc.), with

59



Thesis Advisor Author
James E. Young Raquel Reann Thiessen

100 hours dedicated solely to recruitment. Though we had a lot of families meet with the

robots and check out our booth, very few agreed to do the study.

6.2 Qualitative Analysis

6.3 Results

The data analysis process involved examining the audio recordings, as outlined in section 5.6.
There was 6.5 hours of audio data that was transcribed by the primary researcher. Addition-
ally, the participants in 8 groups created original robot designs (e.g., samples shown in Figure
6.1 and Figure 6.2). It is important to note that these creations were not the primary focus of
our research questions but were used to engage and facilitate discussion and provide a visual

aid for storytelling. Therefore, we do not analyze the actual creations in this paper.

While we did not conduct a specific analysis of the creations produced by the children, we
will provide a brief overview of the outcomes of the activity and the children's designs. We
used co-design activities to engage the child and their family in exploring the potential of
social robots to enhance play experiences. Seven children used our 3D-printed toolkit, and
one drew for this activity. The children showcased a variety of creations, generally aligning
with their verbal descriptions. For instance, those who described their robot as appearing like
a cat or dog robot incorporated the appropriate head in their designs. Children who wished
for their robot to walk alongside them used leg components, while those who envisioned
racing their robots (like one would in a wheelchair) opted for wheeled pieces. Notably,
throughout the discussion segments of the activity, if a component appeared inconsistent
with their desires or description, the children would adjust their designs, finding more suita-

ble pieces without any prompting. Though the child was the one who made the creation, their
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verbal descriptions and conversations with researchers often lead to the guardians making

additional comments the guardian or child did not mention originally.

Figure 6.2. Child Creations from our co-design activity in our study

6.3.1 Robots as Companions

Families commonly discussed potential roles that social robots could play in the lives of their
children and families, showing families openness to a social robot intervention and providing
potential design vectors for novel robotic technologies to support play. For example, multiple
family units (3) described a robot that would act as a companion, giving the child “some-
one to talk to” (G6), play with and spend time with. They described a robot that could serve

not only as a source of emotional support, but also as, providing companionship and comfort.
One child explicitly talked about how the robot could help them:

“T think what I would like to do would be like play with her or she can like help

me make friends” — C2

Similarly, in multiple family units (5) the child and or the guardian described a robot that
would act like a pet their child could play with; for example, some children specifically said

they felt this robot would be more like a pet (C1, C6, C7, C8), or that they would like to take
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care of it like a pet (C6, C7). Guardians (G4, G6) reflected on using a robot for children who

cannot have pets to gain experience and learn:

“He has always wanted a pet but there are restrictions of what he can do, where
he can go.... Knowing that he can train it to makes it feel like he isn’t missing out
on the feeling, so when he is older, he can transfer his knowledge with a real dog.”

-G6

Along the same thread, families commonly mentioned the potential of the robot to provide
emotional support, suggesting that a robot could help their child calm down (G4), “should

put them in schools because there are a lot of kids who are very sad and lonely ”(G2) and that:

“Maybe she can help me if I am sad or mad” - C2

“Yeah, if I am sad, he could walk to me and give me a hug” — C7

More generally, children and their guardians broadly discussed the potential for social com-
panion robots to support children’s existing interests and hobbies and related activities.
These activities included playing sports like soccer (C1, C2), football (CI), basketball (C2), vol-
leyball (C2), and gymnastics (C7). Additionally, some families envisioned the robot
participating in artistic activities such as singing (C1, C6), dancing (Cé6, C7), building (G4), and
role-playing (G4, C7). Two guardians also expressed that they believe their child would enjoy

having a robot that would read to them (G3, G4).

Both children and guardians (6 family units), stated that the child would primarily prefer
to play with their robot alone or only with a family member they are close to. A few chil-

dren said they would want to play with the robot specifically at home, adding they would
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primarily only play with their family members (2 children). Two family units provided po-
tential explanations, pointing out that their child may have this preference due to their
specific circumstances, such as the child currently primarily plays alone, or their child does

not have many friends:

“His friends are mainly in school not so much outside of school” — G6

“She tries, she struggles to connect. I think she would love to play with anybody...
her peers generally lack the patience to play with her for anything more than a

couple minutes if they are willing even to do that and that’s hard, it is.” — G5

For 2 of the family units the child specifically expressed sharing their robot with others out-

side their family unit with one child saying:

I like to share a lot! ... I'm going to make sure they all get a turn, that who everyone

wants it and I'm going to make sure nobody gets left out — C7

Thus, both guardians and children are receptive to social robots, conceptualizing them as
companions or pets and open to the idea that can provide emotional support, or support chil-
dren in their interests and hobbies (families open to the idea of a robot providing emotional
support). There is uncertainty perhaps regarding whether families believe that such robots
would be for solo play or for supporting children to play with others, but overall, these results
are promising from the perspective of gauging families’ willingness for a social robot for play.
Further, these results indicate potential design avenues for a play-support robot that may be

readily accepted or understood by families, for an example, as a pet or a hobby support robot.
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6.3.2 Robots as Motivators and Therapy Support

Despite the study focus on play, guardians often talked about the potential for social robots
for more immediately pragmatic purposes. For example, guardians reported envisioning ro-
bots helping to motivate their children to engage in tasks, such as promoting their

child’s group participation (G4), speech (G1, G3, G4, G5, G8), and motor skills (G3, G4, G5, G6):

“Right now, our main concern with her is her communication skills are very, I
think I told you she has apraxia of speech, so something that coaxes her to speak

clearly would definitely be helpful” — G5

“So, if he had something that sort of made it fun... something that would encour-
age him, like why don’t we do this and then we can go play this or something like

that” — G3
One guardian specifically saw the robot as a way to encourage outdoor play:

“After the covid and everything kids are like glued to the TV... it’s not good for
them, too much computer, too much TV... if they take it out the robot can socialize

with people” — G2

Conversely, another guardian was concerned they would have difficulties getting their child

to stop playing with the robot to go outside to play (G?7).

Some families (2 guardians and 1 child) tended to talk about service robots that provide
disability-related assistance. For example, one child who was in a wheelchair talked about

having a robot that could help them reach and bring things that they would not be able to
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reach on their own (C?), and guardians talked about a robot that could notify them when the

child needs help (G5, G7).

“She has little like seizure like symptoms in the past so if a robot could sort of tell

us ahead of time that’s coming” - G5

Several guardians (3) expressed potential advantages of utilizing a social robot for physical
therapy, serving as a source of motivation for children to engage in exercises and could be

used to imitate movements to assist their child:

“Say if it’s like humanoid watching how they walk or demonstrating something...
something that would demonstrate would probably encourage her to do it as well”

-G3
“Maybe if it could demonstrate kicking or throwing” — G4
Similarly, guardians noted that the robot could potentially assist the children with speech

therapy and communication. For instance, one guardian mentioned that the robot could

be beneficial in supporting their child's speech pronunciation:

“Definitely with the speech, so, it’s like if something could you know that’s what
she is trying to say and then just say it, like that’s what I do I repeat it the right

way” - G3

One family unit with a non-verbal child discussed the potential of utilizing a robot as a tool

to aid in the development of their child's communication skills:
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“At school he has a tablet that has different pictures so he can point to things to
help him communicate so if the robot was saying like hi how are you and waving

and stuff that might help with his communication skills” — G4

More generally, guardians (G2, G3, G5, G6, G8) noted potential for a social robot to help with

education, for example, helping with schoolwork:

“Uhm if there is one that could uh maths for example or spelling words, let’s try

spelling this, so it’s kind of like fun learning” — G6
Or learning a new language:

“Speaking French because he is in French immersion, we don’t speak French at

home so once he is at home it’s not there right” — G6

Thus, families envisioned robots could serve a wide range of roles, such as providing motiva-
tion and assisting with therapies and schoolwork, allowing for further opportunities for

applications of social robots in other domains.

6.3.3  Disability Related Considerations

There was a dominant theme of needs particular to the children living with disabilities. For
example, some parents noted issues with overstimulation, and thus care needs to be taken for
acclimation to the robot (3). This includes having time to adjust to the robots before chil-

dren would really engage and play with them.

“She acclimates but just is very slow, overstimulation is a big issue with her.” - G5
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“He is a bit shy... some things he just takes a little bit of time to warm up to, but I

am sure with time he would end up playing around with the robots.” - G4

These results correspond with researcher observations during the demonstration task, where
some children were observed to be initially hesitant with the robots, but over the course of
the session, they gradually grew more comfortable with playing, touching, and being around

the robots.

There was some discussion around considering the design of the robot to manage acclimation,
particularly around the importance of the robot appearance. Families felt that the robot
should have a friendly appearance, with a soft voice and soft features (S5, G3, G5, G7). Some
participants also mentioned having a robot with animalistic features specifically can be help-
ful to be less intimidating as they are more familiar for children, potentially leading to
children being more willing to play with it (S5, G3). While much of these considerations will
be important for any child, given the raised concerns over challenges with stimulation and

change, they may be particularly key for children with disabilities.

Related to this, there was some discussion on the use of robot characterization, that is, the
introduction to the robot and its characteristics (e.g., personality and appearance), which may
help and support adoption. For example, one child talked about how they believed one reason
it might be hard for a child to play with a robot is if they fear it (C2). This child suggested that
a solution to this problem would be to give it a personality (C2). They further followed this
up by saying that the most important feature for their robot was for their robot to have emo-

tions (C2).
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Families thus were concerned over the initial adoption and potential challenges faced by their
children who may have difficulty with overstimulation and change, noting that both the robot
design in terms of comfort, as well as how it is characterized to children, may be helpful in
facilitating overcoming this initial barrier. These considerations are crucial for the successful
adoption and integration of social robots for play and for ensuring that children feel comfort-

able and engaged in playing with the robot.

Children did not express concerns or considerations related to their disabilities, such as emo-
tional well-being, environmental factors, or physical limitations, unless prompted by their

guardians. Even when prompted, their discussion about these considerations were minimal.

6.3.4  Child Well-Being
The social nature of companion robots raised concerns about child emotional considerations

and the impact on their social interactions.

Potential Impact on Emotional Well-being. Guardians expressed concerns about second-
ary impacts of their child bringing their robot into public places. For instance, one guardian
mentioned that having their child's robot at school or in public might cause their child to feel

“protective of it and maybe overwhelmed” (G4).

