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ABSTRACT

This thesis addresses the critical intersection of socially assistive robots (SARs) and special education,
with a primary focus on the role of teleoperators— special educators—in shaping the effective
implementation of SARs. The three interconnected studies provide a comprehensive perspective on the
essential aspects of SAR utilization in special education.

In Study One, session summary and progress reports emerged as multifaceted tools integral to the
credibility of SAR interventions. Balancing visualization for a diverse audience while ensuring teleoperators
have adequate details for informed judgments, such as engagement and proficiency metrics, proves crucial.

Study Two delves into the nuanced needs of special education teachers, revealing the intricate
landscape of the field. The challenge lies in designing for diverse tracking methods and multifaceted
dimensions of success, including academic goals, behavioral observations, social interactions, and health
metrics. This complexity necessitates careful consideration of collaborative dynamics, presenting a
challenge in creating a universally effective design.

Study Three highlights the significance of a structured support system, emphasizing community
building among special educators. Practical strategies, including continuous assistance, hands-on sessions,
accessible resources, and incentivized professional development, empower educators and enhance their
understanding of SARs. The study underscores the specific needs of special educators, providing valuable
considerations for institutions to support effective implementation.

In conclusion, this collectively emphasize the dual importance of refining teleoperation interfaces and
ensuring effective implementation to ensure SAR success in special education. Technological advancements
alone are insufficient; the key lies in strategies empowering and supporting educators operating SARs. This
research advocates for a holistic approach, focusing on the perspectives of special educators. Such an
approach ensures widespread SAR adoption and positive impacts on the lives of children in special

education settings.
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CHAPTER 1
INTRODUCTION

Special education aims to provide appropriate educational services and support to students with
disabilities to help them achieve academic and personal success [1]. In recent years, there has been a
growing recognition of the importance of engaging, motivating, and personalized curriculum to meet the
diverse needs of students with disabilities [2]. Engagement and motivation are critical components in
special education. Engaging curriculum incorporates multiple modalities, allows for exible pacing, and
promotes active participation that can help overcome the barriers faced by students with disabilities and
promote their success [3{5]. Motivating curriculum can be achieved by incorporating student interests,
providing choices, and setting achievable goals [5{7]. To address this collection of needs, special education
teachers need to identify and deliver personalized curricula. A personalized curriculum recognizes the
individual strengths, interests, and needs of each student, providing tailored learning experiences that
maximize the students' potential [8, 9]. In special education, personalized curriculum can be particularly
important as students often require individualized support and accommodations to access and participate
in learning experiences [9]. Assistive technologies, such as socially assistive robots o er an additional tool
for personalized curriculum, as they can provide individualized support, feedback, and motivation to
students with disabilities [10, 11].

Socially assistive robots (SARs) provide meaningful assistance to humans through primarily social
interactions [12]. In education, SARs can act as tutors [13] or peers [14] that motivate students to learn
academic content [12] and social skills [15, 16]. Similarly, SARs have been shown to improve the e cacy of
therapeutic interactions by increasing engagement [17, 18] and motivation [19, 20]. Within the
Human-Robot Interaction (HRI) literature there is a signi cant focus on fully autonomous SARs but when
deployed in real scenarios, therapists and educators are typically the ones controlling or teleoperating SARs
because they're the ones creating the content and use SARs as a medium to deliver that content [21].
Recent analysis suggests a need to reevaluate the emphasis on autonomy, aligning it with the level of
autonomy (LoA) selection guidelines that recommend teleoperation in certain sensitive domains [21].
Teleoperation, where a human operator guides the robot's actions, is not only a more tting choice in many
SAR domains but is also a more respectful acknowledgment of the educators and therapists already
providing assistance [22]. In addition, the prevalent focus on autonomous SARs has left a gap in
understanding how to design tools to best support therapists and educators in their use of teleoperated

robots [22].



When we shift our focus from fully-autonomous to teleoperated SARs not only do we introduce
additional stakeholders, in this case teleoperators, but also other design considerations. A study with
teleoperators reveals a dual-cycle model of therapy: the outer cycle spanning months or years involves
collaboration, goal-setting, and iterative reviews, while the inner cycle focuses on therapist-child
interactions within each session [22]. The model emphasizes extending the analysis beyond the session to
include authoring interfaces and post-session analysis dashboards, o ering valuable insights for improving
robotic technology in therapy [22]. The study identi es six themes related to how therapists examine,
evaluate, and prepare within inner and outer therapy cycles, emphasizing the importance of evaluation for
teleoperators [22].

Evaluation, assessing the value and success of therapeutic activities, allows teleoperators to monitor
client progress, report to stakeholders, and in uence future session preparations and interventions [22].
Therapists stress continuous evaluation to monitor improvement, determine speci ¢ goals for children, and
adapt goals based on progress. Recommendations that address the importance of evaluation include
enhancing SAR tools with long-term progress displays, insurance approval reports, and facilitating easy
performance comparison across sessions [22].

