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Abstract

The objective of this thesis encompasses both the development of a novel social robot,
named ”"Maple,” and the examination of its effectiveness in various roles within the con-
text of education and Human-Robot Interaction (HRI). A study was conducted to compare
the efficacy of two common roles that social robots can assume in HRI research concern-
ing learning: as a tutor and as a peer-learner. Individual participants, including university
students and staff, engage in a vocabulary learning task in Esperanto with Maple assuming
either a tutor or a peer-learner role. The research findings indicate participants’ positive
attitudes and perceptions towards both roles enacted by Maple. Usability assessments re-
veal high scores across both conditions, with participants reporting predominantly positive
user experiences. While no significant difference in learning outcomes is observed between
the two robot roles, participants exhibit a 30% increase in quiz completion speed when
interacting with Maple in the peer-learner role, suggesting the peer-learner robot promotes
and fosters meaningful learning. Thematic analysis of participants’ responses underscores
their preferences for increased interaction with Maple as a peer-learner, acknowledgment
of Maple’s capacity for companionship and interactivity, and envisioning practical applica-
tions of such learning systems in real-life settings. The insights obtained from this study
not only contribute to understanding the effectiveness of social robots in educational set-
tings but also offer valuable directions for future research and technology development in
Human-Robot Interaction and Robot-Assisted Language Learning.
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Chapter 1

Introduction

This chapter details the sources of motivation for the research conducted in this thesis, the
research goal and scope, and a thesis overview.

1.1 Motivation

The initial discussions surrounding the thesis topic centered on researching the integration
of social robots with immigrant children to facilitate language acquisition and provide social
support. Within this context, the subsequent exploration of topics such as immigration in
Canada, educational challenges, and the use of digital technologies laid the foundation for
identifying pressing social issues and led to in-field investigations with local communities.
The information collected led to the formulation of the research question and scope outlined
in Section 1.2.

1.1.1 Immigration in Canada

Canada’s population continued to grow older [111], and the fertility rate was below the
population replacement level [112]. Canada faced depletion in the labor force because the
number of seniors aged 65 and older grew six times faster than children aged 0-14, leading
to a lack of replenishment [116]. The shortage in the labor force was also highlighted by
the COVID-19 Pandemic, where job vacancies increased to 80% higher than pre-pandemic
levels in late 2021 [115].



Immigration has been the main cause of population growth in Canada. From 2016 to
2021, immigrants made up around 80% of labor force growth, where more than one-third
(34.5%) of new economic immigrants were selected under one of the skilled worker programs
[114]. This is because close to two-thirds of recent immigrants were of core working age,
and amongst these, an increasing number had pre-admission experience in Canada, and a
large portion of recent immigrants were selected for their ability to contribute to Canada’s
economy |[111].

Governments at all levels and many other non-governmental and community organi-
zations utilized this census information to develop and evaluate immigration policies and
programs, and to plan and implement education, health care, housing, and other services
[114]. This led to the discussion of the motivation for this research.

Due to the surge of new and young immigrants into Canada, the 2016 and 2021 censuses
both showed the highest proportion of recent immigrants aged less than 15 years with
respect to the total recent immigrant population, which was around 20% for both censuses
[113]. From the age pyramid chart of non-Canadian citizens in the 2021 census, those aged
0-4 and 5-9 made up around 1.5% and 4% of total non-Canadian citizens, respectively [117].
UNICEF defines young children as being up to 8 years old, and calls this time period “Early
Childhood,” stating it is critical for cognitive, social, emotional, and physical development
[121]. This shows a potential need to provide better support for immigrant children, such
as the need for learning tools that are more accessible, which social robots can provide, as
they can be used anywhere, at any time, and have updated content.

1.1.2 Quality Education, Digital Technologies, and Robots

Digital technologies are becoming a prevalent learning tool [51]. In an era of increasingly
fast technological development and integration into all industries, the education sector also
witnessed a significant adoption of digital technologies, which created a paradigm shift in
the entire education system [54]. Diversifying and enhancing educational tools became
essential to meet the evolving curriculum and learning environment. Digital technology
also offered the potential to address educational challenges in resource-poor settings [74].

Quality education is a cornerstone of the United Nations (UN) Sustainable Development
Goals (SDGs), aiming to ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all [32]. Variations in the quality of education mainly
between urban and rural areas were prevalent [71, 68, ], with schools in urban areas
generally receiving more government funding and having more resources, while rural schools



faced a lack of resources due to lesser population density and socio-economic challenges
21, 83].

The rise of digital technologies as learning tools, such as mobile devices, smartboards,
massive open online courses (MOOCs), tablets, laptops, and online discussion forums,
has transformed the education system, providing efficiency in terms of immediate learning
environments, faster evaluations, and more dynamic learning [51]. However, the increasing
time spent learning online, especially during mandatory online learning periods like the
COVID-19 pandemic, brought forth concerns.

Social robots, as a novel addition, began to be recognized for their unique ability to
engage and personalize learning in one-on-one interactions [30, 24, 25]. They emerged as a
promising solution, particularly in contexts where human resources were limited or where
they could offer unique interactive opportunities in education.

1.1.3 In-field Investigation with Local Immigration Services

Understanding the specific situation of the local immigrant population was crucial as this
population was anticipated to be involved as informants and/or subjects of the research.
Establishing connections with local immigrant communities and professionals working di-
rectly with immigrants was important to gain firsthand insight into their challenges and
needs.

Investigation and community engagement involved communication and interviews with
local municipality and immigration services, aiming to understand the needs and difficulties
immigrant families faced, with a focus on the learning and transition challenges experienced
by young immigrant children.

A meeting with professionals in the community outreach team at Waterloo Region
Immigration Partnership was conducted in July 2022 to gain insight from those working
closely with newly arrived immigrant families. This meeting provided an understanding
of the challenges immigrants faced and the features a social robot that provides learning
support should have.

The main challenges identified for immigrant families were:

e The COVID-19 pandemic created a delay in the admittance of immigrants, causing
a backup and resulting in prolonged stays in temporary housing, leading to social
isolation for children and difficulties in developing social skills.



e Immigrant children faced challenges in adapting to new school environments and
often felt estranged.

e Immigrant parents struggled to help and connect with their children due to cultural
differences.

e The diverse backgrounds of immigrants, including varying fluency and skills in their
native languages, complicated the learning of a new language.

e Trauma and dislocation experienced by immigrants prolonged their integration and
learning of new skills.

Professionals suggested that a social robot should be developed to help immigrant
children prepare for a new environment and provide social companionship. They also
recommended allowing parents to participate in human-robot interactions to improve the
connection and understanding between parents and children.

1.2 Research Goal and Scope

Building upon the insights gained from the motivational exploration and recognizing the
complexity of Human-Robot Interaction (HRI), it became clear that successful integration
of social robots requires consideration of various components tailored to specific application
needs. Despite inherent limitations, robots can be designed to engage effectively with
humans across diverse interaction contexts.

The original research goal was to develop small social robots to facilitate engaging
interactions with young immigrant children newly arrived in Canada. The aim was to
investigate whether social, interactive robots could support these children in transitioning
to a new environment and becoming more comfortable with the English language, thereby
aiding in overcoming language and cultural barriers. Initially intended as a temporary tool
for early adaptation, these robot interactions were designed to be casual and game-like,
enabling children to learn commonly used English words and phrases essential for daily

life.

However, challenges in recruiting newly arrived young immigrant children and arranging
regular interactions with the Waterloo Region Immigration Partnership arose, mainly due
to their overwhelming backlog and other responsibilities. Additionally, the development
of a working platform for the new social robot was hindered by the absence of a working



simulation, 3D model, or complete example of robot movements in the original product.
Consequently, the user study was conducted with participants recruited from within the
university.

This thesis aims to:

e Develop and test a social robot for use as a learning and companionship tool specif-
ically focusing on language learning activities.

e Investigate the impact of social robots assuming different social roles, comparing a
less investigated role (peer-learner role) to a more common role (tutor role).

The experiment in the user-study aimed to evaluate the robot by gathering participants’
perceptions using standardized measures on user experience, usability, and social attributes,
along with open-ended questions for feedback and assessments for measuring learning out-
comes. Participant backgrounds were also collected to understand the effects of personal
differences on perceptions of the robot and the learning experience. The findings are
expected to provide insights into how social robotics can be integrated into educational
frameworks to support and enhance learning across diverse demographic and geographical
contexts.

1.3 Thesis Overview

The remainder of this thesis is structured as follows:

e Chapter 2: Discusses a literature review on relevant topics/research fields, details in-
formation gathered from background investigation and community engagement about
the target population of this research, and shows the formulation of the research ques-
tion of this thesis. Relevant topics/research fields include robot roles in education,
robot-assisted language learning (RALL).

e Chapter 3: Identifies the knowledge gaps and research question this thesis aims to
address.

e Chapter 4: Presents the design and process of the robot platform development,
including the robot selection, architecture design of the Maple robot, and of the
web application used with the robot.



e Chapter 5: Presents the experimental user study which tests the Maple robot system
and explores and compares the influence of the social role the robot assumes on
participants’ perception of Maple, their learning experience, and learning outcomes.

e Chapter 6: Provides a conclusion of the research and recommended future work.
Supplementary information is included in the Appendices as follows:

e Appendix A: Includes additional specifications and documentation created for the
Maple robot.

e Appendix B: Includes supplementary data from the user study conducted.

e Appendix C: Includes the ethics clearance certificate for the user study conducted.



Chapter 2

Background: Literature Review

2.1 HRI and Social Robotics

This section presents an overview of the research fields of human-robot interaction (HRI)
and social robotics, and summarizes applications of social robots in HRI scenarios.

2.1.1 Overview of HRI

Human-Robot Interaction (HRI) is a multidimensional challenge at the intersection of
multiple disciplines, including psychology, cognitive science, social sciences, artificial in-
telligence, computer science, robotics, engineering, and human-computer interaction [11].
HRI encompasses scenarios where humans and robots coexist, borrowing methodologies
and approaches from other disciplines. The primary objective of HRI is to equip robots
with the necessary skills to enable them to interact with humans. To achieve this, HRI in-
vestigates humans in interaction with robots to enhance the effectiveness and intuitiveness
of robots in HRI [27].

The theoretical background of Human-Robot Interaction (HRI) came from the belief
that as robots become more capable, they will transition from highly structured environ-
ments like factories or hospitals to more unstructured ones such as homes and outdoors
[27]. The importance of HRI has grown due to increased prevalence of robots in everyday
life. When robots were uncommon, ineffective or inadequate interactions could be com-
pensated for by more user training. However, with increased likeliness to encounter robots



in everyday life, effective and adequate interactions between robots and untrained user has
become more important, as these users may never receive specific training[27].

In HRI research, the emphasis lies on the interaction between humans and robots, rather
than solely on autonomous robot behavior [10]. Often in research studies as discussed in
[97], interactions may be created with different ways of robot operation. Commonly in
studies interactions were simulated was using a Wizard of Oz (WoZ) scenario, where a
researcher controlled the robot to achieve desired interactions with participants. Alter-
natively, experiments may have used prerecorded videos of human-robot interactions for
external observation by participants. In the case where autonomous robot was available,
direct interactions of the robot acting autonomously with users were studied. Sometimes,
a combination of autonomous robot behavior and WoZ was used in HRI studies.

The foundational research in HRI came primarily from Human-Human and occasionally
Human-Animal Interaction research in the fields of psychology and cognitive science. For
example, the study of imitation learning in robots drew upon developmental psychology,
using concepts such as tutelage (where a human being guided the attention of a robot or
agent in order to teach it a given concept) [70, 111], and scaffolding (a process in which an
experienced individual assisted a novice to solve a problem or carry out a task) [131, 19]
to enable effective learning from human guidance. Similarly, the development of verbal
communication skills in robots was influenced by psycholinguistics, leveraging elements
like verbal deixis and prosody in speech production and comprehension. Robot controllers
were made to emulate humans’ capacity to identify social cues, including tracking gaze
and interpreting facial expressions of emotion [31]. Experiment analysis in HRI adhered to
established protocols in these fields, and used methods such as questionnaires or objective
coding to evaluate interaction scenarios, including instances of physical contact.

2.1.2 Overview of Social Robotics

In the field of HRI, social robots hold a special role, and are categorized under ‘proximate
interaction’, where humans and robots interacted as peers or companions [55]. Social robots
are designed to interact with humans and operate in human environments with people [32].

While there is no universally agreed upon definition of social robots and no consensus
on what makes a robot social [55], Amongst various definitions analyzed by Sarrica et.
al., [102], it was concluded that social robots can be defined as ”(...) physically embodied
agents that have some (or full) autonomy and engage in social interactions with humans, by
communicating, cooperating, and making decisions. These behaviours are then interpreted
by human onlookers as ‘social’, according to current norms and conventions.” [102]. For
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Figure 2.1: Kismet the First Social Robot

example, Figure 2.1 shows Kismet, a robot head made in the 1990s at Massachusetts
Institute of Technology (MIT) by Dr. Cynthia Breazeal. Kismet was designed to recognize
and simulation emotions for natural and expressive face-to-face interaction with humans.
The Kismet robot is widely recognized as the first social robot in the field [30].

As discussed in Henschel [55], Mejia and Kajikawa [76] identified key clusters that
represent the core knowledge established in social robotics research. The major clusters
in social robotics research are 'robots as social companions’ and "human factors and er-
gonomics in human-robot interaction’. Research trends show most common practical uses
of social robots which are as companions, educators for children, and helpers for the elderly.
This trend was also observed in [132], where interviews conducted with robotics researchers
in both the USA and Japan saw a common perception of social robots as technological
solutions to solve urgent societal problems.

2.1.3 Applications of Social Robots

As explained in reviews by Broadbent [31] and by Maija and Kajikawa [70], the current
landscape of social robotics encompasses a wide array of applications, showcasing the
development and integration of various robot prototypes into real-world settings. These
applications span across healthcare, education, and public services, showing versatility and
potential impact of social robots in different domains.

In healthcare, robots are being developed to address the challenges posed by an aging
population and increasing healthcare demands (Robinson et al., 2014). One notable exam-
ple is Paro, a companion robot designed to provide emotional support and stimulation to
older adults, particularly those with dementia (Robinson et al., 2013). Research has shown
that Paro can reduce loneliness and increase social interactions among users, highlighting
its potential as a valuable tool in dementia care (Robinson et al., 2013).

9



Additionally, healthcare robots such as iRobi and Cafero are being explored for tasks
such as medication management, physical assistance, and companionship (Broadbent et al.,
2014; Orejana et al., 2015). These robots aim to enhance the quality of life for individuals
with chronic conditions or disabilities by providing personalized assistance and support.

In education, robots are utilized for a variety of purposes, ranging from STEM (science,
technology, engineering, and mathematics) education to language teaching and cognitive
development (Mubin et al., 2013). Humanoid robots like Nao are employed as educa-
tional tools to engage students and facilitate interactive learning experiences (Han et al.,
2015). Research suggests that robot-assisted education can enhance motivation, learning
outcomes, and social interaction among students, particularly those from disadvantaged
backgrounds (Han et al., 2015).