Attachment and loss. One guardian shared how their child might struggle with other chil-
dren playing with their robot, mentioning that their child has been possessive but that she
has gotten better with attachment and loss (G5). Another guardian expressed concerned their

child might lose the robot if brought into a public place saying:
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“He definitely likes to take his toys with him which some ways is good, some ways
is bad... because it can get lost... even with the cheap transformers as soon as the

joints broke he gets upset” — G4

6.3.5 Safety and Environmental Considerations

Finally, the primary concern raised overall in our sessions regarding a companion robot to
support play was safety for the robot and the child. Four guardians briefly expressed concerns
about children’s physical safety, citing potential risks such as their child's fingers getting
caught in the robot (GI), the possibility of electric shocks (G6), or the risk of a larger robot
falling and causing harm (G5). On the other hand, some expressed confidence in the safety of
the robots, given what they saw in the exposure phase, due to the robots' programming and

physical appearance.

“Looking at the robots everything checks out for me like because they are safe” —

G2

In contrast, families expressed a much broader range and depth of concerns about the
safety of the robot relating to the possibility of their children breaking or damaging the

robot, than safety for their children (5 guardians, 1 child). For example:

“R: Would you have any concerns with her and the robots, for example if she was
playing with it in the living room and you were in the kitchen

G3: uhm getting too close to the stairs, falling down the stairs

R: do you mean the robot or her?

G3: well, I haven't seen her do it, I think she is more aware... but I would hate for

her to get too close that the robot would break”
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Researchers directly observed this during the study, for example, guardians repeatedly re-
minded their children to be gentle and careful when interacting with the robots (G3, GS).
Another guardian mentioned their child can be destructive and they were worried the robot
being mistreated or damaged (G7). When asked what would be important to consider for de-
signing a robot for their children, guardians emphasized the durability (G4, G7). One guardian
explicitly said they would be nervous about leaving the robot alone with their child due to

the cost:

“R: yeah, would you be comfortable with for example Aibo, the little dog robot,
leaving her alone with it?

G5: I think I would feel more comfortable if she had someone around with her, I
don’t know if I feel good about her being alone with it, because I'm sure it’s not a

cost, not a cheap item”

Additionally, one child also had concerns for the safety of the robot, saying that when the
robot does summersaults with her the robot would need to do it on her mat like she does so

it would not get hurt (C?7).

More broadly speaking, two guardians used language surrounding comfort with Al, saying,
“Uh so you have total control of the robot? No Al haha... for me yeah, the unknown is a little
uh you don’t want too much of the unknown but yeah as long as it’s safe it would be just
fine” (G8) and saying though would be especially worried depending on the technology the
robot would do something weird if it was self-aware (G5). Some guardians expressed that

they were not particularly concerned about the technology itself, stating “I'm not too fixated
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on iRobot” (G1) and “Well, sci-fi movies talk about robots taking over but that's all silly” (G3).

We had no participants raise issues relating to privacy or security in their homes.

Safety is a crucial factor to consider when designing social robots for children with disabili-
ties. It is essential to address both the safety of the child and alleviate concerns or worry that
families, especially guardians, have regarding the safety and mistreatment of a potentially
costly robot in their homes. By prioritizing safety in the design process, we can create social
robots that provide a secure and comfortable interaction environment for both the child and

their family.

6.3.6 Domestic Environmental Concerns

During our sessions, it became evident that several families preferred smaller robots in their
homes, as the primary concern revolved around the potentially intimidating nature of larger
robots that might lead to children being timid (G3) or fearful (C7). Additionally, another

guardian pointed out that a large robot could be intimidating for their child.:

“Something that in my mind is too big would be an intimidating factor... I'm not
sure if she would let the humanoid robot (pepper) get any closer to her than what

we did” — G5

One guardian mentioned they preferred a smaller robot due to the size of their home:

“What we are more worried about is space because we live in an apartment, that

one (pepper) might not fit in it” — G5

In contrast, a guardian mentioned the potential need for a larger robot due to the kinds of

functionality or support they envisioned, stating that if the robot lacked the capability to pick
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itself up after falling, her child would face difficulty in assisting it since he cannot reach a

small robot from his wheelchair (G6).

Families expressed both emotional and practical concerns regarding the size of the robot.
While there was a general preference for a smaller robot, it is important to consider the spe-
cific environment restrictions of each family and their individual usability needs when

determining the appropriate size of the robot.

6.4 Discussion

We gained valuable insights and knowledge at every stage, from study design to data analysis.
In the following section, we reflect on what we learned, summarize our findings, and provide

our interpretations.

As an exploratory study, we aimed was to establish a foundation for future research on social
robots that support and encourage children to play. During our sessions, we successfully en-
gaged with families, fostering meaningful discussions and gathering their perspectives on the
considerations involved in designing a social robot for children like theirs. Many families
expressed excitement about the potential of social robots to assist and play with their children.
Their excitement was potentially additionally heightened since it was the majority of their
first experience with real robots. Overall, we observed the openness of families within this

community to have social robots to support their children.

Most of our family units comprised one guardian and one child with a disability, but one
family had an additional sibling. Given our choice to allow additional family members, we

were prepared to be flexible in our methods to include the other family members. In this
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particular case, the sibling actively participated throughout the study, assisting with engaging
their sibling who was living with a disability in our activities and with discussions with the
researcher. They also shared their thoughts about having a robot for their sibling and in their

home.

While our focus was on their perspectives about play between their child and a social robot,
guardians also discussed considerations regarding the child's adaptation to the robot and its
integration into their home environment. Interestingly, the children did not generally express
significant concerns or barriers related to their disabilities affecting their ability to play with
the robot unless first brought up by their guardians. Nevertheless, these aspects are crucial
for designing a social robot that can seamlessly integrate into the child's home and cater to

their individual needs.

Guardians frequently emphasized the practical applications of social robots, such as aiding
with homework or therapy. This coincides with existing literature that emphasizes that chil-
dren with disabilities often have more time prioritized for therapies, potentially leading to
fewer opportunities for play [18], [19]. The children in our study, expressed more interest in
using the social robot for play and perceived the robot as a pet or companion. The guardians
supported the children's ideas, with some recognizing the potential for a robot pet to teach
responsibility and offer an experience similar to having a real pet, which may otherwise be
inaccessible. Although our research primarily centered around play, exploring the additional
desires of these families for a social robot enabled us to identify avenues to pique their interest
and enhance acceptance. By considering these diverse perspectives, we can develop social
robots that not only cater to the needs of children with disabilities but also align more closely

with their expectations.
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While our primary focus was on social robots to support play for children with disabilities,
future research should also explore and consider the potential influences and effects of non-
social robots in this context. Non-social robots have the potential to complement social robots,
resulting in a more diverse and inclusive play experience. Combining their distinct capabili-
ties could lead to well-rounded and engaging playtime for children with disabilities. Future
research should investigate social and non-social robots and how they can be integrated and

utilized effectively based on individual needs and preferences.

During our sessions, we observed a progression of ideas among our participants as they in-
teracted more with the robots and engaged in discussions with the researcher. We also
noticed dynamic interactions between the children and their guardians during the discus-
sions. In some cases, the children would describe their ideal robot or how they envisioned
using it, and this would spark additional thoughts and changed opinions from their guardians.
Furthermore, we observed that children would refine their descriptions and creations of their
envisioned robots. As they visualized the robot in their lives, some children realized that their
initial design did not entirely align with their preferences or ideas. This self-correction pro-
cess allowed them to fine-tune their creation, creating a clearer vision of what they desired
in their ideal robot companion. Understanding this progression of ideas and the influence of
discussions is valuable in guiding the development of more meaningful and personalized so-

cial robots for children.

6.5 Recommendations

In this section we will briefly talk about each of these recommendations and considerations

and ways they potentially could be applied.
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Design a play social robot with a familiar form. While this is true for numerous children,
it is particularly relevant for children with disabilities who may require additional time to
adjust to new circumstances. For these children, having a social robot that takes a form the
children are familiar with and comfortable with can allow for a smoother transition and po-
tentially make the robot less intimidating, as suggested by our participants. Further, previous
research has theorized that allowing children to choose their robot characteristics might allow
for increased child-centeredness in the interaction (“build-a-bear” concept) [106]. Given our
data and previous work, we think that possibly having a child with disabilities choose a form

for their social robot that they are comfortable with could help with their acclimation.

Incorporate individual children's hobbies and interests in robot design. By incorpo-
rating individual children's hobbies and interests into robot design, we can enhance their
engagement and facilitate adoption. Families in our study suggested various activities that
children already enjoy, such as sports, arts, and games. Instead of focusing solely on specific
activities, these suggestions emphasize the potential of aligning the robot's capabilities with
their interests to capture their attention and encourage adoption. Complex technical imple-
mentation is not always necessary. For example, a robot coach that runs skill drills, facilitates
learning, and motivates them to play a sport instead of playing it with them could be more
feasible but still effective. For children with disabilities, who often struggle with engagement
and motivation, a social robot that even indirectly participates in their hobbies may increase
acceptance and adoption. This alignment creates a bonding opportunity and encourages par-
ticipation in other activities they might typically be less interested in. Moreover, we can draw

upon existing play interventions as a guide for integrating the robot into children's play, such
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as incorporating the robot into playdates, utilizing modeling techniques, or positioning the

robot as a play facilitator.

Consider the integration of the robot into other parts of their life. Though our research
focuses on social robots for supporting play, families, especially guardians, showed a desire
for social robots to contribute to therapeutic efforts such as physical therapy and speech ther-
apies, and educational efforts. Adding some support for these additional efforts would not
only potentially benefit the child, but given a wide range of functionality, might help with
acceptance and adoption by families, as this was a desired ability raised by multiple guardians.
Integrating new things can be difficult for children with disabilities. However, as stated by
some of our participants, if the social robot has clear benefits, families might be more willing

to put in the effort to integrate it.

Emphasize the robots' robustness and downplay fragility and cost. One of the primary
concerns consistently expressed by families throughout our sessions and even during our
recruitment process was the fear of their child breaking or damaging the robot. While this
may appear trivial, we observed that these concerns had a notable impact on the behavior of
both the guardians and the children. The guardians' worries often resulted in them instructing
their children to be extra cautious, influencing their interactions, limiting their natural en-
gagement with the robot, or even completely stopping them from interacting. To address this,
we can build a more robust robot, but it is also essential we demonstrate and emphasize its
durability. By reassuring families about the robot's resilience, we can alleviate worries and
hopefully encourage a more relaxed and natural play experience. Additionally, considering
the families' perceptions of the high cost of the robot, downplaying the robot cost can further

alleviate these concerns.
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Child’s Emotional Needs. While our primary focus was social robots for play, we must also
be aware of and consider the related potential emotional impacts and implications. For exam-
ple, guardians highlighted concerns regarding their child bringing the robot into public
settings, as it may draw attention to their child and potentially overwhelm them. They also
expressed worries about their child's emotional response if the robot were to be lost or taken
from them. Though we might not be able to address all of these concerns directly, it's crucial
to consider them when designing a social robot and make adjustments to minimize the im-
pacts where we can. Families also discussed the positive potential for the robot to provide
comfort and emotional support to the children. Children with disabilities often undergo chal-
lenging medical procedures, appointments, and therapies, which can cause stress and anxiety.
Previous research has shown the effectiveness of social robots in alleviating children's pain,
stress, and anxiety [107]. Considering the desire by family units and the known benefits, in-
corporating the capability for basic comforting and emotional support would probably be a

valuable feature, even for a robot primarily intended for play.