In addressing the research-to-practice gap, personalized curriculum, and visual support tools like
dashboards and reports play a crucial role. These tools o er real-time detection of issues, display learning
progress, and provide feedback for future sessions, empowering educators to tailor interventions. The
opportunity to improve teleoperation interfaces lies in visual support tools like session summary reports,
leveraging data from SARs and teleoperators to provide valuable insights, support future sessions, and
personalize content. The e ectiveness of SAR systems is contingent on considering the role of teleoperators
in the evaluation process.

Therefore, one design opportunity for improving teleoperation interfaces is the incorporation of session
summary reports, aiding teleoperators in their evaluation process [23, 24]. These reports are used in two
key ways: insurance reporting and preparation [22]. Insurance companies can use these reports to
determine the e cacy of treatments; while teleoperators can use the data to determine future interventions
to deliver. In addition, these interviews revealed that evaluation is institutional meaning that institutions
can play a role in providing tools that can ease the evaluation process for teleoperators [22]. In this thesis,
we deepen our understanding of teleoperators' needs around session summary reports and how institutions
can support the deployment of SARs with a focus on special education teachers.

We initially explored this topic with the Peerbots [25] interface in mind.



1.1 Peerbots

Peerbots, an open source application, that o ers an a ordable solution for socially assistive robot
teleoperation and has been employed in programs focusing on enhancing social skills for children with
autism [23, 26]. Peerbots enable a teleoperator to oversee a robot's movement and verbal expression.
Teleoperators can create content that the robot will articulate during a session and can incorporate
relevant metadata for each verbalized item. Notably, therapists can de ne both the goal for the articulated
content and the required pro ciency level. This feature allows teleoperators to assess a client's performance
using the information gathered during a session [23, 26].

In our rst experiment, we created an initial session summary report motivated by existing treatment
and lesson plans, questionnaires used by a non-pro t organization that used Peerbots, real-life session

transcripts from Peerbots and a documentation report recommended in Elbeidy's work [23].

Figure 1.1 Peerbots teleoperation interface [18]

Through design iterations and semi-structured interviews, we aimed to answer the following questions

in our rst study:

" Why do summary reports add value to therapists, educators, and administrators?

~ How can the visualizations and summaries displayed in these reports be best designed to meet these

stakeholders' needs?

We conducted a series of interviews, in which participants rst explained their current work ow for
planning, conducting, and re ecting on sessions, and then critiqued our most recent summary report
designs. After each interview, we iterated our summary report designs based on insights gleaned from the
preceding interview. Our nal design included a (1) newly designed main panel as well as panels for (2)

student/client performance, (3) activity duration and engagement, (4) time spent per goal, and (5) new



task e ciency. One of the most critical pieces of feedback received during our iterative design process was
the need for distinct reports for visualizing (a) the contents of an individual session, and (b) progress over
time. We then qualitatively analyzed the resulting collection of interviews to identify overarching themes

and contributions. Our analysis producedthree key insights

Performance and engagement metrics guide future therapeutic and educational interventions
" Therapists and educators have limited time to re ect after sessions
" Progress reports provide credibility in therapeutic and educational interventions

In summary, our rst study addressed the overarching needs of educators, therapists, and
administrators by exploring the requirements for comprehensive summary and progress reports, o ering
broad recommendations that consider multiple perspectives. Our initial experiment highlighted the
importance of session summary reports for both therapists and educators, but we overlooked their di ering
needs. To provide tailored recommendations for each stakeholder, we must examine their unique
requirements and incorporate them into the report.

In our second study, we narrowed our participant pool to only special education teachers to provide
more tailored recommendations. We sought to understand their needs and organizational goals related to
session summary and progress reports, aiming to enhance SAR adoptability through tailored design. We

aimed to answer the following research questions in our second study:
" How can session summary and progress reports be best designed to meet special educators' needs?

~ What are other design implications that should be considered when building/ deploying SARs in

special education classes?

In our second study, we explored how special education teachers track goals to o er targeted
recommendations for session and progress reports. This investigation highlighted the challenging process of
designing a solution that addresses diverse needs and work ows, underscoring the collaborative e ort
among special education teachers, paraprofessionals, and specialists in crafting content for a student's
Individualized Education Program (IEP). Employing diverse recruitment methods, we conducted in-depth
semi-structured interviews where participants elaborated on their goal-tracking processes, including criteria

for progress assessment. Through comprehensive thematic analystajo key insights emerged:

" The tracking of goals in special education is essential for both historical documentation and ongoing
assessment, yet it presents a complex challenge due to diverse tracking methods and the multifaceted

nature of special education goals;



~ Session summary reports should support holistic tracking of goals and customizable interactions to

align with the diverse teaching styles and collaborative nature of special education.

In our third study, we conducted in-depth interviews with special educators with experience
teleoperating SARs within their classrooms. Our objective was to garner insights into the e ective
deployment of SARs in special education settings and provide recommendations to institutions, speci cally,
school districts. To achieve this, we broadened our research questions to concentrate on identifying the
challenges inherent in teleoperating SARs and pinpointing opportunities to re ne their implementation.