Additionally, robots have seen increased deployment as guide robots in public spaces
such as shopping malls and museums for visitor assistance and experience enhancement
(Sabelli & Kanda, 2015). These guide robots provided information, directions, and en-
tertained users, which made for a more interactive and engaging environment (Sabelli &
Kanda, 2015).

Overall, the applications of social robots in healthcare, education, and public services
demonstrate potential of robots to revolutionize various aspects of human life. From pro-
viding companionship and support to older adults to facilitating interactive learning ex-
periences for students, social robots show promise in addressing societal challenges and
improving quality of life for individuals across different age groups and contexts.

2.2 Social Robots in Education

2.2.1 Robot Roles in Education

When used for education, robots can take on social roles such as tutor/teacher (the most
common role), peer, novice to the human learner. As a tutor/teacher, robots provide direct

curriculum support through hints, tutorials, and supervision (e.g., [62, 41]). As a peer,
robots are usually portrayed as the more knowledgeable peer and guides the learner (e.g.,
[11]). As a novice, the learner teaches the robot (e.g., [118]) [25].

Feil-Seifer [17] provided an early insight into the role of robots in education, highlight-
ing their potential in specific instructional domains. It found that robots could be more
effective than humans in certain teaching contexts. Robots have been utilized not only

10



for regular academic instruction but also for teaching social skills, such as imitation, self-
initiation of behavior, and were found to be effective tools in special education, such as
provoking proactive social behavior in children with Autism spectrum disorder [17].

Building upon these earlier findings, Belpame et al. conducted a comprehensive review
that further explores the evolving role of robots in educational settings. Their meta-analysis
reveals that robots predominantly functioned as tutors (48%) and teachers (38%), with a
small proportion (9%) serving as peers or novices [25]. This data indicates that there is a
lot less research into robots assuming peer or novice roles, compared to tutor and teacher
roles.

One of the more notable examples of a peer robot is Robovie, the first fully autonomous
robot introduced in an elementary school, which represents the peer-to-peer interaction
approach in education. Deployed in a Japanese elementary school to assist with English
language learning for first and sixth graders, Robovie demonstrated that some children
improved their language skills significantly. Interestingly, when compared to an otherwise
identical tutor robot, a peer robot like Robovie elicited longer attention spans, faster, and
more accurate responses in learning tasks [130].

However, Belpame et al. noted that the effectiveness of these robot-led teaching strate-
gies for adult learners is yet to be confirmed, suggesting that methods successful with
young children might not directly apply to older learners [25]. Furthermore, Belpame et
al. saw social robots as an integral part of future educational infrastructure, similar to
traditional tools like paper, whiteboards, and tablets. They emphasized that these robots
offered unique personal and social dimensions to learning, potentially transforming and en-
hancing the educational experience by tailoring it to individual learner needs. The authors
also state that use of social robots in education curricula could not only address current
resource limitations in education but may also offload work from human teachers and thus
allow them to focus more on their strengths in providing comprehensive, empathetic, and
rewarding educational experiences [25].

Out of the smaller portion of robots that assumed peer roles, many studies discovered
benefits of peer-based interactions with robots for children, and indicated children preferred
this mode over tutor-based interactions [23, 130, 90].

A notable study by Zaga et al. specifically investigated the effects of a robot’s social
character either as a peer or a tutor on children’s engagement with tasks [130]. In this
study, children of the same age and gender were grouped together and assigned tasks under
two conditions: the peer character or the tutor character. The distinction between condi-
tions was in the robot’s behavior, which varied in gestures, speech, and postures to align
with either peer-like or tutor-like characteristics. The study used the NAO robot, oper-
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ated remotely via a Python script in a Wizard of Oz setup, where a researcher controlled
the robot. The findings were highly significant: children in the peer character condition
not only maintained their focus on the robot and the task for a longer duration but also
completed puzzles more quickly and effectively than those in the tutor character condi-
tion. This research underscores the significance of a robot’s role and interaction style in
influencing children’s engagement and performance in learning tasks.

For adults, investigations into whether peer-based interactions have the same benefits
as tutor-based interactions are very limited, and translating findings from studies with
children to adult learners is unsuitable. Adults may have different expectations from a
robotic peer, potentially due to their more extensive experience in interacting with human
peers and a higher level of maturity and cognitive development than children. These factors
could lead to adults being less receptive to a robot peer.

A notable work that contributed to this knowledge gap is a study conducted by Sa-
lomons et al. which focused on how adults with varying levels of prior domain knowledge
respond to peer versus tutor robots [101]. In this experiment, participants built electronic
circuits with the assistance of an autonomous robot (UReb robot) that either took on a
tutor role or a peer role. The robot’s role was manipulated through its communication
style. In the peer condition, the robot used inclusive pronouns like "we” and "us,” po-
sitioning itself as an equal and collaborative partner. Conversely, in the tutor condition,
it used ”you,” establishing itself as an authority figure. Participants underwent pre-tests
and post-tests to measure the skills acquired and completed questionnaires to share their
perceptions of the robot. The study’s outcomes revealed that all participants improved
their skills from pre-test to post-test. However, a significant difference was found among
participants with lower initial knowledge, who learned more effectively with the peer robot
than with the tutor robot. Interestingly, the peer robot was perceived as more intelligent,
sociable, and friendly across all skill levels. Furthermore, participants felt more respected
by the peer robot compared to the tutor robot.

These findings highlight the potential of peer-like robots in adult education, especially
for those with limited prior knowledge in a given domain. They also suggest that the way
robots present themselves and communicate can significantly impact learning effectiveness
and the overall perception of the robotic instructor.

2.2.2 Robot-Assisted Language Learning

Robots have also increasingly been implemented as tutors in both first- and second-
language education, where more common digital technologies such as instructive virtual
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games, chat programs, tablets, and animated books are being used widely [123]. Robots
have advantages over the aforementioned technologies such as allowing the learner to in-
teract with the real-life physical environment, such as through manipulation of real-life
objects or body movement and gestures, which have been found to benefit children’s vo-
cabulary learning. Another advantage is robots can create more natural interaction than
other forms of technology because of their appearance as humans tend to anthropomor-
phize robots, thus making robots be more likely to be seen as a tutor/teacher, peer over
rather than a machine over traditional digital-technologies such as computers or tablets.
Since the use of a robot would allow for more opportunities for interaction with physical
environment and they are more capable of promoting natural, enjoyable interaction, they
present a significant advantage over traditional computer-aided methods of learning [123].

In a survey conducted by Randall [95], the author looks into research area of Robot-
Assisted Language Learning (RALL), a sub-domain of Robot-Assisted Learning (RAL),
which is defined as the use of robots to teach people language expression or comprehension
skills such as speaking, writing, reading, or listening in native and non-native language
instruction. RAL is an area in social robotics and human-robot interaction (HRI) that
focuses on using robots to assist humans in learning. RAL and RALL focuses on aspects
such as the importance of acceptability by users, the desire for interpretable and safe
interactions, and relationship development. In addition, for RAL and RALL, robots in
teaching or tutoring roles are also to be judged by their efficacy in information transfer.
Therefore, there need to be RAL domain-specific considerations when designing a robot’s
form, speech, and behaviors. Still, RALL incorporates findings from HRI more generally
and can use previous work to guide future areas of study [95]. Findings in RALL can also
be applied to HRI more broadly—such as the novelty effect, which was found by Kanda et
al., one of the first studies on RALL [58]. Thus, findings from HRI and RALL can inform
each other for better research design.

In a summary by Engwall & Lopes [16] on methods in RALL, the author concluded
that robot types, teaching strategies and robot roles should be combined differently to take
advantage of intrinsic characteristics of the robot for the application, and to suit different
learner age groups. The author also concluded that RALL designed for adult learners may
benefit from a combination of 1) a teaching strategy directly related to human—human situa-
tions to increase realism of communication, 2) a robot role allowing learners to be involved
in defining the practice (i.e., mainly using peer, learner, opponent or social companion
roles), and 3) a robot type that allows for the use of human-like verbal and non-verbal
interaction signals and an interaction promoting the learners’ own intrinsic motivation (fo-
cusing on social exchange) rather than extrinsic motivation (focusing on explicit rewards
in the practice). [10].
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Existing teaching strategy methods in human-human situations that may be used with
robots as detailed by [10] included methods such as the practice of specific learning material
which involves audio-visual methods like multimedia-based education (MBE) where images
and words are shown on a screen, and audio-lingual method (ALM) where the learner mim-
ics audio utterances; physical interaction methods such as total physical response (TPR)
method where body gestures which are connected to verbal instructions are performed
to enhance interaction; communication based methods such as communication learning
teaching (CLT) where emphasis is put on encouraging information transfer, fluency and
confidence, rather than structured conversation in practice; role playing strategies based on
task-based language teaching (TBLT) which focuses on establishing a social relationship
between the robot and learner in a presented scenario (e.g., a shop scenario where people
play the customer or shop keeper role); and collaborative language learning (CLL) where
there is peer support in the learning process.

Robot role may be chosen based on the level of learner initiative. Engwall & Lopes
[10] identified five different roles: 1) teaching assistant role which acts as a motivational
enhancement by introducing a novel element in traditional classroom scenarios where a
human teacher is present, 2) tutor role where a robot teaches and interacts with the
human learner without a human teacher, 3) peer, partner, opponent, or tool role where
the robot is presented as having similar knowledge level as the human learner, 4) tutee
role which is defined by Engwall & Lopes [10] as the human learner having to teach the
robot as part of the learning process for the human, and 5) social companion role, where
robot and human learner engages in social interaction to practice. In the case of a teaching
assistant role, Engwall & Lopes [10] rationalized that the robot’s appearance may be more
robot- or toy-like, as the interaction with a robot is expected to be different than with a
human teacher and thus less anthropomorphic features may be an advantage to enhance
the robot’s motivational effect on the human learner. For a tutor robot, the robot must
convince learners that it has a good mastery of the practice material. This introduces
learner age dependent requirements on credibility in appearance and interaction. A similar
logic applies to peer robot as tutor robots, where Engwall & Lopes [16] recommended that
the more realistic the task and more advanced the learners are, the more anthropomorphic
the robot needs to be in appearance and interaction behaviour. For learner robots, the
robot should behave and interact like a less advanced peer, and in terms of appearance, the
more advanced the learning task and human learners are, the more humanoid the robot
should be. For social companion robots, a higher degree of anthropomorphic interaction
is required because the role is based on creating a social relationship from human-human
interaction.
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Chapter 3

Research Question

From the related literature, we found that the peer-learner robot role has been investigated
less than the tutor robot role [25]. In Robot Assisted Language Learning, there are also few
previous works in RALL with adult learners, which means a lack of design guidelines, which
made the design of the robot behavior and tasks very experimental for RALL [16]. It was
concluded by Engwall & Lopes [16] who formulated general guidelines for RALL design,
that combining existing teaching strategy methods that are used in human-human situa-
tions, different robot roles, and different robot types (to take advantage of the appearance
and functions of the robot type) can be done to suit different learner age groups.

Inspired by the study conducted by Salomons et al. [101], [130] and taking into rec-
ommendations for RALL design from [10], this research aims to compare the results and
findings from a user study where a humanoid robot assumes either a tutor role or a peer-
learner role in its interaction with participants in a beginner level language learning activity
that applies teaching strategies from human-human situations. The peer-learner role in
this case is a robot presented as a peer who is also learning from the activity alongside
the human (the human does not teach the robot). The teaching strategy used is one that
combined elements of MBE and ALM to show learning material and have visual and au-
dio to follow and during learning and practice, along with CLL method, where the robot
provides support regardless of its role; using robot roles of tutor and peer which represent
the different conditions being investigated; and a humanoid-like robot to match the tutor
and peer role for adult learners.

Consequently, the aims of this research are to compare the results and findings of a
humanoid robot taking different roles in its interaction with participants in a beginner
level language learning activity. The following research question (RQ) was formulated:
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RQ: "How does the use of a peer-learner humanoid robot in educational
settings influence perceptions related to Human-Robot Interaction (HRI)
and affect learning outcomes?”

This research question was addressed through by the following things done: developed
software that added social interaction functionality to a robot, designed and conducted a
HRI user study and analyzed the results of the study. These are described in the following
chapters.
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Chapter 4

Robot Platform Development

This chapter details how the robot platform used in this research was developed. The
process included the robot selection process, development of the robot control framework
and its integration with the webpage applications which served as a complete platform for
learning applications being investigated in this thesis. Documentation for the robot was
also developed to allow future development, continuous usage and maintenance.

4.1 Robot Selection Process

Robot selection criteria focused on robot specifications such as price, size, appearance,
degrees of freedom (range of movements possible), battery life (and charge time), connec-
tivity and network, computational power, sensors, the ability for third-party development
such as software development kit (SDK), application programming interface (API), and
expandability of hardware and software. A list of robots was compiled and a compari-
son was conducted to make a final decision. The following sections describe the selection
process and final choice.

4.1.1 Robot Comparison and Selection
One of the most important specifications was the size of the robot. Initially, only palm-
sized robots were considered as the child HRI research originally envisioned was to have

a portable robot that children can carry with them, which would allow for more opportu-
nities for child-robot interaction. At the start of this research (Spring 2022), palm sized
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robots commercialized on the market were the EMO by Living Al [3], the Vector 2.0 by
Digital Dream Labs (DDL) [9], and Cozmo 2.0 also by Digital Dream Labs [2], which
were marketed as pet-companion, a companion and assistant, and a companion learning
toy/tool, respectively. Notably, the vector and cozmo robots have been used in research,
such as [91, 56, 39, |. Other larger sized more feature-packed social robots commonly
used in HRI research with education applications were also considered. This included the
NAO by Aldebaran [1], Misty 2 by Misty Robotics [6], MiRo-E by Consequential Robotics
[0], and QTrobot by LuxAlT [1], their sizes approximately close to a baby or young toddler
(35 cm to 60 cm height range). Another robot, the Dr. R configuration of the Engineer
Kit 1 by Robotis [12] was also considered, it is not palm-sized but around the size of a
stuffed toy (23 cm in height). The appearance of each robot is shown in Figure 4.1. The
specifications and features of each robot that was considered are summarized in Table 4.1
and Table 4.2.