Considerations for the social aspect of play. Similar to the literature, our data showed
that children with disabilities expressed more preference for solitary play over parallel or
collaborative play [108]. Therefore, when designing a social robot, it is crucial to focus not
only on promoting and facilitating collaborative play but also on providing support for indi-
vidual play. By acknowledging and accommodating the diverse play preferences of children
with disabilities, we can create a social robot that effectively engages and caters to their social

needs during play experiences.

Our research aimed to learn the structural and social challenges to consider when designing

social robots to support play for children with disabilities effectively. Furthermore, we aim to
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explore integration opportunities that would help with the acceptance and adoption of such
technologies. The recommendations we provided serve as design guidelines, offering re-
searchers valuable considerations for designing social robots for children with disabilities,
with a focus on promoting acceptance and adoption. These recommendations reflect our core
research questions and shed light on aspects that need to be considered, such as the concerns
of families and the barriers to adopting a social robot, the desired use cases and the needs of
the children, and the role they imagine for the robot and the social dynamic between the child

and the robot.

6.6 Summary

In this chapter, we presented the results of our study focusing on learning the perspectives of
families with children with disabilities about social robots to support play. To address our re-
search questions, we conducted a thorough analysis of the data collected during our sessions,
leading to the identification of several key themes: robots as companions, robots as motivators
and therapy support, disability-related considerations, child well-being considerations, safety and
environmental considerations, and domestic environmental concerns. We then used this infor-
mation to help us make guidelines and recommendations for other researchers. Future work can
use these recommendations to design and create a prototype to investigate how a social robot can

support children in play.
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Chapter 7

Limitations and Conclusions

In this research, we investigated the perspectives of children with disabilities and their fami-
lies on a social robot to support play. We found that people saw the potential of social robots
in their homes to support their children by being a companion, participating in their interests,
and providing support for various therapies. Developing social robots that fulfill the needs of
the children and their families and can adapt based on the child’s abilities will be crucial for
the success of their adoption. In the previous section we described our preliminary results
with considerations for designing a social robot to support children with disabilities. This
work provides background to move forward building and deploying actual robots to support

children for play.

In the final section of this dissertation, we will discuss the limitations of our work and briefly
discuss the future research needed to understand more concretely the issues they might face

for adoption in their homes and other considerations that need to be made.
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7.1 Summary and Contributions

The work presented in this dissertation provides a range of contributions reflecting on our
primary research questions. In this work, we wanted to understand the perspectives of family
units with children with disabilities regarding concerns they would have with a social robot
for play in their home, barriers there would be for adoption, the potential use cases, and the
role and social dynamic between the robot and their child. Through our study to understand
these research questions, we made the following contributions:

e high-level guidelines to consider when designing robots for children with disabilities

o presenting stakeholder data on pre-adoption, perceptions, desires and more

e presenting a feasible study design for elicitation with children with disabilities

e supporting the local community by providing enriching experiences and opportunities

to engage in

The first contribution is the noteworthy themes we extracted from our data and the initial
high-level guidelines and recommendations we developed for future researchers. These
guidelines serve as a starting point for future researchers to study social robots for children,

providing them with practical insights and directions for further investigation.

While our research represents an early stage in understanding the challenges related to the
design and adoption of social robots for facilitating play, our contributions lay a foundation
for future work in this area. We acknowledge the need for further research to gain a more
direct and practical understanding of the utilization of social robots in play interventions for

children with disabilities. Nonetheless, our study contributes to research emphasizing the
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importance of actively involving stakeholders and utilizing co-design techniques in research

processes.

Our approach of involving family units of children with disabilities through co-design activ-
ities is also a notable contribution. Though there are challenges when working with a
vulnerable population, this method gave us a grounded understanding of the specific require-
ments and design specifications for social robots to support play for children with disabilities.
The involvement of family units added a real-world perspective to our research and allowed

us to gather nuanced insights that may have been overlooked or not considered otherwise.

Lastly, we engaged with the people in the SSCY community, allowing the children and their
families to interact with real robots and share their valuable perspectives, contributing to
designing technology for others like them. This connection we built with the community as
well as the clinicians helps pave a path for future work with this community for future re-

search.

7.2 Limitations and Future Work

Drawing from our sessions with stakeholders allowed us to form preliminary recommenda-
tions for designing social robots to support children with disabilities and highlighting a range

of potential future directions for research in this field.

For future research, it will be important to expand our initial feasibility study to have more
participants. While our small sample size is sufficient for our exploratory focus, expanding
our sample with more children will increase generalizability and allow us to create more ro-

bust and nuanced design recommendations. Further, while we focused on the general
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category of children with disabilities, future work will need to consider the specific needs and
challenges faced by people with different circumstances. For example, children with cognitive
delays might have different considerations than children with physical disabilities. Another
way to do this would be to recruit more based on specific age groups and disability types,
verifying children's disabilities, so our findings can be more specific for children with differ-
ent needs. In our study, we deliberately took this approach to help gain the trust of the center
and community by prioritizing privacy and inclusivity. However, this knowledge can allow

for subtle design changes to ensure that social robots meet the diverse needs of children.

Our work should be supported by doing a focus group with physiotherapists, occupational
therapists, and engineers that work regularly to make adaptive technologies to add to our
initial recommendations. Doing a focus group with professionals would help us gather more
information for our research questions from their perspectives. Even though past research
often uses focus groups or consultations with professionals for their prototypes, the actual
data from the professionals is often not published in detail. Information that would be partic-
ularly important to learn from them would be about the barriers they imagine for children
with disabilities using robots and potential functional or technological solutions for address-
ing these issues. Having a study that more directly talks about their perspectives and develops

recommendations from their data could be helpful for future research.

Future research could work on designing social robots to support children with disabilities in
play using our recommendations and other literature. Following the design, researchers could
implement the robots and investigate the adoption process and any issues that might arise.

Deploying social robots in real-life home environments in this way would provide valuable
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insights into the factors crucial for successful adoption and highlight additional considera-

tions that may have been overlooked.

Despite our limitations, we successfully engaged children and their guardians during our ses-
sions. The families we worked with even showed enthusiasm regarding the potential for using
social robots for children with disabilities. However, further research is still necessary to fully
implement social robots to support children with disabilities in play. This initial research pro-
vides insights for future designs, emphasizing the importance of the adaptability of social
robot designs to meet the individual needs of each child. Overall, our research emphasizes the
importance of continued inquiry and exploration in this area and reveals the potential of ro-

bots in supporting children's play.

7.3 Conclusion

In conclusion, this dissertation contributes to the field of human-robot interaction by explor-
ing the unique needs of children with disabilities and engaging with families in the
community. Through our research, we have gained valuable insights that can inform the de-
sign and development of social robot prototypes tailored to meet their expectations and
enhance their play experiences. Our work adds to the existing body of knowledge and pro-

vides a foundation for future explorations and research in this area.

Play is a vital aspect of childhood development, and our research highlights the potential of
social robots in promoting and enhancing play experiences for children with disabilities. Un-
derstanding the concerns and preferences of families is crucial for addressing adoption issues
and ensuring that these technologies can get into homes and benefit children. We envision a

future where social robots become accessible tools that promote play and contribute to the
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well-being and development of all children. We hope our work helps show the importance of

further inquiry for social robots supporting children with disabilities.

34



85



Appendices

Appendix A: Guardian Consent Form

Project Title: Re-thinking Social Robots for Children with Disabilities: Learning from Fam-
ily Units

Primary Researchers: Raquel Thiessen (Masters Student), Dr. James E. Young (Professor),
Dr. Jacquie Ripat (Associate Professor)

Research Emails: thiess83@myumanitoba.ca, young@cs.umanitoba.ca, Jacquie.Ri-
pat@umanitoba.ca

Researchers in Attendance: Raquel Thiessen (Masters Student), James Berzuk (Research
Assistant), Nathan Lo (Research Assistant)

You are being asked to participate in a research study. Please take your time to review this
consent form and discuss any questions you may have with the study staff. You may take
your time to make your decision about participating in this study and you may discuss it with
others before you make your decision. This consent form may contain words that you do not
understand. Please ask the study staff to explain any words or information that you do not
clearly understand.

Study Purpose:

You are invited to participate in a research study on the topic of collaboratively working with
children with disabilities and their families on designing social robots. This study will take
place at SSCY where you and your child will meet some real robots and then work collabora-
tively to design a robot they could play with. The goal of this study is to learn what children
with disabilities would need and look for in a social robot for play. Your participation in this
research study involves working with your child on drawing or building a robot model and
creating some stories about how they would use their robot. If you have any questions or
concerns, please feel free to contact the researcher at the above email address.

Study Procedure:

Your participation in this study will take approximately 60-75 minutes. Before participating
in the session, you have to sign this consent form. An overview has already been verbally
explained to you and is further outlined in this document. We will start with a brief demo
with real robots and then we will go through a creation process to have your child design a
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robot to help encourage a child like them to play. Throughout the session, the research will
ask you and your child questions to learn about your thoughts on robots for play and clarifi-
cation your design decisions. We will audio record the session starting with the demo until
the end of the creation period and the following questions. Participation in this study is
voluntary: you may choose to withdraw from this study at any point, and you will
still receive your honorarium.

Risks and Discomforts

There is also a potential physical risk because of the robots that will be involved but we will
have a perimeter around the robot to help avoid physical contact with the robots. There is a
small attachment risk in the demo portion with our robot. Attachment risk just means that
people can become attached or bonded to the robots and may be upset or sad that they cannot
keep them. Other than this, the risks to this study are no greater than in everyday life.

Benefits

Direct benefits are to experience cutting edge commercially available that many people do
not commonly get to see or interact with. The indirect benefits will be having an opportunity
to contribute to research that will influence the creation of technology designed to help other
children with similar disabilities or special needs.