Our third study sought to answer:

~ What are the challenges special educators face when using socially assistive robots in their

classrooms?

~ What opportunities exist for improving the implementation of SARs in special education?

We recruited special education teachers who have experience with SARs from one Colorado school
district. We conducted semi-structured interviews that not only uncovered the hurdles of teleoperating
SARs but also identi ed potential improvements for their implementation in special education. Our

qualitative analysis in the third study revealed two key ndings

1. A robust and continuous support system is critical in the e ective implementation of socially assistive

robots;

2. O ering incentives and various resources can motivate special educators to implement socially

assistive robots;

Our third study shed light on the pivotal role of the implementation phase, a critical consideration for
seamlessly integrating SARs into the daily routines of users in the eld, particularly special educators.
Unsurprisingly, our exploration of existing literature unveiled a notable gap in research, especially from the
perspective of special educators, regarding the implementation of SARs in special education. This gap
could be attributed to the historical emphasis on fully autonomous robots, inadvertently sidelining the
needs of other stakeholders involved in the process [21]. By exploring the insights of experienced special
educators using SARs, our third study contributes to bridging the gap between adoption and successful
implementation. It o ers broad recommendations for institutions such as school districts or programs,
aiming to guide improved SAR implementation and ensure their full potential in enhancing special
education classrooms.

In essence, while SARs have made substantial progress in addressing the labor cost associated with

personalization through autonomous systems, recent insights suggest a potential misalignment in



prioritizing autonomy over teleoperation, especially in the context of SARs in special education. Our
motivation stems from a keen awareness of the critical role played by special educators as teleoperators,
stakeholders that have been overlooked. Furthermore, the hurdles encountered by special educators as they
strive to integrate SARs into their classrooms highlight the necessity for e ective implementation alongside
any advancements in SAR design, while also emphasizing the signi cant role that institutions can play in
supporting such e ective implementation. Our research aims to o er valuable insights contributing to the
development, adoption, and successful implementation of SARs in special education. By centering the
experiences of special educators, our goal is to provide targeted recommendations that enhance the
usability and e ectiveness of SARs, ultimately fostering positive outcomes for both educators and students
in special education settings. In all, these studies mark signi cant contributions to the socially assistive
robot literature, particularly within the often overlooked domain of special education, a sentiment echoed

by a special educator in our interviews:

Thank you for thinking of special ed teachers and ... technology that [is] better and more

accessible... [it's] so encouraging to hear about other people caring about this eld. So thank you.



CHAPTER 2
MOTIVATION

Special education is an educational service that is specially designed to meet the needs of a child with
disability [1]. In the 2019-2020 school year, the National Center for Education Statistics reported that
there were 7.3 million students, or about 14 percent of all public school students that are receiving special
education services [27]. The goal of special education is to help these students overcome their challenges
and develop the skills necessary to succeed academically and in life [1, 28]. Special education services may
include specialized instruction, assistive technology, therapy, and accommodations and modi cations to the
curriculum and learning environment [1, 27].

Special education serves students with a wide range of disabilities or special needs. Some categories of
disabilities that are eligible for special education services according to the IDEA (Individuals with
Disabilities Education Act) [29] are autism, deafness, deaf-blindness, emotional disturbance, intellectual
disability, speech, language, visual or hearing impairment. Students who have one or more of these
disabilities are eligible for special education services [29]. Additionally, students who have developmental

delays or are at risk of developing a disability may also receive special education services [29].
2.1 Engagement and Motivation

Engagement and motivation are critical components of special education as they play a signi cant role
in student's learning and academic success. Students with disabilities often experience lower levels of
engagement and motivation in the classroom, which can lead to poor academic outcomes [4, 5]. When
students are engaged and motivated, they are more likely to participate in classroom activities, develop a
positive attitude towards learning, and achieve their academic goals [6, 7]. Additionally, engagement and
motivation can improve students' social skills, self-esteem, and overall well-being [4{7]. Special educators
must employ evidence-based strategies to promote engagement and motivation, such as using
technology-based tools, providing positive feedback, and incorporating student interests into the
curriculum [2{5]. By fostering engagement and motivation in special education, educators can help
students with disabilities reach their full potential and become successful learners.

Special education teachers need to design a curriculum that targets student's speci c needs, but also
motivates and engages the student. One way special education teachers address this is with assistive

technology.