After a comparison of robot properties, the EMO robot was eliminated due to a lack of
third-party development software and framework. The Cozmo robot was eliminated due to
a lack of onboard memory and its reliance on storing data in the cloud in the Cozmo mo-
bile application, which would have added unnecessary complications in data retrieval and
data privacy concerns. While the Cozmo SDK is advertised as being readily available for
download, its documentation and downloads for the SDK were unavailable from its official
site, making it unreliable for long-term development. The Vector robot was eliminated due
to production delays [%]. Had there been no delay, it would have been considered more
thoroughly as the research team had prior experience using it for HRI research, and initial
review of its specifications seemed sufficient and suitable. The NAO robot was also elim-
inated due to inaccessibility. The MiRo-E was eliminated due to its animal and pet-like
appearance. The MiRo-E resembled too close to an actual pet animal such that it would be
unsuitable for use in any HRI study where the robot is doing human activities such as be-
ing part of a language lesson as a tutor or as a peer-learner. The QTrobot was eliminated
due to limited sensor features, which rely on extracting information from its 3D depth
camera. This posed a significant disadvantage because in order to have more sensors, a lot
of additional hardware needs to be mounted externally, which can be a negative influence
on the appearance and making it a less attractive choice as there are other comparable
robots with more sensors built in. The Misty robot was eliminated for its low DoF (6
total), which creates a constraint for the types of movements Misty can perform and thus
also limit future development. The size of the NAO, MiRo-E, QTrobot, and Misty were
also still too big for the purpose of this research and was another reason for elimination.
A good middle ground between small size and technical features was found in the Dr.R
robot in the Engineer Kit 1 by Robotis. Dr. R robot has several similarities to QTrobot.
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(a) Emo by Living AI [17] (b) Vector 2.0 by DDL [125] (c¢) Cozmo 2.0 by DDL [7§]

(d) Misty II by Misty (e) MiRo-E by Consequential
Robotics Robotics [57]

(g) Dr. R - Engineer Kit 1 by Robotis (h) NAO by Aldebaran [38]
Figure 4.1: Appearance of robots considered during selection process
Dr.R is nearly 1/3 the size of QTrobot, also has 12 DoF, has third-party development and
expandability, and same battery life. In addition, Dr. R is equipped with more sensors

than QTrobot, such as touch/force, acceleration, gyroscope, and actuator temperature and
voltage sensors. Thus, the robot chosen for use in this research was the Dr. R.
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Engineer Kit 1

Robot EMO Vector 2.0 Cozmo 2.0 Dr. R
Company Living Al Digital Dream Labs Digital Dream Labs Robotis
Vehicle-like Vehicle-like .
Appearance Abstract (Forklift) (Forklift) Humanoid
Height: 23 cm
Palm-sized, Palm-sized, Palm-sized, Width: 23 cm

Size & Weight

Weight: 250 g

Weight: 250 g

Weight: 250 g

Depth: 10 cm
Weight: 0.8 kg

Smart AI-Based

AT Robot Educational Toy Multi-Joint
Product type Al Desktop Pet Companion Robot Educational
Robot Kit
Recommended . Hom.e robot Learn STEM subjects Educat}on, hobby,
Pet companion (Assistant and . entertainment,
use(s) . using Cozmo apps .
companion) competition,
DoF 2 2 2 12
Leg base

Base Mobility

bipedal-like

Wheeled base

Wheeled base

Immobile base

Upper Mobility

Head movement

1 DOF raiseable arm

Raiseable arm

Arms, Torso, Head

Kinetics K02

Computation  CPU 1 x Qualcomm 200 microcontroller, 1 ARM MCU
(no onboard memory)
Wifi, Bluetooth Yes Yes Yes Yes (part of controller)
Microphone Yes Yes Yes Yes (part of controller)
Speaker Yes Yes Yes Yes (part of controller)
Camera 1x2MP, 15 fps 1x 2 MP, 15 fps 1x 2 MP, 15 fps No (Expandable)
Displa Built-in screen Built-in screen Built-in screen Attach any external
play (non-touch) (non-touch) (non-touch) device with screen
Distance, Distance, gisotance, Force,
Drop, Drop, P, Acceleration,
Touch,
Sensors Touch, Touch, . Gyroscope,
. . Acceleration,
Acceleration, Acceleration, . Voltage,
Light Light Light, Temperature
Gyroscope
Hardware Yes (UART,
extensibility "¢ None None USB Ports)
Vector SDK (requires Cozmo SDK,
Development Cozmo Code Lab
purchase), o ROS SDK
Platform / None X : (Android/iOS app),
. information . . (C++, Python, JS, etc)
Architecture . infomation not
not available .
available
xi&vallal?le None None None None
Simulation
Battery life up to 3 hours 30-45 minutes 1-2 hours 4 hours active
(on full charge)
Price (USD) $399.99 $399.99 $499.99 $1,089.00

Table 4.1: Summary of Specifications for Each Robot Considered (Part 1)
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Robot Misty 11 MiRo-E QTrobot NAO
Company Misty Robotics Consequential Robotics LuxAl Aldebaran
Appearance Humanoid Pet-like Humanoid Humanoid

Size & Weight

Height: 35.56 cm
Width: 20.23 cm
Depth: 25.4 cm
Weight: 5 kg

Height: 36cm
Width 34cm
Weight: 3.3 kg

Height: 57cm
Width: 31 em
Depth: 27 cm
Weight: 5 Kg

Height: 58 cm
Width: 31 cm
Depth: 28 cm
Weight: 5.5 kg

Product type

Robotics platform

Robotic device
for education

Al-Powered
Social Robot

Interactive companion,
open programmable
platform

Recommended

Teaching tool,

Academic research

Human-Al

Research, Education,

use(s) Research, and development, Teaching and Healthcare
Development Education, Healthcare = Research
DoF 6 11 12 25
Base Mobility = Wheeled base Wheeled base Immobile base Bipedal

Upper Mobility

Raiseable arm

Head Movement

Arms, Torso, Head

Arms, Torso, Head,
Hand, Fingers, Eyes

1 intel (QTPC),

Computation 2 x ARM MCUs ?S%aspberry Pi 1 Raspberry Pi (QTRP), fg%lﬁzzé:;%
: GPU & accelerator
Wifi, Bluetooth Yes Yes Yes Yes
Microphone Yes Yes Yes Yes
Speaker Yes Yes Yes Yes
Camera Lx 13 MP 2 x HD cameras 1 x 3D camera 2 x 2D cameras
fisheye camera
Display 1(3111101111‘5_ tl(r)luz(ltlr)een Built-in screen 1(3111101111‘5_ tl(l)luzg)een None
Position,
Temperature,
Current,
Touch, Touch, igféﬁss’
Sensors Distance, Position, Depth camera, -
Bump Detection Gyroscope,
’ Acceleration,
Sonar,
Force,
Center of pressure
Hardware Yes (UART, Yes (UART, Yes (UART, Yes
extensibility =~ USB ports) USB ports) USB ports) ’
ROS API
Development  pyppp o prg MDK and AP, (Python, C++, JS), NAOgi API,
Platform / Mistv Studi MiRoCODE Gravhical Studi NAOGi Fr X
Architecture 18ty studio (Blockly, Python), rapiucal Staio A FTAmewors,
(online)
Available - pg Gasebo package  ROS Gazebo pack: N Webots project
Simulation azebo package azebo package one ebots projec
Battery life 9+ hours 6+ hours active, 4 hours 1 hour active,

(on full charge)

124 hours standby

1.5 hours normal

Price (USD)

$3,995 to $4,295

~$3,100 (£2,450)

$10,000 to $16,000

$18,990

Table 4.2: Summary of Specifications for Each Robot Considered (Part 2)
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4.2 About the Maple Robot

The hardware in the Engineer Kit 1 includes one controller, 6 two degree-of-freedom Dy-
namixel X-series actuators exclusive to the kit, one lithium polymer battery, and parts for
assembling a robot in either one of the recommended configurations (Dr.R, SPI, Max-EI)
by Robotis [12], or any custom configuration. This research uses the Dr.R configuration,
which resembles a humanoid robot and allows for a smartphone to be attached as its face
and also can be a medium for displaying content. The robot was given the name ” Maple”,
inspired by the name of Canada’s national tree called the Sugar maple.

4.3 Robot Framework

4.3.1 Robot System Architecture

Figure 4.2 shows the robot system architecture.

In the development of the robot system architecture, the primary goal was to establish a
foundation that not only met current requirements but also allowed for further development
and integration for more sophisticated high-performance robotic applications. The robot
and system was designed with pre-programmed movements and sequence of events which
ran automatically without a human in the loop.

For development, the Robot Operating System (ROS) [26] middleware was used for
its essential tools and libraries for robot software development, which included hardware
control, common functionality, process communication, and cross-platform compatibility.
C++ was chosen for its high performance and extensive library support, which aligned with
our goal of creating a dynamic and scalable system architecture for sophisticated robotic
applications. This combination of ROS and C++ enabled adaptability and scalability, and
ensured the architecture remained relevant for future advancements if needed.

The ROS Noetic distribution was used, it was the latest long-term support version of

the first version of ROS [87], and was chosen for its compatibility with Robotis’s Dynamixel
software development kit [11, 99] and with Ubuntu 20.04 [37].
A Raspberry Pi 4B, was used to house an Ubuntu Server 20.04 LTS [I19] with ROS

Noetic, Dynamixel SDK installed. This handled the computational demands and facilitated
wireless control of the robot through SSH for direct command-line access via ROS, and
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Figure 4.2: Robot System Architecture Diagram

wireless control of Esperanto lesson web application interface using ROS library which
communicated between the robot and web application via ROS also.

The mechanical movement of the robot was driven by Dynamixel X-series Motors/Actu-
ators from Robotis, which were manipulated using the control functions in the Dynamixel
Software Development Kit (SDK).

On the software front, the Dynamixel SDK for ROS was used, it is optimized for C++
integration, and provided a library for controlling and interfacing with the Dynamixel mo-
tors within the ROS ecosystem. Additionally, a GitHub repository maintained by Robotis
offered documentation which were useful for customizing motor controls and programming
specific robotic functions.

USB communication of the robot to other devices was enabled by the U2D2 USB com-
munication converter from Robotis [13], a key interface component between the Raspberry
Pi and the Dynamixel motors. The system’s flexibility in power sourcing is further en-
hanced by the U2D2 Power Hub from Robotis [14], which is equipped with multiple power
connectors and can be connected to either a power supply or an external battery.

This robot system architecture, developed with C++ and ROS, resulted in a scalable
and easy-to-use platform that meets the current current needs and is well-suited for the
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ongoing evolution and integration of more advanced robotic hardware and software frame-
works for research.

4.3.2 Robot Actuator Control API Architecture

Figure 4.3 shows the API architecture for controlling the robot. To control the Dynamixel
actuators of the robot, the ROS was used in conjunciton with the C++ library of the Dyan-
mixel SDK. The SDK functions SyncSetPostion, SyncGetPosition, GetPositon, SetPostion
were used to read and write actuator positions. The actuators can assume positions in the
range 0-4095 and need to be converted to degrees for easier understanding during robot
movement and gesture design and development, equation 4.1 shows the conversion that
was found after rounds of testing and documenting joint positions. Joint limits of each
actuator also needed to be tested in the current robot configuration to prevent collisions
between different parts of the robot hardware. Table A.1 in the appendices summarize the
zero position, rotation plane, position range limits and positive orientation of each mo-
tor, and corresponding joint number of each actuator in the Unified Robotics Description
Format (URDF) file used for simulation, which were found from several rounds of testing.

4095

360 (4.1)

(Posemotor) = (P0s€qeq) X

Robot

Signal Converter Module Control Module

1202 Power Hib Boerd
L - e

U2D2 Power Hub & USB ROS & Dynamixel SDK
Qynamlxel Actuatory \ Communication Converter / \ On Ubuntu )

Figure 4.3: Robot API Architecture Diagram
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4.4 Web Applications for Robot Face, Content Dis-
play and User Interface

Two web applications were made, one which displayed the Maple robot’s face, and one
which acted as a user interface and also displayed content. The web applications were
made using React [7] which is a Javascript library that served as a framework for building
user interfaces, and the ROS Javascript library which allowed networking with the physical
robot. The React webpage application included the following components: app framework
and ROS client libraries, resources (ex. images, audio), networking protocols for ROS, state
and time variables that control if a resource is being displayed or played and coordinates
what happens in the app. The integration of the two web applications with the Maple
robot is shown in Figure 4.2.

4.5 Documentation for Maple Robot

Documentation was developed for servicing and operating the robot (turning on the robot
and bringing it online (i.e., connecting network and to ROS and starting scripts); the
start-up procedure; operating procedure; shutdown procedure; all related maintenance
information; and safety information. All this documentation can be found in the safety
operation procedure (SOP) document for the Maple robot, the full document can be found
in Appendix A.
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Chapter 5

User Study: Language Crash Course
with a Robot

This chapter is a publication submitted to International Journal of Social Robotics (SORO)
in February 2024.

5.1 Hypotheses

The following hypotheses are formulated for the study done in this research to address the
research question (see Chapter 3):
H1: Participants will have higher quiz scores when robot assumes a peer learner role.

H2: Participants will take less time to complete the quiz when the robot assumes
peer learner role.

H3: Participants will perceive the robot in a peer learner role more positively (e.g.,
higher warmth, lower discomfort, higher competence).

H4: The robot assuming a peer learner role will yield higher participant ratings in
terms of usability and user experience.
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5.2 Methodology and Design

This study took a between-participant design where one of two conditions, Tutor robot
condition (T) and Peer-learner robot condition (P) was assigned to each participant. The
rest of this text may refer to the conditions as Tutor condition and Peer condition, or T
and P, respectively. The experiment consists of each participant learning 12 vocabulary
words in Esperanto in the presence of Maple the robot (which assumed a different role
depending on the condition), using a tablet to display the learning material and answering
practice problems.

5.2.1 Study Recruitment

Participants were recruited from within the university which can include students, staff, and
faculty. Recruitment methods included putting up posters across the university campus
and advertising in a university wide digital newsletter that is delivered via email. A
remuneration of 15 Canadian dollars was given to participants upon completion of the
study, which took up to one hour for each participant. Inclusion criteria included that
the participant’s age must be 18 years of age or older. In post-processing of the data,
participants were either excluded due to technical issues during the experiment or because
they had prior experience with Esperanto.

5.2.2 Experiment Procedure, Design and Materials

Across both experimental conditions (Tutor (T), or Peer (P)), we ensured that the robot
had the same voice in terms of tone, pace, and pitch. The behavior of the robot varied
across conditions as it assumed different roles. The lesson content and teaching content
were the same across both conditions. The entire study for each participant took 30 minutes
and up to 1 hour. The following sections explain the experiment design in detail.

Study Procedure and Setup

The study procedure is as follows and figure 5.1 shows the study space, equipment layout
and flow. The procedure of the study and experiment is as follows. For each item of the
procedure, the experimenter told the participant what component was being completed and
helped the participant navigate to the corresponding location within the study space. While
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the participant completed each component, the experimenter waited in the ”experimenter
idle area” shown in Figure 5.1.

10.

11.

. Briefing: The participant is welcomed and is given a run-down of the general steps

in this study by the experimenter.

. Pre-experiment component: The participant signs a consent form and completes

pre-experiment questionnaires on a computer at the survey table.