Honorarium:

In appreciation for your time and participation in this study, you will be compensated $20
cash for your session which will be given to you at the start of the session. If you withdraw
during the session, you will still receive the honorarium.

Confidentiality

Information gathered in this research study may be published or presented in public forums,
however your name and other identifying information will not be used or revealed. Despite
efforts to keep your personal information confidential, absolute confidentiality cannot be
guaranteed as our study will be with your family unit. We will ask everyone in your family
unit to respect each other’s privacy but cannot guarantee they will keep everything from the
session confidential. Your personal information may be disclosed if required by law.

All information you provide is considered completely confidential; your name will not be
included, or in any other way associated, with the data collected in the study. Audio record-
ings and photos of the materials/creations generated during the session are essential to the
research analysis. Data collected during this study will be used for data analysis purposes
only. Audio recordings will be transcribed either by our research team or a professional tran-
scription service. If we use a professional service, the file will be renamed and not associated
with you. We may use anonymized quotes from your session for purposes of public presen-
tation; however, we will not present the audio. Each participant will be assigned a participant
ID that will be used to present anonymized quotes (e.g., P4 for participant 4). That is, your
voice and name will not be used in papers, presentations, put on the internet, etc. Please initial
your response below.
- I CONSENT to be voice recorded and am aware my audio will be captured.

All the digital data will be stored in the University of Manitoba Microsoft server, OneDrive.
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To which only researchers associated with this study have access until October 2025. After
October 2025, the data will be destroyed. Once published (in journals, conferences, University
of Manitoba MSPACE repository or thesis of students), results of the study will be made avail-
able to the public for free at hci.cs.umanitoba.ca by June 2024. Again, no personal information
about your involvement will be included. Please note that the University of Manitoba may
look at the research records to see that the research is being done in a safe and proper way.

Voluntary Participation/Withdrawal from the Study

Your decision to take part in this study is voluntary. You may refuse to participate, or you
may withdraw from the study at any time, and you will still receive the honorarium.
Your decision not to participate or to withdraw from the study will not affect your care at
this centre. You can withdraw during the study by letting any of the research staff know or
email the researchers following the study within 2 weeks of your session. If you withdraw in
the middle of the session, we will immediately stop the session for you and your accompany-
ing family unit. When you withdraw, we will remove all data from our study pertaining to
you or anyone in your family unit. If the study staff feel that it is in your best interest to
withdraw you from the study, they will withdraw you without your consent.

Study Results
You have the option to be contacted with the results or any publications that result from the
study you participated in. If you would like to be contacted with the results list your email
below and initial your consent. The results are anticipated to be ready by June 2024.
- I'would like to receive the results from the study and CONSENT for me to be
emailed at with them. Initial:

Safety

If any information you give reveals a current danger to yourself or another person, or of a
child that is possibly in danger of abuse or neglect, the researcher will be required to share
this information with other individuals. This may include child protection authorities, police,
professional regulatory bodies or offices responsible for the investigation of vulnerable adults.
Information would only be reported to police in cases of a risk of harm to either yourself or
another identifiable person. In the case of information involving a child being harmed or at
risk of being harmed, the researcher will report the information upon which the concern is
based and any identifiable information they have to the local child welfare authority.

Questions

You are free to ask any questions that you may have about the study and your rights as a
research participant. If you have any concerns or complaints, you may contact Dr. James E.
Young at young@cs.umanitoba.ca, or the Human Ethics Secretarial at 204-474-7122 or hu-
manethics@umanitoba.ca. This research has been approved by the Research Ethics Board at
the University of Manitoba, Fort Garry campus. A copy of this consent form has been given
to you to keep for your records and reference.

Do not sign this consent form unless you have had a chance to ask questions and have re-
ceived satisfactory answers to all your questions.

Statement of Consent
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I have read this consent form. I have had the opportunity to discuss this research study with
Raquel Thiessen and or her study staff. I have had my questions answered by them in lan-
guage I understand. The risks and benefits have been explained to me. I believe that I have
not been unduly influenced by any study team member to participate in the research study
by any statements or implied statements. Any relationship (such as employer, supervisor, or
family member) I may have with the study team has not affected my decision to participate.
I understand that I will be given a copy of this consent form after signing it. I understand that
my participation in this study is voluntary and that I may choose to withdraw at any time. I
freely agree to participate in this research study.

I understand that information regarding my personal identity will be kept confidential. I au-
thorize the inspection of any of my records that relate to this study by The University of
Manitoba Research Ethics Board for quality assurance purposes.

By signing this consent form, I have not waived any of the legal rights that I have as a partic-
ipant in a research study.

Participants signature Date
(day/month/year)
Participants printed name:
Researcher’s signature Date
(day/month/year)

Appendix B: Child Consent Form

Project Title: Re-thinking Social Robots for Children with Disabilities: Learning from Fam-
ily Units

Primary Researchers: Raquel Thiessen (Masters Student), Dr. James E. Young (Professor),
Dr. Jacquie Ripat (Associate Professor)

Research Emails: thiess83@myumanitoba.ca, young@cs.umanitoba.ca, Jacquie.Ri-
pat@umanitoba.ca

Researchers in Attendance: Raquel Thiessen (Masters Student), James Berzuk (Research
Assistant), Nathan Lo (Research Assistant)

Your child is being asked to participate in a research study. Please take your time to review
this consent form and discuss any questions you may have with the study staff. You may take
your time to make your decision about participating in this study and you may discuss it with
others before you make your decision. This consent form may contain words that you do not
understand. Please ask the study staff to explain any words or information that you do not
clearly understand.

Study Purpose:

Your child is invited to participate in a research study on the topic of collaboratively working
with children with disabilities or special needs and their families on designing social robots.
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This study will take place at SSCY where your child will meet some real robots and then work
collaboratively with you on designing a robot they would want to play with. The goal of this
study is to learn what children with disabilities would need and look for in a social robot for
play. Your child’s participation in this research study involves drawing or building a robot
model and creating some stories about how they would use their robot. If you have any ques-
tions or concerns, please feel free to contact the researchers at the above email addresses.

Study Procedure:

Your child’s participation in this study will take approximately 60-75 minutes. Before partic-
ipating in the session, you have to sign this consent form on behalf of your child. After
starting the session, the researcher will give your child an overview of what they will be doing
and ask for their assent. We will start with a brief demo with real robots and then we will go
through a creation process to have your child design a robot to help encourage a child like
them to play. Throughout the session, the research will ask you and your child questions to
learn about your thoughts on robots for play and clarification your design decisions. We will
audio record the session starting with the demo until the end of the creation period and the
following questions. Participation in this study is voluntary: you may choose to with-
draw from this study at any point, and you will still receive your honorarium.

Risks and Discomforts

There is also a potential physical risk because of the robots that will be involved but we will
have a perimeter around the robot to help avoid physical contact with the robots. There is a
small attachment risk in the demo portion with our robot. Attachment risk just means that
people can become attached or bonded to the robots and may be upset or sad that they cannot
keep them. Other than this, the risks to this study are no greater than in everyday life.

Benefits

Direct benefits are to experience cutting edge commercially available that many people do
not commonly get to see or interact with. The indirect benefits will be having an opportunity
to contribute to research that will influence the creation of technology designed to help other
children with similar disabilities or special needs.

Honorarium

In appreciation for your child’s time and participation in this study, your child will be com-
pensated with their choice of toy or $10 CAD for the session. We will let them choose their
compensation once the session is over. If they withdraw during the session, they will still
receive the honorarium.

Confidentiality

Information gathered in this research study may be published or presented in public forums,
however their name will not be used or revealed. Despite efforts to keep your personal in-
formation confidential, absolute confidentiality cannot be guaranteed as our study will be
with your family unit. We will ask everyone in your family unit to respect each other’s pri-
vacy but cannot guarantee they will keep everything from the session confidential. Your
personal information may be disclosed if required by law.
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All information you provide is considered completely confidential; your name will not be
included, or in any other way associated, with the data collected in the study. Audio record-
ings and photos of the materials/creations generated during the session are essential to the
research analysis. Data collected during this study will be used for data analysis purposes
only. Audio recordings will be transcribed either by our research team or a professional tran-
scription service. If we use a professional service, the file will be renamed and not associated
with you. We may use anonymized quotes from your session for purposes of public presen-
tation; however, we will not present the audio. Each child participant will be assigned a
participant ID that will be used to present anonymized quotes (e.g., C4 for child participant
4) and we may include the child’s age or other disclosed descriptors to provide context to
their quotes (e.g., C4 aged 6 with cerebral palsy). That is, your voice and name will not be
used in papers, presentations, put on the internet, etc. Please initial your response below.
- I CONSENT for my child to be voice recorded and am aware their audio will be cap-
tured. Initial:

All the digital data will be stored in the University of Manitoba Microsoft server, OneDrive.
To which only researchers associated with this study have access until October 2025. After
October 2025, the data will be destroyed. Once published (in journals, conferences, University
of Manitoba MSPACE or thesis of students), results of the study will be made available to the
public for free at hci.cs.umanitoba.ca by June 2024. Again, no personal information about your
involvement will be included. Please note that the University of Manitoba may look at the
research records to see that the research is being done in a safe and proper way.

Voluntary Participation/Withdrawal from the Study

Your decision to take part in this study is voluntary. You may refuse to participate, or you
may withdraw from the study at any time, and your child will still receive the hon-
orarium. Your decision not to participate or to withdraw from the study will not affect your
care at this centre. You can withdraw during the study by letting the research staff know or
email the researchers following the study within 2 weeks of your session. If your child with-
draws in the middle of the session, we will immediately stop the session for them and their
accompanying family unit. When they withdraw, we will remove all data from our study
pertaining to anyone in their family unit. If the study staff feel that it is in their best interest
to withdraw them from the study, they will withdraw the family without your consent.

Study Results

You have the option to be contacted with the results or any publications that result from the
study you participated in. If you would like to be contacted with the results, please fill your
email, and initial in the study results section on the guardian consent form. The results are
anticipated to be ready by June 2024.

Safety

If any information you give reveals a current danger to yourself or another person, or of a
child that is possibly in danger of abuse or neglect, the researcher will be required to share
this information with other individuals. This may include child protection authorities, police,
professional regulatory bodies or offices responsible for the investigation of vulnerable adults.
Information would only be reported to police in cases of a risk of harm to either yourself or
another identifiable person. In the case of information involving a child being harmed or at
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risk of being harmed, the researcher will report the information upon which the concern is
based and any identifiable information they have to the local child welfare authority.