2.1.1 Challenges in Special Education

Special education teachers face a variety of challenges in their roles, including high caseloads, complex
student needs, and a lack of support and resources [30]. Special education teachers are often responsible for
supporting students with a wide range of disabilities and need to have a deep understanding of each
student's individual needs, learning styles, and strengths. This requires specialized training and ongoing
professional development, which may not be available to all special education teachers [30{32]. Often there
might only be one special education teacher throughout the entire school which leaves them to function
independently from other teachers [32]. In addition to these challenges, special education teachers may also
face challenges related to communication and collaboration with other professionals, such as general
education teachers, administrators, and related service providers [30]. These challenges can lead to high
levels of stress and burnout among special education teachers, which can negatively impact their job

performance and their ability to provide e ective support to their students [30, 32].
2.2 Assistive Technology

Assistive technology (AT) refers to tools and devices that are designed to help individuals with
disabilities overcome barriers and achieve greater independence [33, 34]. AT can be "low-tech" tools such
as pencil grips or adapted scissors, or "high-tech" devices such as speech-to-text software or communication
boards for nonverbal students with autism [33]. The goal of AT is to enhance an individual's ability to
learn, communicate, and perform daily activities, ultimately improving their quality of life [33, 34]. AT can
help students access the curriculum, participate in classroom activities, and communicate with their peers
and teachers [33, 34]. Additionally, AT can provide opportunities for students to develop independence and

improve their self-esteem [33, 34].
2.2.1 Socially Assistive Robots

Socially assistive robots (SARs), a subset of assistive technologies, assist humans through social
interactions [12]. SARs have been used with students in education [35], the elderly [36], and individuals
with cognitive and behavioral disabilities [12]. SARs typically engage in social interactions through social
modalities such as speech, gestures, or emotional expressions [15, 37]. SARs have been shown to help with
tasks such as tutoring [12, 35], physical therapy [12, 38], teaching social interaction skills [12, 39] and

delivering or supplementing behavioral interventions [37].



2.2.2 Socially Assistive Robots in Education

SARs tinto a broader category of technologies used in education to better assist students with
physical, cognitive, emotional, or social needs [40]. Within this category of technologies, SARs have been
shown to be particularly e ective in supporting various learning topics, ranging from traditional academic
subjects like math [12] and second language acquisition [41], to more general social skills like
collaboration and self-con dence [15, 16]. SARs have taken on a variety of roles, including teacher's
assistant [41], tutor [13], and peer [14]. In these roles, SARs have been shown to help increase enjoyment
in students, which in turn has been shown to lead to more motivation and engagement [15]. Additionally,
SARs can be bene cial for students with disabilities who may have di culty interacting with human
teachers and peers, providing a non-judgmental and supportive learning environment [38]. Therefore, SARs
are a promising form of AT in special education that can enhance the educational experience and support

the social and emotional development of students with disabilities.
2.2.3 Socially Assistive Robots in Therapy

SARs have also been used in therapeutic domains, where they have been shown to increase engagement
[17, 42] and encourage communication [43]. Some of this work has been in therapy with adults, such as
those with intellectual disabilities, in which SARs have been shown to increase social interaction and
engagement [44]. Most SAR research in the context of therapy, however, has been performed in the
context of therapy with children, such as autistic children [17, 42], where SARs have been shown to not
only increase engagement [17] but also to more broadly improve social [17, 19], behavioral [45] and
cognitive [45] skills. As discussed in Chapter??, one of the key bene ts of SARs across both of these

domains, is the ability to e ectively deliver personalized content.
2.3 Personalization in Educational and Therapeutic Interventions

Educators tailor content based on students' strengths, needs, and interests, to increase motivation and
engagement [46]. This personalized approach is especially crucial in learning interventions for autistic
children, considering the vast heterogeneity among children with Autism Spectrum Disorder (ASD)

[47, 48]. For example, speech and language therapists, who deal with linguistically, culturally, cognitively,
and behaviorally diverse groups of children with ASD, are challenged to navigate this heterogeneity in
intervention selection and response measurement [49]. Recognizing that a single intervention is not
universally e ective for all children with ASD [50], therapists must employ diverse tools and approaches,

guided by an understanding of intervention e ectiveness based on the child's symptom presentation [51].



2.3.1 Personalization in Special Education

Personalization is a critical component of special education [1], as it allows educators to tailor
instruction and support to meet the unique needs of each student with disabilities. Personalization can
lead to improved engagement, motivation, and academic outcomes for students with disabilities [47, 52, 53].
By personalizing instruction and support, educators can address the diverse learning needs of students with
disabilities and provide them with opportunities to develop their strengths and interests [47, 52, 53].
Additionally, personalization can help students with disabilities develop self-awareness, self-advocacy, and

independence, which are essential skills for success in school and career [47, 52, 53].
2.3.1.1 Individualized Education Program

An IEP, or Individualized Education Program, is a legal document that outlines the educational goals,
services, and accommodations for students with disabilities [54]. The IEP is developed by a team of
professionals, including special education teachers, general education teachers, parents or guardians, and
related service providers. It is based on a comprehensive evaluation of the student's strengths and needs
and includes speci ¢ goals and objectives for academic achievement and functional performance. The
purpose of the IEP is to provide students with disabilities with an individualized and appropriate education
that enables them to reach their full potential in school and beyond [54]. The IEP is reviewed annually and
updated as necessary to re ect the student's progress and any changes in their needs or services [54].
Research into IEPs has shown that districts struggle to Il out certain sections of IEPs such as student's
present educational performance, IEP goals, and specialized services provided to the student [54].