Start of the experiment: Participant moves to the experiment table, sits down, and
is prompted by the experimenter to press ”Start Lesson” to start

. Robot introduction: Once the ”Start Lesson” is pressed, the robot ”activates” (goes

from resting to awake mode) and greets and introduces itself and its role to the
participant (robot dialogue for role identification in T: ”"Hello, I am Maple, your
tutor for this lesson...”, in P: "Hello, my name is Maple... today I am also here to
attend this lesson.”)

Background on Esperanto: depending on the condition either the robot or tablet
provides a brief background on the origins of Esperanto

. Esperanto Lesson: Teaching occurs (depending on the condition either the robot or

tablet is the teacher and the robot is either a peer or tutor) and practice problems
are administered. The robot says goodbye to the participant at the end of the lesson.

End of the experiment: After the lesson ends, the experimenter tells the participant
that the experiment has ended and asks the participants to move to a computer at
the survey table to complete the post-experiment components.

. Post-experiment component: Participant moves back to the table with the computer

and completes questionnaires.

Quiz: After completing the post-experiment questionnaires, the participant com-
pletes the quiz and is given a maximum time limit of 15 minutes.

Debrief: The Participant is provided a detailed explanation of the motivation and
significance of this experiment, and the applications and potential uses of the results
of this experiment and future development.

Remuneration: The participant is issued remuneration (15 Canadian dollars) for
completing the study.
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5.2.3 Robot Behaviour Design

Movements Design

In Belpaeme et al. (2020), the focus on gesture and movement speed highlights that
full body posture and movement are key in communication, just like facial expressions.
Postures help in deciphering emotional states; slow movements, drooping shoulders, and
lethargic gestures typically indicate a downcast mood, while rapid movements and upright
posture signal a positive attitude [22]. In light of this, the design of robot gestures in
the study was intentionally brisk, complementing an always upright resting posture. This
approach was adopted to reflect a positive demeanor, aligning with the understanding that
physical expressions are integral to effective non-verbal communication.

Robot Behavior - Gestures

A total of 8 gestures were created for the robot and were used in both conditions. The
gestures are waving with a single arm, raising both arms over the head, raising both arms
to shoulder height and flipping forearms out to indicate a question, bringing both hands
together (i.e., clapping), gesturing/pointing with a single arm (right or left), nodding and
tilting forward of torso, head tilt (left or right). Due to the robot’s placement on the table
in the peer-learner robot condition, a rotation of the robot’s torso was added and paired
with the gestures because the interaction between the robot and participant required the
robot to orient itself such that it was facing the participant during an interaction. Table
5.1 shows the gestures implemented for the robot in the experiment.

Robot Behavior - Facial Expressions

4 Facial expressions of the robot were used and include neutral, smiling, sad, and resting
face shown in Figure 5.2a, 5.2b 5.2¢, 5.2d. All animated and the fully animated expressions
can be seen in the demonstration videos. In all facial expressions except the resting face,
the robot’s eyes are blinking, whereas the resting face shows the robot’s mouth opening and
closing to indicate it is sleeping (i.e., resting). Only four expressions were chosen because
each can represent a range of emotions depending on the immediate context. Different
contexts are made by coupling different gestures and dialogue, and also on the type of
activity in the lesson (such as teaching, practice pronunciation, or practice problems).
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Category Movement Meanings and Uses
Clapping, indicate happiness, celebration,
beat gesture, illustrator gesture

Bring both hands together

Pointing with one arm Draw attention to something,
Arm . L
(left or right) deictic gesture
Single-arm wave Greeting
Raise both arms overhead Indicate happinefss, (.:elebration,
general communication gesture
Raise both arms to shoulder Indicate a question
and flipping both forearms out 1
Tilt head Indicate question, attention, curiosity,
Head (left or right) idle movement, beat gesture
Nod Indicate agreement, acknowledgement

Tutor condition only:

. used in conjunction with gesture to
Torso Tilt forward show robot iJs looking at pfrticipant’s
response to practice problem
Peer-learner condition only:

Rotation used to move robot such that
(left or right) robot faces participant where
there is an interaction

Table 5.1: Summary of Robot Gestures Created For Esperanto Lesson

The neutral face is used to show the attention of the robot, e.g. during ‘listening’,
‘thinking’, or generally speaking. It is the default facial expression used during the exper-
iment. It is used by the robot in the following cases: 1) When the tutor robot is teaching
or providing instructions during the lesson, 2) When the robot is not moving or speaking
during learning, pronunciation, or practice problem activity in the lesson (e.g. listening or
waiting for the participant or a new lesson).

The smiling face is used to represent happiness and excitement. It is used by the robot
in the following cases: 1) when teaching the word goja (happy) to illustrate the word, 2) to
encourage the participant during pronunciation, 3) as a reaction when a practice problem
is answered correctly by the participant, or 4) when the robot is making remarks during
the lesson.

The sad face can represent sadness and feeling apologetic. It is used by the robot in
the following cases: 1) When teaching the word malgoja (sad) to illustrate the word, 2)
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as a reaction when a practice problem is answered incorrectly by the participant, or 4)
when the robot is making remarks saying that it does not know the answer to a practice
problem.

The resting face is used in two specific cases: 1) It is used to show the robot is in a
resting state which occurs at the start of the lesson where the robot activates in response
to the participant clicking on the start button, and at the end of the lesson when it returns
to resting mode after saying goodbye to the participant. 2) It is used when teaching the
word dormu (sleep): the tutor robot would display this face when it teaches the word, and
the peer-learner robot would show this face when it pronounces the word.

ot — -~
® O ® @
— N 4

(a) Neutral Face of Robot (b) Smiling Face of Robot

o\
8/
(
K

T — C—

(c) Sad Face of Robot (d) Resting Face of Robot

Figure 5.2: Robot Facial Expressions

Robot Behavior - Voice and Dialogue

The voice of the robot was generated using the Justin voice from Amazon Polly Text-to-
Speech standard voices [110]. The Justin voice is US English and sounded semi-robotic,
with human-like intonations, which we thought matched the mechanical appearance of the
robot. The voice also sounded mature and adult-like which we thought matched the age of
participants that we expected since we recruited from the university. A US English accent
voice was chosen because the study is taking place in a Canadian university and there was
no suitable voice with Canadian English that was found. Matching the age of the robot’s
voice to the participants’ expected age range was important as the robot would assume
either a tutor or peer-learner role, both of which require a voice that is not perceived
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as juvenile (details about the conditions will be discussed in Section 5.2.4). The robot
used the same voice in both conditions. A pre-determined set of dialogue was written and
generated, and the generated dialogue was saved as audio files and played back as part of
the web application.

Designing the robot’s dialogue that distinguished between robot roles involved using
different tones of voice and different pronouns. The full dialogue can be seen in the demon-
stration videos included in the supplementary files. The tutor robot role uses an informative
tone of voice, which is instructive and more formal, and its dialogue involves the delivery
of lesson content, guidance on how to complete the practice problems, and statements of
encouragement after the participant answers each problem. The peer-learner robot role
uses a casual tone of voice and its dialogue involves making comments during the lesson,
sharing its thoughts or inquiring the participant what the answer should be for practice
problems, and making statements of encouragement or acknowledgment that it was wrong.
The peer-learner robot’s comments during practice problems include suggesting the correct
answer, suggesting the wrong answer, or saying it does not know what the answer is.

5.2.4 Learning Activity - Esperanto Lesson

Language Selection and About

To create as much uniformity between participants proficiency of the learning subject at
the start of experiment, the language Esperanto was chosen, as there is very little use
and adoption of it (the number of Esperanto speakers in the world is estimated at around
100,000), and thus highly likely that participants have never heard of or have had any
experience learning this language.

Esperanto is artificial language constructed in 1887 by L.L. Zamenhof, a Polish oculist,
and intended for use as an international second language. Its words were derived from roots
commonly found in the European languages, particularly in the Romance languages. The
source languages that Esperanto vocabulary was derived from includes Dutch, German,
French, and Italian [33].

Learning Content
The lesson plan (which is the experiment) consisted of two different components, a vocab-

ulary teaching component and a multiple-choice practice problem component. The lesson
was divided into sub-sections based on topic, where each sub-section consisted of teaching
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vocabulary words of a certain topic, followed by practice problems for the words that had
just been taught. The vocabulary teaching component had the following structure: an in-
troduction of a word in Esperanto, an explanation in English of its definition and origins,
an example pronunciation of the word in Esperanto, and finally a prompt for the partici-
pant to pronounce the word. The multiple choice practice problem consisted of questions
with three choices as potential answers to choose from. There were two types of multiple
choice questions, one where the answer choices showed different words, and the second type
where the answer choices played short audio clips with the pronunciation of the word.

The lesson was split into 4 topics: 1) greetings, 2) objects and locations, 3) emotions,
and 4) activities. A total of 12 vocabulary words were taught. Table 5.2 below illustrates
the categories and words taught.

The Esperanto lesson content was displayed to the participant using a touchscreen
tablet. In the tutor robot condition, the tablet only showed the lesson content because the
robot was teaching, whereas in the peer-learner condition, the tablet delivered the teaching
portion of the lesson since the robot was a peer-learner. Consequently, the tablet also had
a voice, which was generated using David voice from Microsoft Speech API [1241]. The
David voice is a US English voice and is semi-robotic and adult-like, it was chosen because
these qualities were suitable for instructing the Esperanto lesson with the expected age
range of the participants. Figure 5.3 shows the structure of the Esperanto lesson for both
conditions.

Vocabulary Category | Esperanto Vocabulary | English meaning
saluton hello
Greeting adiall good-bye
bonan matenon good-morning

atitomobilo car

Objects and Locations biciklo bicycle
domo house
gimnazio gym

Emotions goAj 2 happy
malgoja sad

studi study
Activities mangi eat
dormu sleep

Prefix mal- opposite of

Table 5.2: Vocabulary taught in Esperanto lesson
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Tutor robot asks the
question and waits for the
participant to answer
using the tablet

1. Start:
Participant Taps
"Start Lesson""
M Bution. 61®)
Peer-learner robot asks user to False
try pronuncing the vocabulary
3. Intr word (either suggest it tries
LU to lesson: 4. 5. Teach a first, or participant tries first), 7. Are all
AF!IVa(ES and rundown and Introduce vocabulary tablet then says to continue the voabulary words in
introduces [—»{ . s [ ; < . lesson ic # cov 2
itself to introduction to topic # in word in topic opic # covered
. Esperanto lesson #
participant o
6.2(T)
Tutor robot asks participant to True
try pronuncing the vocabulary
word, then continues the lesson
after waiting for 4-6 seconds
9.1 (P) False False
Peer-learner robot makes
a remark to the particiapnt
8.A pr:'iclice' about what they think of 10. Rol?ot makes a 13. Finish lesson:
prc'uhlem in topic the question, then waits for r'ea‘ctmn to the l!. Are all e
s snorgiand the participant to answer pamclpa!n Racriie pmc.tlce pl.'oblems Tru topics in lesson True»| ending statement
read out loud (by using the tablet answer is revealed in topic # el and says goodbye
tablet in P, robot (By the robot in T; by covered? % to participant
in T) tablet in P)
9.2(T)

14. End:
Robot goes into
resting mode, tablet
screen shows

""end of lesson"

Figure 5.3: Esperanto Lesson Flow Chart

Learning Interface

The learning interface contains all learning content for the Esperanto lesson and is shown
on a separate touch-screen device from the robot in the form of a webpage application.
The web application uses React and JSX language for the application, and ROS libraries
to synchronize and communicate with the robot actuators through ROS bridge server.

The purpose of the learning interface is to display Esperanto vocabulary words with
graphics to represent each word, and for participants to complete practice problems with.
Thus the interface is designed to take touch inputs. It indicates where it can take input
from the participant by an explicit statement on the screen ” Click on one of the blue boxes
to submit an answer.” (see subfigure (a) in Figure 5.4 or ”To hear the choices, click on one
of the blue boxes, to submit an answer, click on one of the orange boxes.” (see subfigure (b)
in Figure 5.4), and verbally communicating this information via either the robot (in the
tutor condition) or via both tablet and robot (in the peer-learner condition) on different
occasions. The interface acknowledges that it received touch input by changing the color
of the buttons.
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Goja

Dogs are known to like sticks a lot. This dog What was this boy doing before getting
carrying a large stick seems very...? distracted?

P>

- Bonan :
: Malgoi
(b)

Click an ane of the blue boxes to submit an answer,

Figure 5.4: Learning Interface of Esperanto Lesson: (a) Learning interface when teaching
a word during the Esperanto lesson. The Esperanto word to be learned is goja (happy),
displayed above a picture illustrating ‘being happy’. (b) Word recognition practice prob-
lem during Esperanto Lesson. (c¢) Pronunciation/Listening practice problem during the
Esperanto lesson

Figure 5.4 is an example of how a vocabulary word is presented on screen when it is
being taught (by either the robot or tablet itself, depending on the condition), where the
screen shows the Esperanto word being taught and a graphic representing the word. Audio
dialogue accompanied the visuals on screen so it was decided to keep the visuals simple
and not include other text or additional graphics. Subfigures (a) and (b) in Figure 5.4
show examples of a practice problem with buttons showing different possible answers and
also for the user to tap to submit their answer. At the end of the lesson, an ending page
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is displayed to visually indicate to the participant that the experiment has ended. The
demonstration videos show how users use the interface.

Experiment Conditions

The experiment consists of two different conditions, the tutor robot condition (T) and the
peer learner robot condition (P). Figures 5.5a and 5.5b show the experiment setups for T
and P conditions respectively. Given that in each condition the robot assumed a different
role, the conditions differed in the following aspects: 1) Who/what delivered the lesson to
the participant, 2) Occasions where the robot interacted with the participant, 3) How the
robot introduced itself at the start of the experiment 4) How the robot said goodbye to
the participant. Robot’s behavior differed according to the mentioned differences.

In the tutor condition, the robot delivered the lesson and interacted with the participant
on occasions when teaching or instructions were given, the behavior of the robot was to
convey and suit the tutor role.

In the peer-learner condition, the tablet (that also functioned as the learning interface)
delivered the lesson, and the robot interacted with the participant at practice components
in the lesson.

Videos of the tutor robot’s behavior and interaction with participants can be found in
the supplementary material.

(a) Tutor Robot Condition Setup (b) Peer-Learner Robot Condition Setup

Figure 5.5: Setups of Robot and Tablet in the two experimental conditions.
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Tutor Robot Condition

In the Tutor Robot condition (T) the robot assumes the role of a tutor and delivers the
lesson to the participant while the tablet shows the lesson material, as shown in Figure
5.5a. The robot introduces itself indicates its tutoring role and uses dialogue that teaches
and guides the participant on the lesson content. The placement of the robot is behind
and elevated higher than the tablet to mimic a typical classroom environment where the
teacher is usually in front of the student.