Questions

You are free to ask any questions that you may have about the study and your rights as a
research participant. If you have any concerns or complaints, you may contact Dr. James E.
Young at young@cs.umanitoba.ca, or the Human Ethics Secretarial at 204-474-7122 or hu-
manethics@umanitoba.ca. This research has been approved by the Research Ethics Board at
the University of Manitoba, Fort Garry campus. A copy of this consent form has been given
to you to keep for your records and reference.

Do not sign this consent form unless you have had a chance to ask questions and have re-
ceived satisfactory answers to all your questions.

Statement of Consent

I have read this consent form. I have had the opportunity to discuss this research study with
Raquel Thiessen and or her study staff. The risks and benefits have been explained to me. I
believe that I have not been unduly influenced by any study team member to participate in
the research study by any statements or implied statements. Any relationship (such as em-
ployer, supervisor, or family member) I may have with the study team has not affected my
decision to participate. I understand that I will be given a copy of this consent form after
signing it. I understand that my participation in this study is voluntary and that I may choose
to withdraw at any time. I freely agree to participate in this research study.

I understand that information regarding my personal identity will be kept confidential. I au-
thorize the inspection of any of my records that relate to this study by The University of

Manitoba Research Ethics Board for quality assurance purposes.

By signing this consent form, I have not waived any of the legal rights that I have as a par-
ticipant in a research study.

Guardian’s signature Date

(day/month/year)
Guardian’s printed name:

Child’s signature Date

(day/month/year)
Child’s printed name:

Researcher’s signature Date

(day/month/year)
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Appendix C: Demographic Questionnaire

Project Title: Re-thinking Social Robots for Children with Disabilities: Learning from Family Units
Researchers: Raquel Thiessen, Dr. James E. Young, Dr. Jacquie Ripat (thiess83@myumanitoba.ca,
young(@cs.umanitoba.ca, Jacquie.Ripat@umanitoba.ca)

Participant ID:
1. What is your child’s gender?

Male Female Non-Binary Other
[] [] [] []

2. What age is your child?

3. How many other children live in the same household as this child?

|:|12|:|3 |:|4+ |:|

4. Is there anything you would like to disclose about your child’s disability?

Appendix D: Recruitment Email Template

Subject: Invitation to participate in a Support Robot Design Research Study with Your
Child

Hello! We are running a study where we talk with families that include children with physical
disabilities, to better learn about how to design support robots for people’s daily lives. We
invite you and your child to participate in a simple workshop at SSCY (Specialized Services
for Children and Youth) where we will introduce you both to several robots, and we will ask
you to collaboratively design a robot they would want to play with (e.g., through drawing a
robot, building one from pieces, and creating a story). The goal of this study is to learn what
children with disabilities would need and look for in a robot for play, as well as to understand
family concerns and desires. The study is highly flexible, and children of all ability levels are
welcome. Other family members (e.g., siblings) are also welcomed to join.
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Participation in this study will take approximately 60-75 minutes. Throughout the session,
the researcher will discuss with you and your child about your thoughts on robots for play
and clarification of your design decisions. In appreciation for your time and participation in
this study, your child(ren) will each be compensated with their choice of toy for the session
or $10 CAD, and you will be compensated with $20 CAD. Participants will contribute to re-
search about designing robots to support children with physical disabilities to play, which
could lead to the development of new technologies built for these children.

To participate in the study, a guardian must be present with their child during the entire
session. Further, at least one participating child must live with a physical disability. We are
recruiting children aged 4-14; siblings of other age ranges are welcome to join but we will not
collect data from their participation. To be eligible you must consent to being audio recorded
for the session. If you are interested or need more information, please contact Raquel.

Principal Investigator: Dr. James E. Young

Co-Principal Investigators: Raquel Thiessen (thiess83@mymanitoba.ca), Dr. Jacquie
Ripat

Research Assistants: James Berzuk, Nathan Lo

Appendix E: Recruitment Poster

Are you interested in meeting some robots and contributing to
the design of future support robots?
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We are looking for people to participate in a 60 —75-minute session to learn what children
with physical disabilities would need and look for in a social robot for play. This study will
take place at SSCY (Specialized Services for Children and Youth) where you and your child
will get the opportunity to meet some real robots and then work collaboratively on designing
a robot they would want to play with. The study is highly flexible, and children of all ability
levels are welcome. Other family members (e.g., siblings) are also welcomed to join.
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You and your child’s participation in this research study involves drawing or building a robot
design and creating some stories about how they would use their robot. In appreciation of
your time, you will receive $20 (Canadian dollars) in compensation and your child(ren) will
be given the opportunity to choose a toy or $10 (Canadian dollars) of their choice after the
study. Participants will contribute to research about designing robots to support children with
physical disabilities to play, which could lead to the development of new technologies built
for these children.

We will follow all necessary university-mandated protocols and SSCY’s protocols for COVID-
19. To qualify for the study, you will need to participate with your child, you must consent to
be audio recorded for the session and your child must be between 4-14 years old. If you are
interested to be a part of the study, please contact the researcher at the below email.

Principal Investigator: Dr. James E. Young
Co-Principal Investigators: Raquel Thiessen (thiess83@mymanitoba.ca), Dr. Jacquie Ri-

pat
Research Assistants: James Berzuk, Nathan Lo

Appendix F: Sample Study Script

Sample Study Script & Procedures

Appendix F - Sample Study Script & Procedures

Project Title: Re-thinking Social Robots for Children with Disabilities: Learning from Fam-
ily Units

Researchers: Raquel Thiessen, Dr. James E. Young, Dr. Jacquie Ripat (thiess83@myumani-
toba.ca, young@cs.umanitoba.ca, Jacquie.Ripat@umanitoba.ca)

In this document, all text in blue refers to text spoken by the researcher. Black text is expla-
nation and exposition.

Consent section

Consent procedure — 10 minutes

Part I: pre-study introduction - [1-2 minutes]

‘ SCRIPT
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Hello! I am Raquel, I am a master’s student at the University of Manitoba. I will be running
the study today. In this research study we will be working with families such as yourself to
help understand how we can design and build robots for children with *physical disabilities
and special needs”, to encourage them to play. We want to use these robots to help encour-
age children to play to help with their development and for them to have fun! These robots
could be something they use at home, at school or at a clinic such as SSCY (Specialized Ser-
vices for Children and Youth).

We have some robots with us here [reveal robots (they will start hidden)]. For your safety we
will ask you to stay behind this box [point to taped area around the robots] and not touch the
robots unless we say it is okay. Some robots look like people, such as this one [point to Nao]
or animal-like such as that one [point to Aibo], and they act like people or animals to make
them easier to work with. Research has shown these robots can support kids, for example,
to play with other children, or to help them engage with therapy and activities. We’re in-
vestigating new robots to try and increase child motivation and engagement and
development towards their communication, mobility, and social skills. They also get to have
fun with robots!

In this study we will start by showing you some of our robots, and I will then ask you some
questions about what you thought about them. We then will ask your child(ren) to draw or
build a robot that they may like to play with — you can help them or join if that’s best — or
they can design with the focus of creating a robot to help encourage other children with
physical disabilities to play. Then, we will come up with scenarios or stories on how you
imagine the robot could be used. Our session today will be audio recorded for analysis later.

We ask that you keep your interactions during our session private and respect the privacy
of the other family members in the group. There is a small attachment risk during this study
to the robots in the demo. Attachment risk just means that people can become attached or
bonded to the robots and may be upset or sad that they cannot keep them.
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Figure 3. Nao (first), Aibo (second), Pepper (third), SnuggleBot (fourth)
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Part ii: consent form - [5-6 minutes]

Here are the consent forms for yourself [hand them the consent form], and this is the consent
forms for your child(ren) [hand them the consent form]. Please take some time reading the
consent forms carefully before signing. The child’s form is almost the same as the adults. I
have highlighted the changes so you can quickly see what is different. We have two copies
of each, one for our records and one for you. Once you have carefully read the form, please
sign, and date both your child’s and your consent form, both copies. Feel free to ask me any
questions at any time. While you read this, I will ask your child for their assent as well.

After you sign the consent form, I will give your honorarium. I will also give the child a toy
of their choice or $10, but we would like to give that as you leave to avoid any possible dis-
tractions. In all cases, you get to keep your honorarium and the child(ren) still get theirs,
even if you stop participating at any time.

Part iii: assent - [2-3 minutes]

As I mentioned earlier, we will start by showing you some of our robots and asking you
some questions about them. You will then draw or build a robot that you would like to play
with — they [indicate guardian] may help you if you like. You can also think about a robot to
help other children with physical disabilities to play. We will then ask you to come up with
scenarios or stories on how you will play with the robot.

I will record you speaking and take photos of your creations. You will not be in any of the
photos. At any time, you can ask questions if you do not understand something. If you have
questions later, you can ask me at any time. If you are not comfortable or do not want to do
something, that’s okay - you don’t have to.

You are free to stop at any time, or not answer any questions, or do anything you don’t
want to do. Ask me any time if you are confused about anything or have any questions.
Would you like to try this out? Do you have any questions?

Note: for nonverbal children, rely on guardian assessment of assent

Study procedure

Phase a) exposure to robots — 10 minutes
Part I: exposure introduction - [1 minute]

In this study we are working with families such as yourselves to better understand how we
can design and build robots for children with physical disabilities or special needs,



specifically to support them to play. During this phase, I will demonstrate these robots and
then ask you a few questions about your thoughts on how robots may fit into your home
and family. For your safety we will ask you to stay behind this box [point to taped area
around the robots] and not touch the robots unless we say it is okay.

Part ii: exposure demonstration - [5-7 minutes]

Now I will show you some of our robots and a little bit of what they can do.
The first robot we have here is the Nao robot.
Nao: Hello!
Researcher: Hi!
Nao: I see we have some new friends today! What are your names?
Family Unit: [says names]
Nao: Nice to meet you, my name is Nao! [wave]
Researcher: Nao can stand up, walk around and do tai chi! Let’s show them.
Nao: Sure! Let me stand up first [Nao stands up]. 'm ready!
Researcher: [grabs Noa’s hand]
Nao: [Nao takes a few steps] Yay I did it! Now ill do Tai Chi! [Nao does Tai Chi]
Researcher: Thank you Nao!
Nao: You're welcome. [sits down]
Researcher: Bye Nao!

Our second robot here is Aibo [Aibo just being on walking around). Aibo is a dog robot who
you can teach tricks and pet and it will just wander around and bark sort of like a real dog!
Though as you can see, Aibo just wanders without much sense of direction and cannot be
walked like a real dog.