Personalization is crucial for achieving engagement [15] and positive learning outcomes [42] in therapy.
For example, neurodivergent individuals have di erent therapeutic needs just as they have di erent
educational needs. If a neurodivergent individual has a physical disability, physical or occupational therapy
may be appropriate. In contrast, if they have a speech or language impairment, speech and language
therapy may be needed. Moreover, each of these therapies must be carefully customized to the needs of
individual clients [55, 56]. Yet personalization may come at a steep cost, requiring signi cant labor that
often falls on the shoulders of educators [57] and therapists [21]. These labor costs may be avoidable,

however, through well-designed visual support tools.
2.3.2 Role of Visual Support Tools in Personalization

Education and therapy technologies often make use of visual support tools [53, 58]. These tools use
visualizations to help therapists and educators make sense of complex data and more easily spot trends and

outliers [59{62]. Visual support tools such as dashboards help augment decision-making processes by

10



facilitating the Itering, analyzing, and visualization of data [63]. In education, dashboards have been
developed to support educators when re ecting on their teaching practice or to help educators nd at-risk
students [64]. Data visualizations can also help educators gain insights that may positively in uence their
personalized learning interventions [53]. Similarly, in therapy, data visualizations can help clinicians see
trends that could enable them to better customize treatment for their patients [58]. Dashboards, for
example, can help clinicians digest large amounts of data in a way that enables them to easily personalize
their treatment plans [63]. Clinicians are thus better guided in their decision-making process with the help
of data visualizations that make processing information more accessible [63].

In addition, research has found that data collection and analysis are essential for evaluating the
e ectiveness of AT in practice and informing decisions about which tools and interventions to use for
individual students [65]. However, collecting and analyzing data on AT use in special education can be
challenging, as there are often numerous stakeholders involved in the process, including educators, service
providers, students, and families. Additionally, collecting and analyzing data on AT can be time-consuming
and resource-intensive, which may limit its use in practice [33, 34, 65].

Despite the promise of and the need for these tools, little work exists on their use in the domain of
socially assistive robotics. We argue that this may be because of tensions between the dominant

approaches taken by SAR researchers and the actual needs and practices of SAR operators.
2.4 Research to Practice Gap

Below we will discuss the current gap in SAR research including focus on fully-autonomous robots when
in fact teleoperation is best suited and the implication of shifting our focus from fully-autonomous to

teleoperated robots.
2.4.1 Level of Autonomy

In the realm of Socially Assistive Robots (SARS) research, the predominant focus has been on
alleviating the labor cost of personalization, envisioning a future where autonomous robots dynamically
adapt to users for long-term personalized interventions [21, 57]. The goal of autonomous SARs is to reduce
the burden of long-term individualized interventions by automatically adjusting to user behavior [47] and
learning patterns in this behavior [66]. However, recent perspectives challenge this emphasis, suggesting
that task criticality, accountability, and environmental complexity might warrant partial or full
teleoperation in many SAR domains [21]. Autonomy, de ned as a robot's ability to perceive surroundings,
formulate plans, and execute actions without external control, is a crucial consideration for researchers

examining appropriate levels of autonomy (LoA) in SARs [21]. Task criticality involves balancing
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automation and the risk of task failure, with increased automation introducing risks in highly critical tasks.
Task accountability in uences LoA by determining who should be held accountable when errors occur [21].
Depending on the environment's complexity and dynamics, the deployment of SARs may vary [21].
Considering these dimensions, robots with less autonomy are recommended in tasks with high criticality,
high accountability, or unpredictable environments [21].

In the context of education, SAR research has primarily focused on fully autonomous robots, in uenced
by challenges in deploying teleoperated SARs, such as training di culties for non-expert users [12] and
perceived limitations in teleoperation interfaces [21]. Following the guidelines for LoA, the task criticality
in delivering educational content through robots depends on the subject matter, with quantitative topics
being easier to correct than socially-oriented subjects [21]. Task accountability is high in educational
scenarios involving children, considered a vulnerable population [21]. The unpredictable nature of a
classroom environment suggests SARs may bene t from a human supervisor, typically the teacher or
teacher's assistant [21]. Analyzing these dimensions, SARs involved in teaching highly sensitive content are
anticipated to have a low LoA [21]. Additionally, human experts in education are already trained to handle
unpredictable situations, and SAR designers can leverage their expertise instead of replacing them[21]. In
practice, many SARs are typically teleoperated by caregivers (those assisting individuals) already [21].

The shift from fully autonomous to teleoperated SARs underscores the importance of considering
teleoperators, particularly therapists and educators, who have traditionally been overlooked [56, 67].
Additionally, it prompts the exploration of neglected dimensions of SAR deployment, such as content

authoring and post-session analysis [24].
2.4.2 Evaluation is Important for Teleoperators Using SARs

Interviews with participants experienced in using robots to deliver therapeutic content to children
revealed that therapy is cyclic, comprising two cycles: the outer cycle, spanning months or years across
multiple sessions, and the inner cycle, occurring within each session on a short timescale of minutes or
hours [22]. The outer cycle involves collaboration with stakeholders, goal-setting, intervention delivery, and
iterative reviews, while the inner cycle focuses solely on the therapist and child working together during a
session [22]. Importantly, the model emphasizes the need to extend the analysis beyond the session itself to
include authoring interfaces and post-session analysis dashboards [22]. The signi cance of the "dual-cycle
model lies" in its capacity to reveal valuable insights for improving robotic technology used in therapy [22].
While traditional perspectives often concentrate on the inner cycle and the direct robot-child interaction,
Elbeleidy's work advocates for a broader view that gives enhanced emphasis to the outer cycle [22].