Peer Learner Robot Condition

In the Peer Learner Robot condition (P) the robot assumes the role of a peer learner who
is also learning, alongside the participant, as a novice. Figure 5.5b shows the experiment
setup where the tablet in this condition is showing the lesson material and is also delivering
the lesson (in condition T, the robot is delivering the lesson). The tablet speaks with
a unique voice (different from the voice of the robot), to help participants differentiate
between the two voices. When the robot introduced itself at the start of the experiment,
it explained its role to the participant by stating that it was also attending the lesson.
Throughout the lesson, the robot initiated interaction by turning toward the participant
and directly addressing the participant during the pronunciation of vocabulary words and
practice problem activities. During pronunciation practice, the peer-learner robot is pre-
programmed to either: 1) suggest the participant try pronouncing first, wait for 4-6 seconds
(depending on the length of the vocabulary word), and then say that it is now its turn,
and then proceeds to pronounce the word, or 2) tell the participant that it will try first,
proceeds to pronounce the word, then tells the participant it is their turn, and then waits
for 4-6 seconds (depending on length of the vocabulary word). Afterwards, the lesson will
automatically continue.

5.3 Measures

Both quantitative and qualitative measures are collected in this study through online forms
using the Qualtrics platform [941] which the participants completed on the ‘survey table’
with a computer, shown in Figure 5.1. This section describes the measures and metrics
used, which were administered using online forms before and after the experiment.
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5.3.1 Pre-experiment measures: Participant Demographics

Participant demographics data was collected including age, gender, occupation (student,
faculty or staff), department (of study or work), language familiarity, and personality traits.
For age and gender, a text box was provided for participants to complete. For the occu-
pation, department, and language familiarity fields, multiple choice options were provided
for participants to pick from and also included an ’other’ choice for them to write down an
alternative option that was not listed. The language familiarity options included languages
that were borrowed and used in the creation of Esperanto (i.e., source languages including
Dutch, French, German, and Italian) and other languages which will be categorized by its
language family [31] in post-processing and data analysis. To measure personality traits,
the Ten-Item Personality Inventory (TIPI) is used for measuring the Big-Five Personality
Traits of participants [52]. The demographic data was collected to investigate if the two
participant groups in the two experimental conditions were comparable.

5.3.2 Post-experiment measures: Participant Experience and Per-
formance Assessment

Section 5.3.3 provides a summary of all the measures used post-experiment, and Section
5.3.4 provides details of each measure.

5.3.3 Summary of Measures Used

Standardized surveys were used to measure participant’s experience. The Robot Social
Attribute Scale (RoSAS) [37] to obtain three attributes (competence, warmth, and dis-
comfort); the User Experience Questionnaire (UEQ) [67, | was administered, which is
commonly used to measure the User Experience of interactive products where the resulting
scales of the questionnaire cover pragmatic (goal-directed) or hedonic (non goal-directed)
aspects of the experience. These aspects are represented by six scales rated on a scale of
-3 to +3: Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation, and Novelty;
the System Usability Scale (SUS) [35] was administered to measure the usability aspects of
our learning system developed for this study. Based on the literature, a SUS score above 68
would be considered above average and anything below 68 is below average [35]. Custom
open-ended questions requesting written feedback was also administered to participants.
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5.3.4 Details of Measures Used

TIPI Survey

The TIPI is a commonly used in social robotics and HRI research [22] and serves as a very
brief measure of the Big-Five personality domains when there are time constraints, it is
a self-reported survey that asks the participant to rate themselves on the level they agree
with ten statements applied to themselves [52]. Figure 5.6 shows the TIPI survey in its
entirety.

Here are a number of personality traits that may or may not apply to you.
Please write a number next to each statement to indicate the extent to which you
agree or disagree with that statement. You should rate the extent to which the pair
of traits applies to you, even if one characteristic applies more strongly than the
other.

Disagree Disagree Disagree Neither — Agree a  Agree Agree
strongly moderately a little agree nor little moderately strongly
disagree
1 2 3 4 5 6 7

1 see myself as:
Extraverted, enthusiastic.
Critical, quarrelsome.
Dependable, self-disciplined.
Anxious, easily upset.
Open to new experiences, complex.
Reserved, quiet.
Sympathetic, warm.
Disorganized, careless.
Calm, emotionally stable.
___ Conventional, uncreative.

IS B o o

Figure 5.6: Ten-Item Personality Measure Items

UEQ Questionnaire

The UEQ questionnaire [67, | shown in Figure 5.7 is used to measure the user experi-
ence of interactive products in terms of six scales: Attractiveness, Perspicuity, Efficiency,
Dependability, Stimulation, and Novelty which describe either pragmatic (goal-directed)
or hedonic (non goal-directed) aspects. The UEQ questionnaire consists of 26 items, each
item is a pair of opposing attributes, where the user picks which attribute their experience
aligns more with, and the degree of alignment (neutral alignment is also possible). Each
pair of opposing attributes corresponds to one of six scales and are mapped to the six
scales in post processing and analysis. The UEQ scales are scored on a range of -3 (most
negative) to +3 (most positive). Thresholds to interpret the standard deviations of UEQ
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scales was derived from the analysis of a large sample of UEQ studies. Three thresholds
were defined, where high agreement corresponds to a standard deviation of scale below
0.83, medium agreement corresponds to a standard deviation of scale between 0.83 and
1.01, and low agreement: standard deviation of scale above 1.01 [100].

Participants are given the prompt: ”For the assessment of the experience you just had
with the robot, please fill out the following questionnaire. The questionnaire consists of
pairs of contrasting attributes that may apply to the experience you just had with the
robot. The circles between the attributes represent gradations between the opposites. You
can express your agreement with the attributes by ticking the circle that most closely
reflects your impression.”

1 2 3 4 5 6 7
annoying O© O © O O O O enjoyable 1
not understandable © O © O O O O understandable 2
creatve O O O O O O O dull
easytoleaan O O © O O O O difficult to learn
valuable O© © © O O O O inferior 5
boring O O © O O O O exciting 6
notinterestng © O © O O O O interesting 7
unpredictable © O © O O O O predictable 8
fast © O O O O O O slow 9
inventve O O O O O O O conventional 10
obstrucive O O © O O O O supportive "
good O O © O O O O bad 12
complicated © © © O O O O easy 13
unlkable © O O O O O O pleasing 14
usual O O © O O O O leading edge 15
unpleasant O O © O O O O pleasant 16
secure O O O O O O O notsecure 7
motivatng © O O O O O O demotivating 18
meets expectatons O O O O O O O does not meet expectations 19
inefficient O O © O O O O efficient 20
clkar O O © O O O O confusing 21
impractical O O © O O O O practical 22
organized O O © O O O O cluttered 23
attractive O O O O O O O unattractive 24
fiendy © O O O O O O unfriendly 25
conservatve O O O O O O O innovative 26

Figure 5.7: User Experience Questionnaire (UEQ) Survey Items

Descriptions of each scale are as follows, in each description, the word product is a
general term and in the case of this reearch refers to the overall system participants used
in the experiment (Maple robot and learning system). The attractivenesss scale measures
users’ overall impression of the product (i.e., Do users like or dislike it7). The items be-
longing to attractiveness scale are: annoying / enjoyable, good / bad, unlikable / pleasing,
unpleasant / pleas-ant, attractive / unattractive, friendly / unfriendly.
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The perspicuity scale measures how easy it was for the user to get familiar with the
product and learn how to use it. The items belonging to perspicuity scale are: not under-
standable / understandable, easy to learn / difficult to learn, complicated / easy, clear /
confusing.

The efficiency scale measures the degree to which the user was able solve their tasks
with the product without unnecessary effort. The items belonging to efficiency scale are:
unpredictable / predictable, obstructive / supportive, secure / not secure, meets expecta-
tions / does not meet expectations.

The dependability scale measures the degree in which the user feel in control of the
interaction? Items belonging to dependability scale are: unpredictable / predictable, ob-
structive / supportive, secure / not secure, meets expectations / does not meet expectations

The stimulation scale measures how exciting and motivating it was for the user to
use the product? The items belonging to stimulation items: valuable / inferior, boring /
exiting, not interesting / interesting, motivating / demotivating.

The novelty scales measure how innovative and creative the user thinks the product
is. Items belonging to novelty scale are: creative / dull, inventive / conventional, usual /
leading edge, conservative / innovative.

RoSAS Questionnaire

The Robot Social Attribute Scales (RoSAS) questionnaire, created by Carpinella et al. in
2017 [37], measures factors which influence the public’s perception of social robots, which
are "warmth,” ”competence,” and ”discomfort” also referred to as the social attributes of
the robot. The items which constitute each RoSAS scale are listed in Figure 5.8. Partic-
ipants evaluated the Maple robot on its social attributes after completing the Esperanto
lesson by rating each item on a 7-point Likert scale ranging from 1 (strongly disagree) to
7 (strongly agree). The questionnaire is presented as asking the participants this question
”Using the scale provided, how closely are the following attributes associated with the
robot in this study? 1 = not at all, 7 = very much so.” with the items listed.

Quiz - Testing Recall and Recognition

After participants completed the post-experiment surveys, a quiz that combines recall and
recognition tests is administered to objectively assess learning outcomes in participants.
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[ Competence | Warmth [ Discomfort ]
Reliable Organic Awkward
Competent Sociable Scary

Knowledgeable Emotional Strange
Interactive Compassionate Awful
Responsive Happy Dangerous
Capable Feeling Aggressive

Figure 5.8: Robot Social Attribute (RoSAS) Scale Survey Items

Recall involves producing an answer from memory (such as fill-in-the-blank), and recog-
nition involves identifying the correct answer from a set of options or identifying correct
statements (such as multiple-choice questions and true/false questions) [36]. Recall tests
are often considered more challenging and are thought to encourage deeper learning and
understanding, while recognition tests are more frequently used in standardized testing en-
vironments due to their objective nature and ease of scoring [36]. Three types of questions
were used in the quiz: 1) fill in the blank, where the participant needs to fill the word or
pre-fix being asked for in Esperanto; 2) multiple choice, where the correct Esperanto word
must be chosen, and 3) True/False regarding a statement given. The quiz questions are
shown in Figure 5.3.

Open-Ended Questions

Two open-ended questions were asked,

1. What were some things regarding anything in this study that you took notice of? It
can be positive, neutral or negative.

2. What could be done to improve this experience with the robot?

The objective of asking these questions is to gain insight into participants’ perceptions
and expectations of their experience with the robot, which can not be captured in numeric
ratings collected from standardized surveys.
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QL | means hello in Esperanto.

Q2 | means goodbye in Esperanto.
Choices: Adieu / Adiau / Adiait / Adeau
Q3 "Mi amas _____", means "I love to sleep” in Esperanto.
Choices: Dormio / Dormu / Domus / Domo
Q4 | means ”house” in Esperanto.
Choices: Dormio / Dormu / Domus / Domo
Q5 "Mi volas _____ ” means "1 want to eat” in Esperanto.
Choices: Mangiare / Eten / Manger / Mangi
Q6 | _____ means "car” in Esperanto.
Choices: atutomobilo / automobile / automaton / atitobuso
Q7 goja means sad in Esperanto.
Choices: True / False
Q8 | means ”study” in Esperanto.
Q9 | means "gym” in Esperanto.
Choices: Gymnasium / Gymnase / Gimnasio / Gimnazio
QL0 | means ”bicycle” in Esperanto.
Q1L | means ”good morning” in Esperanto.
Q12 | _____ is a prefix used to indicate the opposite of a word in Esperanto.

Table 5.3: Esperanto Vocabulary Quiz

5.4 Data Analysis Methods

Prior to statistical analysis, post-processing of raw numerical data collected from surveys
was done according to procedures specified by each standardized survey. The resulting
numerical scales for each survey are summarized in Table 5.4.

Source of Numerical Resulting Scale
Data
TIPI survey 1 (low in trait) to 5 (high in trait)
RoSAS survey 1 (not at all in attribute) to 7 (very much so in attribute)
UEQ survey -3 (most negative) to +3 (most positive)
SUS survey 0 to 100 (>68 is above average)
Esperanto Quiz 0 (zero marks) to 12 (full marks) points

Table 5.4: Resulting scales for numerical data obtained from post-processing
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5.4.1 Statistical Analysis

Anderson-Darling test [10] was conducted to check that the data collected is normally
distributed. After checking for normal distribution, two-sample t-Tests [79] are conducted
on the data.

If no significant departure from normal distribution was found in the data (i.e., p values
are greater than 0.05, which fails to reject the null hypothesis and concludes that the data
is normal) [10], this means a t-Test can be used [128] to check for uniformity in participant
demographics across all conditions, and to compare results from measures and assessments
collected in the experiment.

The type of t-Test conducted is the two-sample t-Test [79] with p value of 0.05 (5%
significance level) which is appropriate for this experiment design of two conditions. In
addition, the two-sample t-Test was chosen for its greater robustness than the Pearson
system over an extensive practical range of distributions, and it was found that for an
equal-sample size, the two-sample t-Test is quite robust with respect to departures from
normality [93]. Posten’s finding justifies the use the two-sample t-test as it decreases
concerns about the normality of data of the measures that were used in this study.

5.4.2 Thematic Analysis

Participants’ written answers to the two-open ended questions were analyzed using the
six-step Thematic Analysis (TA) method developed by Braun and Clarke (2006) [29].
Answers to both questions were analyzed together in the same TA because the questions
are interrelated, and participants’ answers often informed and/or referenced each other.

A fine-grained analyses approach was taken to define a single data unit for coding, this
means participant responses were segmented into individual lines which represents one
data unit instead of treating the whole response from a participant as one data unit [33].
Codes (labels assigned to data units of text) were then generated from the segmented data.
A theme was accepted if at least 20 codes related to it across all conditions. Exceptions
to this rule were made if the number of related codes was close to 20, or the theme is
significantly related to the research questions and hypotheses of this study [29].

After creating a coding frame, evaluating the intercoder reliability (ICR) of a coding
frame is frequently recommended as good practice in qualitative analysis. ICR is a nu-
merical measure of the agreement between different coders regarding how the same data
should be coded and is appropriate when categorizing data at a nominal level (e.g., the
presence or absence of an emotion) [38]. ICR is recommended as it promotes consistency
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and transparency of the coding process, and provides confidence that specific efforts were
made to ensure the final analytic framework represents a credible account of the data [35].

Evaluating the ICR first requires a second coder who will conduct the coding process
of TA and create codes for 20% of all data, which is then used to evaluate the ICR. The
second coder is usually another researcher who is independent from the research team to
minimize potential bias in coding. Afterwards, the ICR can be calculated using one of the
existing statistical tests developed. [$8]. In this research, 20% of the data was taken by
generating 10 random numbers from 1 to 50, each number corresponding to the response
of an individual participant, the second coder was another researcher in our research group
who was not involved with this research other than as an independent second coder.