Our third robot here is Pepper. Pepper acts very similar Nao but just is a lot bigger!
Researcher: Hello Pepper!
Pepper: Hello!
Researcher: Could you introduce yourself to our guests?
Pepper: Hi! I am Pepper! I am the older sibling to Nao. We can do a lot of similar
things, though I have wheels instead of legs!
Researcher: Thank you Pepper!

Lastly, we have robots like SnuggleBot, that’s made to cuddle with. Would you like to hold
it? [if yes, carefully give the child SnuggleBot to hold or guardian if the child does not want
to]. SnuggleBot was built by another student to help keep people company and give them a
cute and cuddly companion. [take back SnuggleBot, if time allows, they can hold it for
longer]
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Phase B) Elicitation — 40-50 minutes
Part I: reflection [ 10 minutes]

‘ SCRIPT

I'd like to now take some time to talk about the robots you just saw and what you liked or
did not like about the robots and how you would imagine you or a child would want to play
with them or have one in their home or school. So, let’s begin!

INTERVIEW

During this activity we will take time to go through and ask them a few questions. We will
conduct a semi-structured interview with the family unit to help them reflect on the robots
they saw in the demonstration. Some questions will be more aimed toward guardians, some
toward children or both.

Example Guiding Questions:
- What is your favourite robot?
- What did you like about [favourite robot]?
- What do you wish [favourite robot] could do?
- How do you think a child could play with these robots?
- Could you Imagine having one of these robots in your household?

- Are there any general concerns you would have with your child playing with these
robots?

Part ii: creation [10-20 minutes]

‘ SCRIPT

Next, we will create our own robot design! We have two options, you can do any that you
like. You can draw your own robot, maybe draw some pictures of how you or another child
may play with the robot. Or, I have this nice block kit where you can build your robot and
show me how you imagine you or another child would play with it. Which would you like
to do?

INTERVIEW

During the activity we will conduct a semi-structure, free-flowing interview, where we ask
questions and prod on decisions and designs made. Depending on how the child & guardian
perform the activities we will focus our questions on either the child or parent, or poten-
tially both. The interviews will be therefore interspersed, some questions targeted at the
guardian and some toward the child.

Example Parent Focal Points: Robot Design Opinions
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Would you feel comfortable having a robot like the one your child described at
home/school?

o What characteristics/abilities/precautions would you say the robot would need

for you to feel comfortable having this robot in your home/ at school?

Are there any concerns you would have with a robot such as this playing with your
child(ren)?
Are there any important abilities you feel the robot should have?
How do you imagine your child would use this type of robot?
What important aspects would you say the robot would need for you to feel comfort-
able having this robot in your home?

Example Child Focal Points: Robot Design Decisions

Would you want a human looking robot, animal like or more machine like?
Why does it have legs? Why does it have wheels?

Would your robot be big like pepper or small like Nao?

What would you want your robot to be made of?

Where do you imagine children could use this robot?

Why did you design it with X attribute?

What do you think it should be able to do?

Activity Option 1: DRAWING - 20 minutes

SCRIPT

Could you please draw a robot that you would like to play with or would like to make for

other children to play with? You can make as many robots as you like, or just one, it’s up to

you. We have lots of different markers, crayons, and pencils. While you draw, I will ask you

some questions about your robot.

[to the guardian] If you would like you can work with your child(ren) collaboratively, super-

vise or even make your own design that you your children would want to play with and

could benefit from.

I'll give you some time to do this and then I will ask you to tell me about your design. Feel

free to ask me any questions or let me know if you get stuck and want some help.

MATERIALS

Big Paper, Markers, Crayons, Pencil Crayons

Example:
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Activity Option 2: BUILDING - 20 minutes

Could you please build a robot that you would like to play with or would like to make for
other children to play with? You can make as many robots as you like, or just one, it’s up to

you. We have lots of different pieces in our robot building set here that you can choose
from to build your robot. During or following your creation, I will ask you some questions
about your robot.

[to the guardian] If you would like you can work with your child(ren) collaboratively, super-
vise or even make your own design that you your children would want to play with and
could benefit from.

I'll give you some time to do this and then I will ask you to tell me about your design. Feel
free to ask me any questions or let me know if you get stuck and want some help.

3D printed pieces (Velcro tape to connect them), clay, googly eyes, other craft materials

Example:

=

Flgure 4. Cat Mode

— N

i ( let), 3D Printed Model ( rig\ht)

PART III: SCENARIOS / STORYTELLING [10-15 MINUTES]

Note: Depending how the flow of the session goes this portion of the script may not be spo-
ken. If the child(ren) and guardian naturally transition into talking about scenarios and uses



for their robot designs, we would go with it more organically. If not, then we will try to
make a break in their activity and shift towards this.

In this activity, you will work together to tell a story of your robot that you designed for
yourself or another child with physical disabilities to play with. The scenarios/stories can
include activities they would do with it, where they would bring it, collaborative uses for it,
etc. You have the option of drawing the story, acting it out with your model, just talking to
me or a combination. I'll be here the whole time so if you want to just tell me them, we can
do that now and I can ask you some questions about it or you can work on it and present
your story at the end. Feel free to ask me any questions or let me know if you get stuck and
want some help.

MATERIALS

Big paper with story boards, maybe some blank paper as well, other props they could use to
make their story
Example:

Figure 5. Storyboard Example

INTERVIEW

During the activity we will conduct a semi-structure, free-flowing interview, where we ask
questions and prod on decisions and designs made. Depending on how the child & guardian
perform the activities we will focus our questions on either the child or parent, or poten-
tially both. The interviews will be therefore interspersed, some questions targeted at the
guardian and some toward the child.

Parent Focal Points: Interactions with the Robot
- What role do you feel the robot could play in an interaction with your child? ex. Mo-
tivator, Companion, Toy
- Is there anything that might make it hard for your child to play with the robot?
- Are there any concerns you would have with your child interacting with such a robot?
- Are there any concerns you would have with incorporating activities with the robot
in your child’s home routine?
Child Focal Points: Activities with the Robot
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- Where is your story taking place?

- Would only you play with the robot or others too?

- How are you playing with the robot?

- What activities can you do with the robot?

- Is there anything that might make it hard for you to play with the robot?
- Is there anything that might make it hard for the robot to play with you?
- Would you say your robot acts like X? (Pet, friend, sibling, teacher)

CONCLUSION - 2 minutes

That is all our time for today, thank you for participating in our study! Since you did such a
good job participating in our study, would you like $10 or pick a toy to take home! [give
kids the options]. If you want, you can take the drawing/prototype and storyboard you made
home with you.

Do you have any other questions before we leave today?

10:



References

K. Inoue, K. Wada, and T. Shibata, “Exploring the applicability of the robotic seal
PARO to support caring for older persons with dementia within the home context,”
Palliat. Care Soc. Pract., vol. 15, p. 26323524211030284, 2021.

S. Rasouli, G. Gupta, E. Nilsen, and K. Dautenhahn, “Potential Applications of Social
Robots in Robot-Assisted Interventions for Social Anxiety,” Int. J. Soc. Robot., vol. 14,
pp- 1-32, 2022, doi: 10.1007/512369-021-00851-0.

H. Mahdi, S. Saleh, O. Shariff, and K. Dautenhahn, Creating MyJay: A New Design for
Robot-Assisted Play for Children with Physical Special Needs, vol. 12483 LNAI Springer
International Publishing, 2020.

E. Ferrari, B. Robins, and K. Dautenhahn, “Therapeutic and educational objectives in
robot assisted play for children with autism,” Proc. - IEEE Int. Work. Robot Hum.
Interact. Commun., pp. 108—114, 2009, doi: 10.1109/ROMAN.2009.5326251.

O. Metatla, S. Bardot, C. Cullen, M. Serrano, and C. Jouffrais, “Robots for Inclusive
Play: Co-designing an Educational Game with Visually Impaired and sighted
Children,” Conf. Hum. Factors Comput. Syst. - Proc., vol. 3, pp. 1-13, 2020, doi:
10.1145/3313831.3376270.

F. Zhang et al., “Understanding Design Preferences for Robots for Pain Management:
A Co-Design Study,” no. March, 2022.

S. Robotics, “Nao the humanoid and programmable robot: Softbank Robotics.” .
ROBOTS, “Aibo.”

D. Passler Bates and J. E. Young, “SnuggleBot,” in Proceedings of the 8th International
Conference on Human-Agent Interaction, 2020, pp. 260—262, doi:
10.1145/3406499.3418772.

10:



[10]
[11]

[12]

[21]

[22]

S. Robotics, “Pepper the humanoid and programmable robot: Softbank Robotics.” .
M. Podpora and A. Rézanska, “Making Eye Contact with a Robot - Exploring User
Experience in Interacting with Pepper,” 2018, pp. 172-183.

amazon, “Dremel DigiLab 3D45-01 3D Printer with Filament - Heated Build Plate
&amp; Auto 9-Point Leveling - PC &amp; MAC OS, Chromebook, iPad Compatible -
Nylon, ECO-ABS, PETG, PLA Print Capable: Amazon.ca: Industrial &amp; Scientific,”
remel DigiLab 3D45-01 3D Print. with Filam. - Heated Build Plate &amp; Auto 9-Point
Leveling - PC &amp; MAC OS, Chromebook, iPad Compat. - Nylon, ECO-ABS, PETG,
PLA Print Capab. Amaz. Ind. &amp; Sci.

U. N. G. Assembly, “Convention on the Rights of the Child,” United Nations, Treaty
Ser., vol. 1577, no. 3, pp. 1-23, 1989.

J. E. Johnson, J. F. Christie, T. D. Yawkey, and F. P. Wardle, Play and early childhood
development. Scott, Foresman \& Co, 1987.

K. R. Ginsburg et al., “The importance of play in promoting healthy child
development and maintaining strong parent-child bonds,” Pediatrics, vol. 119, no. 1,
pp- 182-191, 2007, doi: 10.1542/peds.2006-2697.

L. A. Barnett, “Developmental Benefits of Play for Children,” }. Leis. Res., vol. 22, no.
2, pp- 138-153, 1990, doi: 10.1080/00222216.1990.11969821.

P. Gray, “The decline of play and the rise of psychopathology in children and
adolescents.,” Am. J. Play, vol. 3, no. 4, pp. 443-463, 2011.

S. Rodger and J. Ziviani, “Play-based occupational therapy,” Int. J. Disabil. Dev. Educ.,
vol. 46, no. 3, pp. 337-365, 1999, doi: 10.1080/103491299100542.

S. Besio and N. Amelina, “Play in Children with Physical Impairment,” Play Dev.
Child. With Disabilties, pp. 120-136, 2017, doi: 10.1515/9783110522143-011.