Elbeleidy's study explores six themes derived from the interviews, directly linked to how therapists
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examine, evaluate, and prepare within the inner and outer cycles of therapy. One nding was the
importance of evaluation for teleoperators [22]. Evaluation involves assessing the value and success of
therapeutic activities [22]. The process allows teleoperators to monitor client progress within and between
sessions and report to stakeholders such as insurance companies and parents [22]. The evaluation process
focuses on continuous assessment and long-term changes in a child's behavior [22]. The iterative nature of
evaluation in uences how teleoperators prepare for future sessions, as their evaluations determine future
interventions [22]. Therapists stress the need for continuous evaluation to monitor improvement and ensure
appropriate interventions [22]. Therapists periodically determine speci ¢ goals for children, which may
change over time based on the child's progress [22]. Due to the importance of evaluation, it is
recommended for roboticists to enhance SAR tools by displaying long-term progress, o ering reports for

insurance approval, and facilitating easy comparison of a child's performance across sessions [22].
2.4.3 Addressing the Research to Practice Gap through Session Summary Reports

As mentioned earlier, a personalized curriculum is critical to successful interventions. Visual support
tools such as dashboards or visual reports [53, 58] play a crucial role in creating personalized content.
These visual reports can present performance information, o ering real-time detection of issues by
displaying students' learning progress and providing alerts or feedback for future sessions [68, 69]. Visual
tools empower educators to gain insight into their clients and students, informing how they tailor
interventions [53, 58]. One opportunity for improving the teleoperation interface is a visual support tool,
like a session summary report, aiding teleoperators in their evaluation process [23]. This presents an
opportunity to leverage data collected from SARs and teleoperators, providing educators with valuable
insights to support future sessions and personalize content. Evaluation is crucial; therefore, e ective SAR

systems must consider teleoperators.
2.4.4 Institutional Support: A Dual Role in Evaluation and Implementation

Institutions play a crucial role in the success of SARs in both evaluation and implementation processes
[22, 70]. In terms of evaluation, institutions are instrumental in standardizing the evaluation process,
providing valuable tools like Google Forms to collect and summarize data. This not only streamlines the
evaluation work ow but also alleviates the workload of preparing for clients and evaluation from
teleoperators [22]. Furthermore, institutions contribute signi cantly to the continuity of service by o ering
essential documents to assist new therapists in their preparation [22]. In essence, institutions emerge as
vital contributors to therapy and evaluation, o ering tools that not only standardize processes but also

retain crucial long-term documentation about children, ensuring a seamless continuation of service when
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therapists change.

Moreover, the signi cance of institutional support extends beyond evaluation into the realm of
implementation. Implementation involves seamlessly integrating technology into the daily routines of
educators and therapists, ensuring sustained and e ective usage [71]. Khaksar et al.'s longitudinal study
spanning 12 months emphasizes the pivotal role of organizational support in championing the successful
implementation of socially assistive robots in educational services [72]. Another perspective suggests the
incorporation of technology leadership into the responsibilities of principals because they are crucial
decision-makers in technology integration [70]. Another work highlights that e ective leadership, especially
from principals, signi cantly in uences a school's e ectiveness when implementing technology-related
projects [73]. This multifaceted involvement of institutions underscores their dual responsibility in both
evaluating the e cacy of SARs and e ectively implementing them within educational frameworks.

To summarize, tension exists between the SAR literature's focus on autonomy and the actual need for
enhanced teleoperation faced by therapists and educators in the eld. Our rst two studies aim to
understand how a session summary report can support teleoperators in their evaluation process and what
speci ¢ features and considerations should be considered when designing such a feature. Motivated by the
critical role institutions play in the evaluation of therapeutic interventions and implementation of
technology in schools, our third study seeks to delve into the involvement of institutions in the successful
implementation of SARs in special education settings.

By understanding how institutions can actively support the integration of SARs into special education
practices, we aim to contribute valuable insights that bridge the existing gap between technological
innovations and their practical, day-to-day application in educational settings. Our focus on the role of
institutions underscores the broader implications of SAR implementation, shedding light on the
collaborative e orts necessary for its successful integration and long-term e ectiveness. By centering our
research on teleoperators' needs, speci cally educators within special education, we contribute critical
literature in SAR research regarding adoptability and implementation. Our studies emphasize how to
improve SAR design for better adoptability through session summary reports, relieving the burden of
evaluation from teleoperators, while also addressing how to enhance implementation processes as more

classrooms and special education teachers adopt SARs in the future.
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CHAPTER 3
STUDY ONE METHODOLOGY

To gain deeper insights into the signi cance of an evaluation tool, such as a session summary report, for
teleoperators, and to understand their speci ¢ preferences regarding its design, we employed an iterative
design methodology. This approach combined design critiques, interviews, and design iterations, followed
by a qualitative analysis of the interview data. Iterative design, a widely embraced approach, involves
creating multiple design iterations through frequent prototyping, testing, and re nement, with the
exibility to revisit and circle back to di erent design stages throughout the process [74, 75].