Statistical tests developed for evaluating ICR currently include Cohen’s kappa [75],
Krippendorff’s alpha [65], Scott’s pi [109], Fleiss’ K [18], Analysis of Variance binary ICC
[96], and the Kuder-Richardson 20 [103]. This work uses the Cohen’s kappa to quantify ICR
as it is the most commonly used and should be used when there are 2 coders. A Cohen’s
kappa value of 0 or less indicates no agreement, 0.01-0.20 as none to slight, 0.21-0.40
as fair, 0.41— 0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1.00 as almost perfect
agreement [75]. A Cohen’s kappa indicating almost perfect agreement between coders is
the aim.

5.5 Results

secStudyResults A total of 50 participants were included in the study after exclusions
due to technical issues (2 participants), or participants having had prior experience with
Esperanto (2 participants). Participants were recruited from the university. Participants
were assigned to conditions to balance for male/female gender. There was 1 participant
who identified as non-binary. There were 24 participants in the tutor robot condition and
26 in the peer-learner robot condition.

Statistical results are reported to the nearest tenth as it is recommended to report one
decimal more than the measured data [53]. Statistics reported are either in the form of
mean and standard deviation (sd) in round brackets, or median and inter-quartile range
(IQR) in round brackets.
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5.5.1 Quantitative Results

Participant Demographics

Participant background demographics (gender, age, occupation, home faculty (of study or
work), and language familiarity (with either the source languages of Esperanto or other
languages) are shown in Table 5.5, Table 5.6, and Figures 5.9, and 5.10. For age, the
mean and standard deviation is reported. For gender, counts for each gender category
are reported. For occupation, counts for undergraduate, graduate, staff and faculty were
reported. For department, counts for all six departments in the university were reported,
with a seventh category labeled 'N/A’ for participants who did not belong to any faculty.
The six faculties are Applied Health Sciences (AHS), Arts (ARTS), Engineering (ENG),
Environment (ENV), Mathematics (MATH), and Science (SCI).

Language familiarity results were separated into language familiarity with source lan-
guages (SL) of Esperanto (i.e., Dutch, French, German, and Italian) and familiarity with
other languages (OL) (separated by language group). Figure 5.9 shows the distribution of
participants’ familiarity based on either OL only, both SL and OL, or SL only. Figure 5.10
shows the distribution of participants’ familiarity with each source language. Participants
can have familiarity with multiple source languages so the sum of participant counts for
each condition in Figure 5.10 can exceed those in Figure 5.9.

The mean age in years for condition T was 23.3 (sd= 5.0) and for condition P was 22.6
(sd=2.8). The occupation and faculty distributions show predominately students (46 total
- 24 Undergraduate students, 22 Graduate students), and mostly being from the faculties
of Arts (11) or Engineering (20). The gender distribution shows more female participants
than other genders (32 Female, 17 Male, 1 Other).

Participants in the tutor condition had greater familiarity with the source languages of
Esperanto (i.e., Dutch, French, German, and Italian) in comparison to participants in the
peer condition. For the peer condition, participants’ familiarity with other languages was
higher in comparison to the tutor condition.

Participant Personality Traits

Figure 5.11 shows the self-reported Big Five personality traits of participants in each
condition. The ratings for each trait is as follows: Agreeableness (Tutor: Median=4.5
(IQR=1.3), Peer: Median=>5.0 (IQR=2.0)), Conscientiousness (Tutor: Median=>5.0 (IQR=2.3),
Peer: Median=4.5 (IQR=1.5)), Emotional Stability (Tutor: Median=5.0 (IQR=1.5), Peer:
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Demographic Tutor Robot Condition

Characteristic
mean sd
Age 23.3 5
Male Female Non-binary
Gender . 17 0
Oceupatio Undergraduate  Graduate Staft Faculty
Hpation 7 16 1 0
D tment AHS ARTS ENG ENV MATH SCI N/A
CPATHIEL 0 9 11 0 1 1 2

Table 5.5: Tutor Robot Condition Demographic Characteristics of Participants

Demogra[?hlf: Peer-learner Robot Condition
Characteristic
mean sd
Age (years) 922.6 2.8
Male Female Non-binary
Gender 9 16 1
0 . Undergraduate Graduate Staff Faculty
ccupation 18 4 4 0
D ¢ ; AHS ARTS ENG ENV MATH SCI N/A
epartmen 0 4 11 1 2 4 4

Table 5.6: Peer-Learner Robot Condition Demographic Characteristics of Participants

Median=4.5 (IQR=1.5)), Extraversion (Tutor: Median=4.3 (IQR=1.8), Peer: Median=4.0
(IQR=1.0)) Openness to New Experiences (Tutor: Median=>5.0 (IQR=1.5), Peer: Me-
dian=4.5 (IQR=1.5)). A statistically significant difference was found in the Conscien-
tiousness trait of participants between the two conditions (p=0.0384) where participants
in the peer condition rated themselves lower than participants in the tutor condition. No
significant difference between the two conditions was found for all other personality traits.

RoSAS Social Attribute Scales

Figure 5.12 compares the participant’s perception towards the Maple robot between the
two conditions in terms of the three social robot attributes Competence, Discomfort, and
Warmth. The ratings are as follows, Competence (Tutor: Median=>5.6 (IQR=0.7), Peer:
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Figure 5.11: Big Five Personality Traits of Participants Comparing Experimental Condi-
tions, with * representing p<0.05. Dots represent outliers.
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Median=4.5 (IQR=2.5)), Discomfort (Tutor: Median=1.8 (IQR=0.7), Peer: Median=2.0
(IQR=1.1)), Warmth (Tutor: Median=>5.1 (IQR=1.8), Peer: Median=4.7 (IQR=1.5).

The Competence attribute of the tutor robot was rated significantly higher (p=0.00086)
than the peer-learner robot, where the tutor robot received a high score and the peer-learner
robot received a moderate score. No significant difference was found in the Discomfort
attribute between the tutor and peer-learner robot, where both conditions received low
scores. There was also no significant difference found in the Warmth attribute between the
tutor and peer-learner robot, where both robot roles received moderately high scores.

RoSAS
7_
. E—
I

5_
o 4 - Condition
8 _— & Peer
W3- — | B Tutor

2- 1 p— | —
) == | —

Compétence Discomfort Warmth

Robot Social Attributes

Figure 5.12: Social attributes of the Maple robot for each condition. *** indicates p<0.001

UEQ Scales

Figure 5.13 compares the participant’s user experience of the overall system (the robot
and the learning interface) for both conditions in terms of six scales attractiveness, de-
pendability, efficiency, novelty, perspicuity, and stimulation. The ratings for each scale are
summarized in Table 5.7. No significant differences in UEQ scales between the T and P
condition were found, however the p-value for the efficiency scale was 0.0551, very close to
the threshold value of p<0.05.

20



Tutor Peer
UEQ Scale Median IQR Median IQR

Attractiveness 2.1 1.2 1.9 1.0
Dependability 1.9 1.0 1.8 0.9
Efficiency* 1.3 1.0 0.5 2.1
Novelty 1.4 1.0 0.8 1.7
Perspicuity 2.3 1.0 2.3 0.9
Stimulation 1.5 0.6 1.1 1.8

*Efficiency p=0.0551 almost < 0.05

Table 5.7: Median and IQR (Inter-Quartile Range) Results of UEQ Scales for System

UEQ
3. — _I_ _I_ .
] —r —r 0.0551 i

2_

1-
a = - Condition
S 0 , E Peer
15 . . — E2 Tutor

1 —— L]

- - —

-3-

Attractiveness Depenaabi\ity Effici.ency I\Iov'e\ty Persp.uicuity Stimulation

User Experience Scales

Figure 5.13: Boxplots of UEQ Scales for System

SUS Usability Score

Figure 5.14 shows the usability scores given by participants to the whole learning system
(robot and tablet). No significant difference was found in the scores between the two
conditions. For the tutor robot condition, the average score is M=83.5 (SD=13.7) and
Median=85 (IQR=19.3). For the peer-learner robot condition, the average score is M=78.9
(SD=13.1) and Median=82 (IQR=17.5). For both conditions, the average, median, and
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25% quartile ranges for the SUS scores are above the average benchmark of 68. This shows
that in general, participants found the system in both conditions to have above average
usability:.

SuUs

80-

70-

60-

50- —_—

Score

40-
30-

20-

Peer Tutor
Condition

Figure 5.14: Usability Scores of Robot in Each Condition Rated by Participants

Quiz Results

Figure 5.15a and 5.15b show participants’ total quiz scores and quiz duration (i.e., time
taken to complete quiz) for each condition. While no statistically significant difference was
found between scores across conditions, the performance of participants in the peer-learner
robot condition was better than that of the tutor robot condition where the median quiz
scores were 0.5 points higher, and the mean score was 0.3 points higher. A significant
difference of p<0.001 was found in the time participants took to complete the quiz, where
participants in the peer condition took significantly less time where comparison of median
test duration showed 30% faster completion times (24% faster times for the mean).
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Quiz Scores Quiz Duration
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Condition Condition
(a) Quiz scores. (b) Quiz duration (15 minute limit).
Peer: Median=10 (IQR=2), Peer: Median=1.84 (IQR=0.8),
Tutor: Median=9.5 (IQR=2), Tutor: Median=2.64 (IQR=1.5),
No significant difference found. % indicates p<0.001.

Figure 5.15: (a) Quiz scores and (b) Quiz completion time for each condition

5.5.2 Qualitative Results
In total 50 sets of written feedback were acquired for each open-ended question, each re-
sponse for a question was treated as one data unit and codes were developed and associated

to each response when the content of the response was related to a code. Therefore, one
data unit (response) can have multiple codes and themes associated to it.

ICR Agreement

The Intercoder Reliabilty (ICR) [88] was evaluated using the Cohen’s kappa (as stated in
Section 5.4.2). The observed linear weighted Kappa value is 0.87 (0.8655), indicating there
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is almost perfect agreement between coders as it is greater than 0.8. This means that any
future interpretation in the thematic analysis done by the first coder is objective and would
match with the interpretation of the other independent coder (2nd coder).

Thematic Analysis Results

Four themes were identified from participants responses to the two open-ended questions.

Table 5.8 summarizes the themes identified in each condition of the experiment. The
following sections detail the findings on each theme.
Themes Subthemes Tutor Robot Peer-learner Robot All
(T) (P) conditions
1.1 Facial Expressions 5 21% 3 12% 8  16%
;r.uiFifsi’clev[:; %rgf)r;i 1.2 Movement and Gestures 8 33% 5 19% 13 26%
1.3 Voice and Speech 5 21% 9 35% 14 28%
Total number /percentage of participants whose response 18 5% 17 65% 35 0%
relates to face, movements and voice of robot
2.1 Perception of Robot Behavior 8 33% 12 46% 20 40%
2. Interaction 2.2 Robot Awareness, Capability, and Effectiveness 3 13% 5 19% 8 16%
with Robot 2.3 Desire for More Interaction Opportunities 8 33% 12 46% 20 40%
2.4 Engagement with Robot 6 25% 11 42% 17 34%
Total number/percentage of participants whose response 25 104% 40 154% 65 130%
relates to interaction with robot
3. Overall 3.1 Technology Acceptance 10 42% 5 19% 15 30%
System/Technology 3.2 Robot Role and Contribution 1 1% 6 23% 7 14%
Total number/percentage of participants whose response 11 46% 11 42% 22 44%
relates to overall system/technology
4.1 Pronunciation Discrepancy and Inaccuracy 6 25% 4 15% 10 20%
4. Ezzzinto 4.2 Learning Experience 8 33% 2 8% 10 20%
4.3 Add Customization and Expand Scope 5 21% 2 8% 7 14%
Total number/percentage of participants whose response 19 79% 8 31% 27 54%

relates to Esperanto lesson

Table 5.8: Summary of Themes Identified in Participant Response to Open-Ended Ques-

tions

Theme 1 Face, Movement and Voice of Robot

55 participants made comments regarding their impression of the facial expressions, move-

ments and gestures, and speaking voice of the robot.
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Subtheme 1.1 Face of Robot

12 participants commented on the robot’s face. Positive comments expressed finding the
facial expressions of the robot pleasant and welcoming. Negative comments expressed find-
ing the robot’s eye blinking being slow, and that facial expressions are sometimes repetitive
which creates discomfort.

“My first thought was how cute and approachable to robot’s 'face’ looks once you start
interacting with it. (P)”, “The repeated face gestures of the robot was engaging but also
a bit creepy. (T)”.

Subtheme 1.2 Movements of Robot

26 participants commented on the robot movements. Positive comments included move-
ments being human-like, expressive and friendly, with certain gestures of the robot making
participants feel encouraged and motivated. Negative comments included some robot move-
ments being rigid or slow, unexpected, excessive, and/or distracting. A few commented on
too much noise from motors while robot was moving.

“The hand gesture and movement of head of robot is good, it makes this more interac-
tive and motivating. (T)”, “too much movement in short spans can be unnerving at times.
(P)”

Subtheme 1.3 Voice of Robot

14 participants commented on the robot’s voice and speaking. 3 participants indicated
they liked the robot voice, and 7 participants found the voice too robotic and would prefer
a more human-like voice, and 5 participants’ comments suggest increasing talking pace.

“voice of the robot was really soft and friendly which made me trust him/her more
(T)”, “I think the voice of the robot was very robotic, if it can be replaced with a more
natural voice then it might become more interactive. (T)”.

Theme 2 Interaction with Robot

71 participant responses had comments related to interaction with the robot. This theme
describes perceptions of the interaction participants had with the robot. 5 subthemes were
identified.

Subtheme 2.1 Perception of Robot Behavior

18 participants commented on their interaction with the robot leaving an impression or
emotional impact, where 10 and 12 out of 18 participant responses held positive and neg-
ative connotations, respectively. Positive comments included . Negatives included feeling
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interaction was inorganic, and decreasing willingness to pay attention to robot.

“I noticed that the robot gave a lot of “human” sort of reactions, such as it responded
to me “okay”, it “talked” in a pretty natural way as well which helped me feel more
comfortable. (P)”, “I thought the robot’s speech was a little slow ... but I thought it was
a little slow as it did it (facial expressions) ... I noticed I was starting to get impatient
waiting for the robot to complete the gesture (T)”.

Subtheme 2.2 Robot Awareness, Capability, and Effectiveness
8 participants made comments related to participants’ impression of robot’s self-awareness,
capabilities and effectiveness relating to the Esperanto lesson.

“The most prominent feature about the robot was its awareness of when the presenta-
tion was finished speaking and when to speak. It also spoke quite clearly ... Although the
robot was engaging when it spoke, I felt that it often did not provide much support when
answering questions ... It seemed to struggle to accurately recall words and I learned
to mostly ignore its suggestions when answering questions. (P)”, “The positive things I
noticed about the study was the interactive nature of learning a new language with the
robot. The quiz paired with a somewhat human-like learning experience with the robot
made my learning more engaging. (T)”.

Subtheme 2.3 Desire for More Interaction Opportunities
20 participants expressed wanting more interaction in more situations and/or suggesting
changes to increase the quality of interaction with the robot.