S. Saleh, H. Mahdi, and K. Dautenhahn, Let’s play together: Designing robots to engage
children with special needs and their peers in robot-assisted play, vol. 1, no. 1.
Association for Computing Machinery, 2021.

L. Harkness and A. C. Bundy, “The test of playfulness and children with physical
disabilities,” Occup. Ther. J. Res., vol. 21, no. 2, pp. 73-89, 2001, doi:
10.1177/153944920102100203.

D. S. Wilson, D. Marshall, and H. Iserhott, “Empowering Groups that Enable Play.,”

10.



[24]

[26]

[32]

Am. 7. Play, vol. 3, no. 4, pp. 523-537, 2011.

A. Kennedy-Behr, S. Rodger, F. Graham, and S. Mickan, “Creating enabling
environments at preschool for children with developmental coordination disorder,” §.
Occup. Ther. Sch. \& Early Interv., vol. 6, no. 4, pp. 301-313, 2013.

R.]J.F. Van Den Heuvel, M. A. S. Lexis, G. J. Gelderblom, R. M. L. Jansens, and L. P. De
Witte, “Robots and ICT to support play in children with severe physical disabilities: A
systematic review,” Disabil. Rehabil. Assist. Technol., vol. 11, no. 2, pp. 103-116, 2016,
doi: 10.3109/17483107.2015.1079268.

M. M. Neumann, D. L. Neumann, and L.-C. Koch, “Young children’s interactions with
a social robot during a drawing task,” Eur. Early Child. Educ. Res. }., vol. 0, no. 0, pp.
1-16, 2022, doi: 10.1080/1350293X.2022.2116653.

T. Kanda, M. Shimada, and S. Koizumi, “Children learning with a social robot,” in
2012 7th ACM/IEEE International Conference on Human-Robot Interaction (HRI), 2012,
pp- 351-358, doi: 10.1145/2157689.2157809.

R. Jordan, “Social play and autistic spectrum disorders: a perspective on theory,
implications and educational approaches,” Autism, vol. 7, no. 4, pp. 347-360, 2003.

G. Hoffman, “Anki, Jibo, and Kuri: What we can learn from social robots that didn’t
make it,” IEEE Spectr., 2019.

Y. Fernaeus, M. Hakansson, M. Jacobsson, and S. Ljungblad, “How do you play with a
robotic toy animal? A long-term study of Pleo,” Proc. IDC2010 9th Int. Conf. Interact.
Des. Child., pp. 39-48, 2010, doi: 10.1145/1810543.1810549.

B. R. Duffy, “Anthropomorphism and Robotics,” Soc. Study Artif. Intell. ..., no.
December, pp. 3-5, 2002.

J. Wainer, D. J. Feil-Seifer, D. A. Shell, and M. J. Mataric, “The role of physical
embodiment in human-robot interaction,” in ROMAN 2006-The 15th IEEE International
Symposium on Robot and Human Interactive Communication, 2006, pp. 117-122.

J. E. Young et al., “Evaluating human-robot interaction: Focusing on the holistic
interaction experience,” Int. 7. Soc. Robot., vol. 3, no. 1, pp. 53-67, 2011, doi:
10.1007/s12369-010-0081-8.

J. Wainer, B. Robins, F. Amirabdollahian, and K. Dautenhahn, “Using the humanoid
robot KASPAR to autonomously play triadic games and facilitate collaborative play

101



[39]

among children with autism,” IEEE Trans. Auton. Ment. Dev., vol. 6, no. 3, pp. 183-199,
2014, doi: 10.1109/TAMD.2014.2303116.

B. Robins, K. Dautenhahn, and P. Dickerson, “From isolation to communication: A
case study evaluation of robot assisted play for children with autism with a minimally
expressive humanoid robot,” Proc. 2nd Int. Conf. Adv. Comput. Interact. ACHI 2009, pp.
205-211, 2009, doi: 10.1109/ACHI.2009.32.

R.J. F. van den Heuvel, M. A. S. Lexis, and L. P. de Witte, “Robot ZORA in
rehabilitation and special education for children with severe physical disabilities: a
pilot study,” Int. J. Rehabil. Res., vol. 40, no. 4, pp. 353-359, Dec. 2017, doi:
10.1097/MRR.0000000000000248.

S. Lindsay and A. Lam, “Exploring types of play in an adapted robotics program for
children with disabilities,” Disabil. Rehabil. Assist. Technol., vol. 13, no. 3, pp. 263-270,
2018, doi: 10.1080/17483107.2017.1306595.

J. E. Young, R. Hawkins, E. Sharlin, and T. Igarashi, “Toward acceptable domestic
robots: Applying insights from social psychology,” Int. J. Soc. Robot., vol. 1, no. 1, pp.
95-108, 2009, doi: 10.1007/s12369-008-0006-y.

R.]J. F. Van Den Heuvel, M. A. S. Lexis, R. M. L. Janssens, P. Marti, and L. P. De Witte,
“Robots supporting play for children with physical disabilities: Exploring the
potential of IROMEC,” Technol. Disabil., vol. 29, no. 3, pp. 109-120, 2017, doi:
10.3233/TAD-160166.

R.J. F. Van Den Heuvel, M. A. S. Lexis, and L. P. De Witte, “Can the IROMEC robot
support play in children with severe physical disabilities? A pilot study,” Int. 7.
Rehabil. Res., vol. 40, no. 1, pp. 53-59, 2017, doi: 10.1097/MRR.0000000000000200.

C. Garvey, Play, vol. 27. Harvard University Press, 1990.

B. Sutton-Smith, “Play Theory: A Personal Journey and New Thoughts.,” Am. J. Play,
vol. 1, no. 1, pp. 80-123, 2008.

S. L. Nijhof et al., “Healthy play, better coping: The importance of play for the
development of children in health and disease,” Neurosci. \& Biobehav. Rev., vol. 95,
pp. 421-429, 2018.

C. Rachel, N. V Roman, and G. T. Donga, “Determinants of Play Deprivation in Rural

Settings in Selected Provinces in South Africa: A Human Capabilities Perspective,”

10°



[44]

[45]

African J. Dev. Stud. (formerly AFFRIKA . Polit. Econ. Soc., vol. 12, no. 3, pp. 189-209,
2022.

L. M. Lauer, “Play Deprivation: Is It Happening In Your School?.,” Online Submiss.,
2011.

E. A. Bjorling and E. Rose, “Participatory research principles in human-centered
design: Engaging teens in the co-design of a social robot,” Multimodal Technol.
Interact., vol. 3, no. 1, 2019, doi: 10.3390/mti3010008.

O. Metatla, S. Bardot, C. Cullen, M. Serrano, and C. Jouffrais, “Robots for Inclusive
Play: Co-designing an Educational Game with Visually Impaired and sighted
Children,” Conf. Hum. Factors Comput. Syst. - Proc., 2020, doi:
10.1145/3313831.3376270.

O. Kachmar, V. Kozyavkin, and I. Ablikova, “Humanoid social robots in the
rehabilitation of children with cerebral palsy,” in REHAB 2014, 2014.

J. C. Pulido, J. C. Gonzalez, C. Suarez-Mej\’\ias, A. Bandera, P. Bustos, and F.
Fernandez, “Evaluating the child--robot interaction of the NAOTherapist platform in
pediatric rehabilitation,” Int. J. Soc. Robot., vol. 9, pp. 343-358, 2017.

M. Nalin, L. Baroni, A. Sanna, and C. Pozzi, “Robotic Companion for Diabetic
Children: Emotional and Educational Support to Diabetic Children, through an
Interactive Robot,” in Proceedings of the 11th International Conference on Interaction
Design and Children, 2012, pp. 260-263, doi: 10.1145/2307096.2307140.

A. Meghdari et al., “Arash: A social robot buddy to support children with cancer in a
hospital environment,” Proc. Inst. Mech. Eng. Part H . Eng. Med., vol. 232, no. 6, pp.
605-618, 2018, doi: 10.1177/0954411918777520.

G. Kronreif, B. Prazak, S. Mina, M. Kornfeld, M. Meindl, and M. First, “PlayROB -
Robot-assisted playing for children with severe physical disabilities,” Proc. 2005 IEEE
9th Int. Conf. Rehabil. Robot., vol. 2005, pp. 193-196, 2005, doi:
10.1109/ICORR.2005.1501082.

B. Cagiltay, N. T. White, R. Ibtasar, B. Mutlu, and ]J. Michaelis, “Understanding Factors
that Shape Children’s Long Term Engagement with an In-Home Learning
Companion Robot,” Proc. Interact. Des. Child. IDC 2022, pp. 362-373, 2022, doi:
10.1145/3501712.3529747.

10



K. Stagnitti, “Understanding play: The implications for play assessment,” Aust. Occup.
Ther. 3., vol. 51, no. 1, pp. 3—-12, 2004, doi: 10.1046/j.1440-1630.2003.00387 ..

J. Piaget, “Play, dreams, and imitation in childhood. London: W.” Heinemann, 1951.

S. Besio, “1 The Need for Play for the Sake of Play,” 2008.

K. Lifter, S. Foster-Sanda, C. Arzamarski, J. Briesch, and E. McClure, “Overview of
play: Its uses and importance in early intervention/early childhood special
education,” Infants Young Child., vol. 24, no. 3, pp. 225-245, 2011, doi:
10.1097/TYC.0b013e31821e995c.

S. W. Russ, “Pretend play: a resource for children who are coping with stress and
managing anxiety,” NYS Psychol., vol. 19, no. 5, pp. 13-17, 2007.

K. Diamond and H. Tu, “Relations between classroom context, physical disability and
preschool children’s inclusion decisions,” J. Appl. Dev. Psychol., vol. 30, no. 2, pp. 75—
81, 2009.

K. E. Diamond and S.-Y. Hong, “Young children’s decisions to include peers with
physical disabilities in play,” 7. Early Interv., vol. 32, no. 3, pp. 163-177, 2010.

C. F. DiCarlo, D. H. Reid, and S. B. Stricklin, “Increasing toy play among toddlers with
multiple disabilities in an inclusive classroom: A more-to-less, child-directed
intervention continuum,” Res. Dev. Disabil., vol. 24, no. 3, pp. 195-209, 2003.

J.J. Ivory and J. A. McCollum, “Effects of social and isolate toys on social play in an
inclusive setting,” 7. Spec. Educ., vol. 32, no. 4, pp. 238—243, 1999.

S. Movahedazarhouligh, “Teaching Play Skills to Children with Disabilities: Research-
Based Interventions and Practices,” Early Child. Educ. }., vol. 46, no. 6, pp. 587-599,
2018, doi: 10.1007/s10643-018-0917-7.