To facilitate our iterative design approach, we began by creating a preliminary design of a session
summary report based on treatment and lesson plans found online, and based on prior research conducted
by Elbeleidy et al [26]. We then iteratively improved this design, conducting semi-structured interviews
and design critiques with domain experts in between design iterations. The interviews allowed us to learn
more about teleoperator work ow pre-, during-, and post- (therapy or class) sessions. These interviews
were guided by prepared questions on topics like the types of tools, if any, interviewees used to collect data
and analyze sessions, and the types of metrics they used to track and measure progress. These guiding
guestions allowed us to get a better idea of the kind of reporting that would ease the evaluation process.
The design critiques of our intermediary designs (conducted with interviewees immediately after these
interviews) helped us to evaluate our choices of content and visualizations based on comprehensibility,
usability, and necessity. The data collected during these interviews and critiques were then qualitatively
analyzed to help us understand our participants’ needs and to help guide our next design iteration.

We will now provide additional details and methodological background for each element of this process.
3.1 Preliminary Design Development

To create our preliminary design, we leveraged ve key sources.

1. Previous Research: We took inspiration from previous research that recommended reports to

support post-session re ection [26] and behavior analysis [19].

2. Treatment and Lesson Plans: We collected online sample treatment and lesson plans to get a

general sense of the information therapists and educators keep track of.

3. Program Surveys: We collected post-session survey questions from an organization that uses

Peerbots in their interventions with children to inform the type of information a session summary
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report should collect and visualize.

4. Session Transcripts: We consulted transcripts of the use of the Peerbots system by therapists and
educators during the authoring and execution of real sessions. Our goal was to discern the specic
information, if any, that was documented during these sessions, laying the foundation for

understanding the essential elements to be collected and visualized in a comprehensive report.

5. Preliminary Design  We took inspiration from a previous Session Summary Report prototyped
speci cally for the Peerbots platform described by [23]. We did not build directly o of this
preliminary design as it was overly constrained to the current capabilities of the Peerbots platform so
instead we created an initial design that was more universal so our participants could contribute their

expertise without background knowledge of Peerbots.

Figure 3.1 Initial Design for session summary report created before conducting interviews. This report is
meant to summarize the activity after each session. Critiqued by Participant 1.

The resulting design is shown in Figure 3.1. This initial design has 3 key elements.

1. Session Details (Top Left): Here, session identi cation information is shown, including date, start
time, and end time which was inspired by the same session details presented in Elbeiledy's work [23].
Fillable elds for Session Location and Session Topic are also included and were informed by the

Program Surveys we reviewed. These sections allow teleoperators to quickly see which session they
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are viewing and the topic covered. Finally, there is space for teleoperators to add additional elds as

they see t.

. Session Time Chart (Top Right): Here, a graph breaks down the session length according to the
activities conducted with the SAR. This graph was created using metadata collected from a real
session with Peerbots. Each dot represents a button pressed on the Peerbots interface that permits
the SAR to speak. The color of each dot indicates the activity being conducted. The length between
button presses is visualized to help teleoperators identify where the longest pauses occurred. Long
pauses could signal an activity being performed outside the context of the SAR interaction or could
signal extended communication with the child or children. We wanted to visualize this to help
teleoperators remember activities that might have been crucial in the session but for which the SAR
was not used { or which the SAR could not track. This graph was inspired by the Session Details
section presented in Elbeiledy's recommended post-session report [23, 26] but changed to leverage

colors for easy identi cation of the activities being conducted with the SAR.

. In-Session (Middle):  This area captures what happened during a session, and is comprised of

three sub-areas:

(a) Activities (Upper Left): Here, the activities performed through Peerbots are automatically
tracked, along with the duration of each activity. This component was motivated by the
program surveys mentioned above. This subsection also includes llable elds that allow
teleoperators to leave anecdotal feedback and ad-hoc notes. This information is important to
show because it informs the utilization of SARs in therapeutic and educational interventions.
Longer duration of activity with SAR could mean that it's working out well with a child/

children and is an e ective way to engage them.

(b) Buttons Created During Session (Top Right): Here, live \programming" by the
teleoperator (in which new dialogue options are created on the vy) is recorded. By keeping track
of new buttons, this subsection aims to help teleoperators identify options that should be added
permanently to future sessions (an action performed by selecting the \+" icon). This will help
them run future sessions more easily because they have responses ready to use versus having to
spend time authoring them during a session. This section was motivated by the chart in

Elbeiledy's work [23] that shows the buttons created during a session.

(c) Goal Progress (Bottom): Here, teleoperators can record pro ciency reached for each goal.