“That would be nice if I could shake the robot’s hand, I wanted to do this every time it
was moving. (T)”, “(add) more sociable components, Maple as a companion encouraged
learning, but only seems as valuable when the user would prefer not to learn alone (P)”
Subtheme 2. Engagement with Robot
17 participants made comments related to how much they engaged with the robot. Partic-
ipants were not given the research area’s definitions for terminology such as engagement
and interactive. These words, when used in participant responses, were interpreted by
authors as referring to the same thing (engagement), and thus the authors assumed the
use of words such as engagement and interactive to mean the same. Out of the 17 partic-
ipants, 11 participants expressed interaction with the robot was engaging, enjoyable, and
human-like, while responses from 6 participants indicated there was less attention paid to
the robot or lack of engagement between the robot and participant.

"The positive things I noticed about the study was the interactive nature of learning
a new language with the robot. The quiz paired with a somewhat human-like learning
experience with the robot made my learning more engaging. (T)”, ”The facial expressions
and movements were very engaging as it made it feel like speaking to an emotional being
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rather than a computer. I felt that the robot was more than just code and motors - it
certainly felt closer to speaking to a human than I expected. (P)”

Theme 3 Overall System/Technology

Subtheme 3.1 Technology Acceptance
15 participants expressed a positive experience and attitudes of satisfaction and acceptance
towards the technology (robot & tablet learning system) being used for learning.

“I have a positive experience. The robot is a great invention for studying a new lan-
guage. It looks creative (T)”, “It was fun to have someone learning the language alongside
me. (P)”.

Subtheme 3.2 Robot Role and Contribution

7 participants’ responses included comments that expressed less attention paid to the robot,
feeling the robot does not support learning, and that modifying the robot’s behavior to
provide more guidance would have made it more useful learning-wise.

“if we can somehow integrate the screen with robot so that there is only one way to
interact with robot, that would be better. As the focus for most of the time remained on
the screen only, rather than the robot. (T)”, “In my opinion, the robot in its current state

does not add much to the learning process and just serves more as a companion than a
helper. (P)”.

Theme 4 Esperanto Lesson

Subtheme 4.1 Pronunciation Discrepancy and Inaccuracy

19 participants commented on the pronunciation discrepancy between the tutor robot
teaching and when the pronunciation audio played, and the inaccuracy of the peer-learner
robot’s pronunciation to the pronunciation audio played. Responses suggest providing
pronunciation of vocabulary in the robot’s voice (from T) and making the robot pronounce
the words better (from P) would improve the learning experience.

“The negative things I noticed was the inconsistency in the robots voice when saying
the words in another language (T)”,“I took notice of the fact that the robot speaks the
Esperanto words with an English accent. Since my native language is a romance language,
I think my pronunciation in Esperanto was better than his in general. This made it a bit
boring for me, but maybe for a native English speaker this would be relatable instead.
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(P)”.

Subtheme 4.2 Learning Experience

11 participants commented on the pace, difficulty, interface, and learning components of
the Esperanto lesson. Responses indicate most feel the lesson pace is too slow, there is split
opinion on difficulty level between too easy and appropriate, and some find instructions
confusing when doing practice problems.

“I found the questions in the lesson to be somewhat too easy and it made the lesson
feel slow/boring as it went on. (P)”, “It went at a pace that was slow and easy to follow,
though it could be because the words were easier and close to languages I already know.
(P)”.

Subtheme 4.3 Add Customization and Expand Scope

8 participants suggested adding customization options such as difficulty level, captions,
ability to repeat things, and adding more learning components such as spelling, writing,
listening practice and feedback for user performance.

“Iimplementing different methods of learning a word, spelling, listening & selecting (P)”,
“It would be interesting to get feedback from a robot about my pronunciation.(T)”.

5.6 Discussion

5.6.1 Revisiting Hypotheses

H1 Participants will have higher quiz scores when robot assumes peer learner
role

The analysis of the data shows no significant difference in the quiz scores between conditions
which means H1 is not supported.

A few reasons could explain why no statistical significance difference was found. Firstly,
the scope of the Esperanto lesson was limited to a set of beginner level vocabulary words,
and the difficulty level of the Esperanto lesson was either at a comfortable level or too
easy according to thematic analysis of participant responses (see Section 5.5.2). This is
also reflected in the high quiz scores across both conditions (see Figure 5.15a). Thematic
analysis also identified that some participants felt that in the lesson the tablet was suffi-
cient and the robot was not needed for knowledge acquisition but rather served better in
terms of companionship and encouragement (see Section 5.5.2). Thus, it can be argued
that due to these reasons, learning results would not be significantly different depending
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on the role the robot assumed. Secondly, the practice problems were of the same type as
the majority of the quiz questions (multiple choice). Thus, participants had more practice
in recognizing the correct word during the lesson and were prepared for that portion of
the quiz, resulting in high scores. Thirdly, in the quiz, 8 out of 12 questions were multiple
choice, which tested recognition, and 4 of 12 questions were fill-in-the-blank questions,
which tested recall. Recognition type questions are easier than recall type questions since
recognition memory requires less brain activity (i.e., less cognitive load) than recall [30].
Since the majority of quiz questions tested recognition, the cognitive load was relatively
light.

H2 Participants will take less time to complete the quiz when the robot as-
sumes peer learner role

A significant difference was found in the amount of time taken by participants to complete
the quiz, whereby participants in the peer-learner robot condition completed the quiz 30
percent faster than those in the tutor robot condition 5.15b. Thus, H2 is accepted. This
might be explained as follows.

Since quiz scores were very similar in both conditions, faster quiz completion times in
condition P could indicate more meaningful learning occurred in participants who learned
with a peer-learner robot. Meaningful learning is defined as ”the acquisition of new mean-
ings. New meanings, conversely, are the end-products of meaningful learning. That is, the
emergence of new meanings in the learner reflects the prior operation and completion of a
meaningful learning process” [20], which occurs when the learner is ”actively and willfully
trying to achieve a cognitive goal, they think and learn more because they are fulfilling an
intention.” [126]. The cognitive goal may not be initially expressed by the learner, but it
must be accepted and adopted by the learner in order for learning to be meaningful, this
is because when learners evaluate their learning in terms of their intentions, they under-
stand more and are better able to use the knowledge that they have constructed in new
situations” [20]. From this definition, the intention and cognitive goal in the participant
potentially was cultivated by the peer-learner robot’s remarks during the practice prob-
lem part of the lesson (either suggesting the correct answer, saying it does not know, or
suggesting the wrong answer), and may have had the effect of prompting the participant
to further critically reflect on the question and create a cognitive goal to actively retrieve
learned knowledge. This can be seen in the following quotes from written responses of
participants in the peer-learner condition, "I liked that the robot tried to lead you to the
wrong answer on occasion. Keeps you engaged and critically thinking. (P)”, and ”The
robot tries to fool you sometimes (P)”. Active retrieval based learning was argued to
enhance meaningful learning [59]. This may have resulted in a deeper consolidation of
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learned knowledge, making them more assured of their answer. This might explain why it
took participants in the peer-learner condition significantly less time to complete the quiz
with the same scores while obtaining similar scores to participants in the tutor condition.

H3 Participants will perceive the robot in a peer learner role more positively
(e.g., higher warmth, lower discomfort, higher competence)

From the calculated RoSAS scales, no significant difference was found in Warmth and Dis-
comfort towards the robot between conditions, however, the Competence of the robot was
rated significantly lower in the peer condition than in the tutor condition. This means that
based on our data H3 is not supported.

H4 Robot assuming peer learner role will yield higher ratings in usability and
user experience from participants

No significant differences were found in the SUS scores and UEQ) scales between the two
conditions. This means that in this study H4 cannot be supported.

5.6.2 Implications of Robot’s Role

The statistical results provided a solid baseline understanding of the system’s usability,
the robots’ perceived social attributes, and the overall learning effectiveness. However,
the thematic analysis added depth, revealing specific areas for improvement of the system
and nuanced perceptions that vary among participants. This variance could have been
influenced by a combination of demographic characteristics (such as age, occupation, and
faculty) and personality traits, which shape individuals’ preferences, expectations, and
perceptions. For example, participants’ age, field of study or work, and personalities could
influence how they perceive and prefer different robot roles, forms of interactions, and
learning structures in a language learning setting.

Regarding age and occupation, nearly all participants were students either in under-
graduate or graduate studies. Being a student might imply that participants are more
accustomed to a certain format of learning.

In terms of the distribution of participants across faculties, with Engineering and Arts
being represented more than other faculties in the tutor condition, and a more diverse fac-
ulty representation in the peer-learner condition, could mean that participants’ technolog-
ical proficiency, exposure, and learning preferences could have influenced their perception
of the robot’s competence and the system’s usability.

The above-average SUS scores in both conditions suggest good usability, but the the-
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matic analysis provided insight that participants desired more natural interactions and
expressed specific preferences for robot movements and voice. This suggests a gap be-
tween overall usability satisfaction and specific interaction preferences, possibly influenced
by individual personality traits or demographic factors. For example, participants from
technology-oriented faculties might have higher expectations for robot movements and
voice, affecting their perception of the system’s efficiency and novelty.

The tutor robot’s higher competence social attribute ratings from the RoSAS align
with comments on its authoritative and knowledgeable presence from thematic analysis.
In contrast, the peer-learner robot’s moderate competence score might reflect its role as a
companion rather than an authority, as indicated by qualitative feedback.

5.7 Conclusion

In conclusion, this study found that while there was little to no difference in standard-
ized metrics for participants’ self-reported perception towards the robot, participants who
learned with a peer-learner robot were able to complete the knowledge assessment (Es-
peranto quiz) 30% faster than participants who learned with a tutor robot. This result
might indicate that the robot assuming a peer-learner role promoted more meaningful
learning in participants. This finding is important because it informs the direction of fu-
ture development for the Maple robot and for RALL with adult learners. This study also
found from participants’ written feedback that understanding the complex interplay be-
tween demographic factors, personality traits, and participant feedback is vital for refining
human-robot interaction in educational settings. It is crucial not only to assess whether
the robots and systems are generally usable or effective, but how different types of users
perceive and interact with these technologies based on their unique characteristics and
individual preferences. This understanding can inform more personalized and adaptive
educational robots, leading to more effective and satisfying learning experiences.
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Chapter 6

Thesis Conclusion

6.1 Summary of Contributions

The research makes a significant contribution to the field of HRI by developing software
for robot hardware, which implements new functionality into an existing robot and thus
creating a new social robot. This robot software is designed to be versatile and adapt-
able, making it useful for a wide range of projects in HRI. By developing this new robot
platform, the research opens up possibilities for addressing important social needs like
providing companionship, supporting education, and assisting in various interactive set-
tings. Additionally, the platform serves as a valuable tool for researchers, giving them a
standardized framework to conduct experiments and studies in HRI.

The research culminated in a paper submitted to the International Journal of Social
Robotics (SORO). Furthermore, positive response to the developed robot platform was
evident from informal showcases to elementary school students as well as a user study that
involved university students and staff (see Section 5). Feedback from these interactions
showed that people are interested in the Maple robot and see potential in this new robot
platform for learning applications. This feedback confirms Maple robot’s usefulness for
future HRI projects and applications. Overall, the research not only advanced knowledge
in HRI but also layed groundwork for practical applications that can benefit society, which
may include applications in language learning and more learning contexts.
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6.2 Follow-up with Local Immigration Services

A meeting with the team at Reception House of Waterloo region [15] was scheduled (later
in Winter 2024 term) to present the Maple robot, its features, and results of the " Language
Crash Course with a Robot” user study see 5 for the purpose of continuing discussions on
the interaction design with immigrant children (the original target population of this re-
search, see Section 1). Part of the plan was to open a discussion to include the professional
at outreach and immigrant families in user-centered design with expert advice such that
there can be continued development of the Maple robot for HRI targeted for the original
research goal (see Section 1). Initial communications with the Waterloo Region Immigra-
tion Services and Reception Housing before the meeting were positive and they showed
significant interest and enthusiasm towards this research project.

On March 6th 2024, we successfully met with the team at Reception House and dis-
cussed with professionals / experts who work with immigrant families at the Waterloo
Region Reception House about the biggest challenges the immigrants they work with en-
counter and to brainstorm how we can collaborate to apply our research project and Maple
robot to try to help immigrant families with their challenges. The outreach team was shown
emonstration videos shown to them of the Maple robot in each condition (tutor robot con-
dition, peer-learner robot condition) of our “Language Crash Course with a Robot” user
study (see Section 5) and was asked to answer a set of questions (see Section 6.2) to un-
derstand whether the Maple robot that was developed and the learning system is seen as
a potentially helpful tool for immigrant families that they work with. The set of question
are as follows:

1. What are things you liked or disliked (or have comments) about each condition in
terms of teaching a language?

2. Do you think such a system, if adapted to teaching English, could be useful for
immigrant children?

3. What ages of immigrant children do you think this robot and learning system would
be suitable for? Can speak on varying levels of suitableness (which ages most suitable,
which ones maybe not, and reasoning behind that).

4. Which condition (i.e., robot role) would you think is better for use with immigrant
children?
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5. A considerable amount of university student participant feedback found the lesson too
easy. Given that the participants were all at least university students or older/more
experienced, do you think this difficulty level is good for children? Or is it also too
easy and it should start with higher difficulty than this?

6. From participant feedback, there were comments on wanting the robot to 1) interact
even more with the participant and react more to the participant’s behavior, and 2)
integrate more learning components such as practice spelling, feedback on pronunci-
ation, and more grammar. Do you think this would be something good and which
do you think is more important?

7. There was also participant feedback that the robot’s behavior and the lesson pace
are too slow, or some movements are repetitive and can be boring (sometimes off
putting) do you think immigrant children would also feel that way? Why or why
not?

8. What features do you think should be added to the current system that would really
be useful for children (that was not observed or suggested by participant feedback
mentioned earlier)?

The professionals’/experts’ at Reception House responses to our questions and feedback
for the Maple robot platform was as follows:

In response to the questions about the language teaching system and its adaptation for
immigrant children (Questions 1 and 2), Reception House expresses positive views about
the visual engagement provided by the robot. They believe that the robot’s engaging
and friendly appearance could effectively hold the attention of children, particularly those
who may have faced challenges in traditional learning structures due to their background as
refugees. They also see potential benefits in using the robot to teach not only language but
also behavioral skills, particularly for children who may speak different native languages.
They suggest that incorporating such content could help support the children’s learning of
English while also focusing on important social and behavioral aspects.

In response to the question about the suitable ages for the robot and learning system
(Question 3), Reception House suggests that it could appeal to a broad range of ages, pos-
sibly from early childhood to early teens. They mention that younger children, particularly
those aged two to six, would likely find the system very attractive. However, they also
believe that older children, possibly up to early teens, could still find it engaging and cool
to interact with. Reception House emphasizes the importance of developing educational
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content tailored to the needs of these children, particularly focusing on behavioral aspects
such as sharing and respect, which they see as crucial for their educational development.