N. Rosenberg and G.-L. Boulware, “Playdates for Young Children: With Autism and
Other Disabilities,” Young Except. Child., vol. 8, no. 2, pp. 11-20, 2005.

E. E. Barton and R. Pavilanis, “Teaching pretend play to young children with autism,”
Young Except. Child., vol. 15, no. 1, pp. 5-17, 2012.

K. English, K. Shafer, H. Goldstein, and L. Kaczmarek, “Teaching Buddy Skills to
Preschoolers.,” Innov. Am. Assoc. Ment. Retard. Res. to Pract. Ser., 1997.

J. D. Bass and J. A. Mulick, “Social play skill enhancement of children with autism
using peers and siblings as therapists,” Psychol. Sch., vol. 44, no. 7, pp. 727-735, 2007.

10!



[74]

V. Teixeira and M. Lai, “The use Robotics in the intervention with children with ASD
in Macao: a pilot study with Milo,” Rev. Port. Investig. Educ., no. 21, pp. 1-26, 2021.
G. W. Gengoux et al., “Enhancing Social Initiations Using Naturalistic Behavioral
Intervention: Outcomes from a Randomized Controlled Trial for Children with
Autism,” J. Autism Dev. Disord., pp. 1-17, 2021.

J. R. Ledford, D. L. Gast, D. Luscre, and K. M. Ayres, “Observational and incidental
learning by children with autism during small group instruction,” . Autism Dev.
Disord., vol. 38, pp. 86—103, 2008.

S. Jung and D. M. Sainato, “Teaching play skills to young children with autism,” J.
Intellect. Dev. Disabil., vol. 38, no. 1, pp. 74-90, 2013.

E. Jahr, S. Eldevik, and S. Eikeseth, “Teaching children with autism to initiate and
sustain cooperative play,” Res. Dev. Disabil., vol. 21, no. 2, pp. 151-169, 2000.

H. El-Hussieny et al., “Development and evaluation of an intuitive flexible interface
for teleoperating soft growing robots,” in 2018 IEEE/RSY International Conference on
Intelligent Robots and Systems (IROS), 2018, pp. 4995-5002.

A. Hong et al, “A multimodal emotional human--robot interaction architecture for
social robots engaged in bidirectional communication,” IEEE Trans. Cybern., vol. 51,
no. 12, pp. 5954-5968, 2020.

K. C. Welch, U. Lahiri, Z. Warren, and N. Sarkar, “An approach to the design of
socially acceptable robots for children with autism spectrum disorders,” Int. 7. Soc.
Robot., vol. 2, pp. 391-403, 2010.

S. Naneva, M. Sarda Gou, T. L. Webb, and T. J. Prescott, “A systematic review of
attitudes, anxiety, acceptance, and trust towards social robots,” Int. J. Soc. Robot., vol.
12, no. 6, pp. 1179-1201, 2020.

F. Babel et al., “Small talk with a robot? The impact of dialog content, talk initiative,
and gaze behavior of a social robot on trust, acceptance, and proximity,” Int. . Soc.
Robot., pp. 1-14, 2021.

B. Malle, K. Fischer, J. Young, A. Moon, and E. Collins, “Trust and the discrepancy
between expectations and actual capabilities of social robots,” 2021.

S. Chatterjee, R. Chaudhuri, and D. Vrontis, “Usage intention of social robots for

domestic purpose: From security, privacy, and legal perspectives,” Inf. Syst. Front., pp.



[89]

1-16, 2021.

M. M. A. de Graaf, “An ethical evaluation of human--robot relationships,” Int. 7. Soc.
Robot., vol. 8, pp. 589-598, 2016.

V. Lim, M. Rooksby, and E. S. Cross, “Social robots on a global stage: establishing a
role for culture during human--robot interaction,” Int. J. Soc. Robot., vol. 13, no. 6, pp.
1307-1333, 2021.

C. Reeves, Byron; Nass, The media equation: How people treat computers, television,
and new media like real people. 1996.

C. L. Martin and D. H. Nagao, “Some effects of computerized interviewing on job
applicant responses.,” 7. Appl. Psychol., vol. 74, no. 1, p. 72, 1989.

B. Reeves, E. Thorson, M. L. Rothschild, D. McDonald, J. Hirsch, and R. Goldstein,
“Attention to television: Intrastimulus effects of movement and scene changes on
alpha variation over time,” Int. J. Neurosci., vol. 27, no. 3—-4, pp. 241-255, 1985.

B. R. Reeves, J. Newhagen, E. Maibach, M. Basil, and K. Kurz, “Negative and positive
television messages: Effects of message type and context on attention and memory,”
Am. Behav. Sci., vol. 34, no. 6, pp. 679-694, 1991.

M. L. ROTHSCHILD, E. THORSON, B. REEVES, J. E. HIRSCH, and R. GOLDSTEIN,
“EEG ACTIVITY AND THE PROCESSING OF TELEVISION COMMERCIALS,”
Communic. Res., vol. 13, no. 2, pp. 182-220, 1986, doi: 10.1177/009365086013002003.
D. Zillmann, “Television viewing and physiological arousal,” Responding to screen
Recept. React. Process., pp. 103-133, 1991.

C. Nass, B. J. Fogg, and Y. Moon, “Can computers be teammates?,” Int. J. Hum.
Comput. Stud., vol. 45, no. 6, pp. 669-678, 1996.

J. Wainer, D. J. Feil-Seifer, D. A. Shell, and M. J. Matari¢, “The role of physical
embodiment in human-robot interaction,” Proc. - IEEE Int. Work. Robot Hum. Interact.
Commun., pp. 117-122, 2006, doi: 10.1109/ROMAN.2006.314404.

K. Lohan, S. Gieselmann, A.-L. Vollmer, K. Rohlfing, and B. Wrede, “Does
embodiment affect tutoring behavior,” in International Conference on Development and
Learning, 2010.

J. Wainer, D. J. Feil-Seifer, D. A. Shell, and M. J. Mataric, “Embodiment and human-
robot interaction: A task-based perspective,” in RO-MAN 2007-The 16th IEEE

11



[100]

[101]

International Symposium on Robot and Human Interactive Communication, 2007, pp.
872-877.

W. A. Bainbridge, J. W. Hart, E. S. Kim, and B. Scassellati, “The benefits of
interactions with physically present robots over video-displayed agents,” Int. J. Soc.
Robot., vol. 3, no. 1, pp. 41-52, 2011, doi: 10.1007/s12369-010-0082-7.

C. Bartneck and J. Forlizzi, “A design-centred framework for social human-robot
interaction,” in RO-MAN 2004. 13th IEEE international workshop on robot and human
interactive communication (IEEE Catalog No. 04TH8759), 2004, pp. 591-59%4.

C. Breazeal, K. Dautenhahn, and T. Kanda, “Social robotics,” Springer Handb. Robot.,
pp. 1935-1972, 2016.

M. Shishehgar, D. Kerr, and J. Blake, “A systematic review of research into how
robotic technology can help older people,” Smart Heal., vol. 7, pp. 1-18, 2018.

L. Daniela and M. D. Lytras, “Educational robotics for inclusive education,”
Technology, Knowledge and Learning, vol. 24. Springer, pp. 219-225, 2019.

F. Marino et al, “Outcomes of a robot-assisted social-emotional understanding
intervention for young children with autism spectrum disorders,” 7. Autism Dev.
Disord., vol. 50, pp. 1973-1987, 2020.

L Leite, C. Martinho, and A. Paiva, “Social robots for long-term interaction: a survey,”
Int. . Soc. Robot., vol. 5, pp. 291-308, 2013.

K. D. Adams et al., “An exploratory study of children’s pretend play when using a
switch-controlled assistive robot to manipulate toys,” Br. 7. Occup. Ther., vol. 80, no. 4,
pp- 216-224, 2017, doi: 10.1177/0308022616680363.

A. Bonarini, F. Clasadonte, F. Garzotto, M. Gelsomini, and M. Romero, “Playful
interaction with Teo, a mobile robot for children with neurodevelopmental
disorders,” ACM Int. Conf. Proceeding Ser., pp. 223-231, 2016, doi:
10.1145/3019943.3019976.

B. Robins et al,, “Scenarios of robot-assisted play for children with cognitive and
physical disabilities,” Interact. Stud. Soc. Behav. Commun. Biol. Artif. Syst., vol. 13, no.
2, pp. 189-234, 2012, doi: 10.1075/is.13.2.03rob.

R.J. F. van den Heuvel, M. A. S. Lexis, and L. P. de Witte, “ZORA Robot Based

Interventions to Achieve Therapeutic and Educational Goals in Children with Severe

11.



[102]

[103]

[104]

[105]

[106]

[107]

[108]

Physical Disabilities,” Int. J. Soc. Robot., vol. 12, no. 2, pp. 493-504, 2020, doi:
10.1007/s12369-019-00578-z.

P. Alves-Oliveira, A. Paiva, P. Arriaga, and G. Hoffman, “Yolo, a robot for creativity:
A co-design study with children,” IDC 2017 - Proc. 2017 ACM Conf. Interact. Des.
Child., pp. 423-429, 2017, doi: 10.1145/3078072.3084304.

M. Obaid, A. E. Yantag, W. Barendregt, G. K\irlang\i¢, and T. Goksun, “Robo2Box: a
toolkit to elicit children’s design requirements for classroom robots,” in International
Conference on Social Robotics, 2016, pp. 600-610.

N. K. Kibiswa, “Directed Qualitative Content Analysis (DQICA): A Tool for Conflict
Analysis,” Qual. Rep., vol. 24, no. 8, pp. 2059-2079, 2019, doi: 10.46743/2160-
3715/2019.3778.

H. F. Hsieh and S. E. Shannon, “Three approaches to qualitative content analysis,”
Qual. Health Res., vol. 15, no. 9, pp. 1277-1288, 2005, doi: 10.1177/1049732305276687.
L. J. Hubbard, Y. Chen, E. Colunga, P. Kim, and T. Yeh, “Child-Robot Interaction to
Integrate Reflective Storytelling into Creative Play,” ACM Int. Conf. Proceeding Ser.,
2021, doi: 10.1145/3450741.3465254.

S. Jeong, “Developing a Social Robotic Companion for Stress and Anxiety Mitigation
in Pediatric Hospitals,” pp. 1-120, 2014.

L. L. Hestenes and D. E. Carroll, “The play interactions of young children with and
without disabilities: Individual and environmental influences,” Early Child. Res. Q.,

vol. 15, no. 2, pp. 229-246, 2000.

11