Goals and pro ciency levels are added by content authors through the Peerbots interface for
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each dialogue option. This subsection also includes llable elds for anecdotal and ad-hoc
feedback. The pro ciency of each child is important to track because this is the main indicator

of progress. By being able to track pro ciency for speci ¢ goals teleoperators can gauge not just
progress but where more intervention is needed. This section was motivated by the program
surveys, online treatment, and lesson plans we reviewed prior. Those three sources emphasized

the need to measure progress for speci ¢ goals.

4. Post-Session (Bottom): Here, a text box is provided where teleoperators can re ect on the session
as a whole, and provide evaluation notes on the child or children's overall progress. This was inspired
by the program surveys, online treatment, and lesson plans we reviewed that enabled therapists and
educators to leave as many notes as possible. This is important because there are things that a SAR
can't track or can't interpret so it's important to leave space for the trained therapist and educator to

summarize the session in their own words.

After creating this initial design, we were ready to begin our iterative design approach.
3.2 Recruitment and Participants

We reached out to forty- ve child therapists and K-12 educators via email. Forty-one of these were
sourced from online school directories, LinkedIn, and Psychology.com's therapist directory. We speci cally
targeted child therapists and K-12 educators because research has shown the bene ts of using SARs with
children in therapy [17] and education [15]. We also reached out to select K-12 instructors with whom we
already had a relationship, to identify other educators who might meet our criteria and be interested in
participating. Finally, we reached out to SAR experts who had previously participated in research with our
lab. From this set of candidates, we recruited ve domain experts, including two therapists, two educators,
and a non-pro t administrator whose therapeutic and educational programs used SARs. This set of
interviewees thus covered multiple distinct perspectives on SARs?? provides more demographic
information such as background and experience with robots or SARs for each of these participants. After

scheduling their interviews, participants were sent consent and data authorization forms.
3.3 Study Procedure

Each session was split into a semi-structured interview and a design critique. The semi-structured
interview enabled us to gather information about the participants' work ows before, during, and after a

session. The design critique was used to get feedback on the content and visualizations of our report(s).
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Table 3.1 Interview Participants

Pseudonym Profession Experience with robots or Recruitment Type
SARs
Participant 1 Non-pro t administrator Yes; Peerbots Recruited from our profes-
sional network
Participant 2 Child therapist None Psychology.com
Participant 3 ~ High-school STEM teacher  Yes, but not as a medium Colleague of personal con-
to teach nection
Participant 4  High-school STEM teacher  Yes, but not as a medium LinkedIn
to teach
Participant 5 Child occupational therapist Yes; Peerbots Recruited from our profes-
sional network

3.3.1 Semi-Structured Interviews

We conducted one-on-one interviews to dive deeper into each participant's experience. All interviews
were conducted and recorded using Zoom. Semi-structured interviews were used to focus on
pre-determined themes while allowing the conversation to exibly expand into other relevant areas [76]. We
prepared a series of questions before the start of interviews, inspired by the treatment and lesson plans we
found online, and by prior research focused on teleoperators of SARs [18, 26]. Collected questions were
chosen to acquire a better sense of each participant's work ow pre-, within-, and post-session. We also
prepared questions to dig into speci c areas of experience that participants might have. Our prepared

guestions are found in Appendix A.

3.3.2 Design Critique

Design critique is a re ective practice used to gain holistic insight into a particular design [77]. This
design method encourages information sharing and uses feedback from stakeholders to infuse important
values into future designs [78]. A signi cant part of a design critique includes analyzing a previously
existing design to produce descriptions of its design considerations while developing a rich contextual
understanding of its e ects [79]. In our design critiques, we asked each participant to provide feedback on
our session summary reports, with speci ¢ attention to their interpretation of the report, what parts of the
report they found valuable, and what additions they would like to see in the report. Later in the process,
as we will discuss in more detail, we created an additional design for a Progress Report that participants
critiqued. Verbal feedback and commentary were recorded during design critiques. As part of this critique,
additional questions were asked to further evaluate our designs for usability, comprehensibility, and

usefulness. These questions are listed in Appendix B.
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3.4 lterative Design and Qualitative Analysis

After each interview, we iterated on our designs by identifying major problems brought up by the
preceding participant. We then updated our designs to address these problems. Our iterative design
process enabled us to work closely with real users to ensure their needs were met. Each iteration provided
new insights for improving our design. After all of our interviews had been completed, we performed a
thematic analysis of those interviews, to identify themes and patterns and develop a deeper understanding
of our results [80].

Following the thematic analysis approach, we rst open-coded the transcripts from all ve interviews.
We labeled participant utterances according to seven key factors: (1) Comments or feedback relating to
session summary reports (why they're important, what metrics do they want to see, etc), (2) Upsides of
SARs in their programs, (3) Downsides of SARs their programs, (4) Role of robots in their programs, (5)
Preparation techniques, (6) Educator-speci ¢ needs, (7) Therapist-speci ¢c needs. After open coding was
complete, we grouped the annotations to better understand the connections between our seven factors

above and the general themes we identi ed.
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