In response to the question about which robot role would be better for use with immi-
grant children (Question 4), Reception House expresses a preference for the peer-learner
role over the tutor role for the robot. They believe that the peer-learner role, which Recep-
tion House perceived as being characterized by soft tones and relatable language, is more
likely to be mimicked by children, as the children can see it as relatable to themselves. Re-
ception House points out that small inherent differences between the peer-learner and tutor
role behavior (e.g. the use of more polite language in the peer-learner role), could impact
children’s behavior while interacting with the robot. They also highlight the significant
challenges that many immigrant children, especially refugees, face due to the traumas they
have experienced. These challenges can manifest in difficulties with emotional regulation
and adapting to formal social structures, potentially affecting their interactions with the
robot.

In response to the question regarding the difficulty level of the lessons for immigrant
children compared to the feedback from university student participants (Question 5), Re-
ception House offers insights based on their observations. They suggest that the difficulty
level of the lessons may vary depending on the age and background of the children. Younger
children, particularly those in temporary accommodation, may pick up basic vocabulary
very quickly, especially if they are frequently exposed to common words like "hello” and
"goodbye.” However, as children grow older, they may find more common phrases challeng-
ing, although still manageable. Regarding the practice problems in the Esperanto lesson,
the respondent highlights potential challenges for children with limited schooling, partic-
ularly in reading comprehension. They emphasize the importance of adapting the content
and user interface to accommodate varying literacy levels among immigrant children, sug-
gesting that while they may be proficient in spoken language, their written language skills
could be significantly different. This also circles back to the idea of the robot speaking
the immigrant’s native language to facilitate understanding of the interface, indicating a
potential solution to address language barriers and enhance accessibility. In addition to
discussing the difficulty level of the lessons, the respondent brings up the social integration
challenges faced by refugee immigrant children, emphasizing that they often struggle more
with social behaviors than academic aspects. They point out specific social behaviors that
refugee children may find difficult to adapt to or learn, such as emotional regulation and
identifying their feelings when experiencing strong emotions. This includes learning how
to differentiate between different emotions and how to appropriately express and manage
them. Another challenge mentioned is adapting to social norms and expectations in Cana-
dian schools, particularly in terms of rough play versus zero-tolerance policies on fighting
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and bullying. Refugee children may need to relearn social boundaries and norms, which
can be a significant challenge in their adjustment process.

In response to the question about the interaction level with children using the language
teaching system (Questions 6 and 7), Reception draws from their experience in running
children’s programming in temporary accommodation. While not an expert on the topic,
they suggest that a peer model with more movement and behavior mimicry would likely be
more beneficial and engaging for children. They emphasize the importance of focusing on
behavior rather than just language learning, suggesting that children may be more likely
to mimic the robot’s behavior if it reflects excitement or engagement. Additionally, the
respondent highlights the challenges faced by parents in adjusting their parenting styles to
Canadian norms, suggesting that the robot’s behavior could serve as a positive model for
both children and parents.

In response to the question about features to be added to the current system for chil-
dren (Question 8), Reception House highlights the struggles faced by parents in adjusting
their parenting styles to Canadian norms, particularly due to cultural differences. They
note that children often perceive the world differently from their parents, leading to con-
flicts in behavior expectations. Reception House suggests that robots could be agents
of change, could play a role in facilitating communication between children and parents.
They emphasize the importance of addressing these cultural and generational differences
to support children’s mental well-being. Additionally, the respondent emphasizes the need
for the system to foster a balance between traditional values and the expectations of Cana-
dian society, advocating for a more holistic approach to addressing the challenges faced by
immigrant families.

Overall, it was found that the Reception House works with refugee immigrant families
and are often traumatized and distrustful of government systems due to their past experi-
ences in their native country. The main challenge that refugee immigrant families face is
with social integration, such as problems when adapting to the new environment’s social
norms, moral values, and finding a compromise between their mindset from their native
culture and the mindset of the culture they immigrated to. This finding is in contrary to
the main challenges and concerns that the general immigrant population face which are re-
ceiving quality education and financial stability, these concerns are actually not commonly
mentioned by the refugee immigrant families that Reception House works with. This is
an interesting finding as existing literature on RAL for teaching social skills focuses on
populations of children with special needs such as Autism, however from the discussion
with Reception House the need to learn social skills proves to also be needed in other
populations.This discovery sparks future research possibilities, exploring how social robots
can help humans learn about and understand diverse cultural social etiquette and values.
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6.3 Limitations

One of the limitations of this work is the study only collected results based on short-
term interactions which fails to capture the potential long-term effects on learning and the
evolution of interaction and relationship between the human and the robot/system over
time, which are crucial for understanding sustained engagement and educational impact.
Our results may also be prone to novelty effect.

Another limitation is the reliance on self-reported measures for assessing personal-
ity traits and user experience which introduces the possibility of bias, e.g. participants
might respond based on perceived social expectations rather than their actual experiences
and thoughts. While the study provides a rich qualitative analysis, its quantitative data
might not adequately reflect the complex ways individual differences influence learning
with robots. These measurement tools and methods, therefore, may not provide a com-
plete picture of the interaction dynamics between humans and robots.

In its current state of development of Maple the social robot, technological constraints
significantly limit the study’s findings. The robot behavior was automated with a set
of predetermined behaviors, so that the robot could operate autonomously alongside the
tablet and in interaction with the user. These behaviors were either sequenced or trig-
gered by basic conditions such as the participant’s performance on answers to practice
problems. Lacking the ability to process speech or visual input reliably, the robot offered
less spontaneous, natural, and personalized interactions. This restriction limited oppor-
tunities for participants to engage meaningfully with the robot and prevented them from
initiating interactions, however, the results reveal features and improvements that should
be prioritized in the future development of the robot.

The generalizability of the study’s findings is another limitation. Conducted in the con-
text of learning Esperanto, a relatively uncommon language, and given the low difficulty
of the lesson content, the results might not be applicable to more complex and challenging
learning tasks. Moreover, the controlled and lab-based environment of the study may not
reflect real-world educational settings where factors such as group dynamics and environ-
mental distractions can significantly influence the learning process.

Lastly, the study does not sufficiently consider participants’ learning preferences such
as learning environments they are most accustomed to and/or prefer, study habits, and
modes of learning they have experienced. This information could reveal psychological and
behavioral aspects that could influence the learning experience and expectations about the
robot’s role, behavior, and learning structure, as well as how these might affect their in-
teraction and learning outcomes. Due to only having short-term interactions as mentioned
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earlier, the study also fails to observe how user perceptions and robot effectiveness might
evolve as users become more accustomed to learning with robots over time, a factor that
could significantly alter the long-term effectiveness of robotic tutors.

6.4 Literature on Using Robots or Digital Technolo-
gies to Assist Immigrants and Refugees

Table 6.1 and Table 6.2 show a summary of publications on using robots (digital technolo-
gies instead of robots in [15]) to assist immigrants and/or refugees in learning or transition.
From the summary, it can be observed that the background, age range, and situation of
the participants varied, where [12] focused on teaching unaccompanied immigrant children
gestures, [18] focused on university students, [15] focused on older immigrants/refugees,
and [67] focused on immigrants in Finland, [73] focused on male refugees from Syria, and
[72] focused on Spanish speaking English language learners (ELLs). The work [10] was a
workshop that focused on social robots for social and cultural inclusion, and [15] was a
review that focused on digital technologies instead of social robots for use with immigrants.

The results of those works that conducted a user study all found positive results in the
users using the robot, such as positive impact on learning outcomes, successful engage-
ment of participant with robot, positive user experience and attitude towards the robot.
The limitations found in all studies was the limited number of participants and lack of
investigation into using their implementation on different populations (such as different
age groups or background of immigrants), thus there is limited generalizability for their
findings. Another common limitation found was that all studies were early stage research
which meant the results do not represent a comprehensive investigation and thus findings
may change once future work is conducted. A general limitation identified in this niche
area of research is that there is limited existing work and the studies conducted all are
very different, each study focused on a different subset of immigrants, different subject
for immigrants to learn, and very different study designs and objectives, which makes it
difficult to evaluate each work against each other, as well as evaluate the work in this thesis
to them. However, the participatory design approach taken in [72] with the elementary
school students and professionals provides guidance for our future work (described later in
6.5).

Despite the limitations, the findings indicate a promising application for social robots
to help immigrants and refugees with language and social integration, and are encouraging
for continuing the research direction described in this thesis.
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Paper Title

Purpose

Target Population

Social Robots supporting the
Inclusion of Unaccompanied
Migrant Children:

Teaching the Meaning of
Culture-Related Gestures [42]

Explore how social robots can
tutor second language and
support cultural integration

Unaccompanied migrant
children in a new

country dealing with
language and cultural barriers

Goes to the Heart:
Speaking the User’s
Native Language [18]

Develop a social robot to
support non-native speakers
in navigating local services

International students, refugees,
and asylum seekers facing
language and bureaucratic
challenges in a new country

SOcial and Cultural IntegrAtion
with Personalized Interfaces

(SOCIALIZE) 2022 [16]

Foster social and cultural
inclusion using interactive
techniques and social robots

Vulnerable and at-risk
categories, including
individuals from diverse
nationalities and cultural
backgrounds

Understanding the Impact of
Digital Technology on the
Well-being of Older

Immigrants and Refugees [17]

Assess how digital technology
affects the well-being of
older immigrants and refugees

Older immigrants and
refugees, facing challenges like
language barriers, cultural
adaptation, and isolation

Customized Robot-Assisted
Language Learning
(RALL) for Immigrants in
the Workplace [64]

Support immigrants’ work-related
language learning using robots

Immigrants in Finland,
specifically those needing to
learn the local language for
work and integration

Social Robots as a Means of
Integration? An Explorative
Acceptance Study considering
Gender and Non-verbal
Behaviour [73]

Investigate the acceptance of

social robots teaching culture-specific

behaviors to refugees

Male Syrian refugees,

who have experienced

forced displacement and are
adapting to a new cultural and
social environment

Designing for culturally
responsive social robots:

An application of a
participatory framework [72]

Gather culturally responsive
requirements for child-robot
interactions. Engage ELLSs in
design decisions for social robots.

Spanish speaking ELLs
elementary school children
from South American countries

Table 6.1: Summary of Literature on Learning Support for Immigrants and Refugees -

Purpose, Target Population
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Paper Title Design Results Limitations Future Work

Social Robots supporting the

Inclusion of Unaccompanied S Positive impact on Limited number of .

P . Qualitative . ] .. Expand the experiment
Migrant Children: wser study learning gestures participants and to more participants
Teaching the Meaning of Y| and engaging children categories of subjects pe P
Culture-Related Gestures [12]

Goes to the Heart: . )
Speaking the User’s F}eld User study pending Not specified Extend to support refugees
. user study and asylum seekers
Native Language [18]
SOcial and Cultural Insights into
IntegrAt%on with . VVorkéhop interact.ive techniques Farly-stage research Devel(}p and .apply in
Personalized Interfaces overview and social robots inclusive settings
(SOCIALIZE) 2022 [10] for inclusion
Ulnd(‘er:qtandmg the Tmpact Systematic Dl.g.ltal technology‘ - . More studies on digital
of Digital Technology on literature critical for well-being Limited to English- technolosy 1se amone
the Well-being of Older . but underused language studies gy &
. review older refugees
Immigrants and Refugees [17] by target group
Customized Robot-Assisted - Limited number
. . Positive user .. . . .
Language Learning Qualitative . of participants Comprehensive studies with
. . ’ experience and . .. )
(RALL) for Immigrants in user study . and language diverse participants
learning outcome ..
the Workplace [6] proficiency levels
Social Robots as a Means of Culture-specific
Integration? An Explorative . Generally positive . p Systematic investigation of
Lo Explorative . manipulations, .
Acceptance Study considering attitude towards . non-verbal behavior and
user study . limited to male
Gender and Non-verbal educational robots . other measures
. Syrian refugees
Behaviour [73] ’
Students found the
- social robot engaging .. )
Des&gmpg for .culturall} . but hesitant to converse. | Generalization of Enh ance participatory
responsive social robots: Explorative .. design, in-depth cultural
. Teachers suggested cultural traits in ; L
An application of a user study .. consideration, integration
peer-to-peer conversa- participants

participatory framework [72] in real educational contexts

tions and stimulating
student responsiveness.

Table 6.2: Summary of Literature on Learning Support for Immigrants and Refugees -
Design, Results, Limitations, Future Work
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6.5 Future Work

Future work should address the limitations discussed and address the findings from meeting
with local communities.

Future work to address the limitations discussed may be done by incorporating a
broader range of interaction conditions, extending the duration of interactions, employ-
ing a mix of measurement tools, enhancing technological capabilities, and exploring more
diverse educational contexts and languages. Improving the robot’s interactive capabilities
and adding features to allow for more nuanced and participant-initiated interactions and
developing the ability to perceive and respond to a wider range of user inputs and behaviors
will provide deeper insights into the potential of robots as interactive learning tools and
the dynamics of user-robot relationships. Additionally, a deeper examination of psycholog-
ical and behavioral factors and their long-term evolution will provide more comprehensive
insights into the effectiveness and potential of learning with and alongside social robots.

Future work to address findings from local communities is to continue discussion with
local communities such as Reception House with the original target population and ex-
perts who can take part in co-design and user-centered design processes. Future work in
collaboration with experts and immigrant families could focus on several areas based on
the insights provided by Reception House. This could include:

e Developing and testing educational content that integrates behavioral skills alongside
language learning to better support immigrant children’s holistic development.

e Exploring the feasibility and effectiveness of implementing a peer-learner role for
robots in educational settings, with a focus on its impact on children’s behavior and
in social situations.

e Designing user interfaces and content delivery methods that accommodate varying
literacy levels and social integration challenges among immigrant children, ensuring
accessibility and inclusivity.

e Investigating the potential for robots to facilitate communication between children
and parents from different cultural backgrounds, and exploring strategies to promote
understanding and collaboration within immigrant families.

e (Collaborating with educators, psychologists, and cultural experts to develop cultur-
ally responsive interventions and support systems that address the unique needs of
immigrant children and their families.
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Overall, future work in these areas has the potential to enhance the effectiveness of social
robot for use with immigrant children by working on using social robots to aid in social in-
tegration and language acquisition, and improve mutual understanding and communication
between immigrant children and immigrant parent.
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Appendix A

Robot Development Supplementary
Documentation

A.1 Motor Properties
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Motor

Direction of

Joint Motor Location Rotation Min. Max. Zero Positive
ID ID (joint or Plane  Limit Limit Position Ori .
rientation
movement)
Joint3 1 Right shoulder X-7 1050 3100 2050 CCW,
(shoulder-elbow) forwards/up
Joint4 9 Right shoulder V-7 1600 3100 2050 CW,
(shoulder-elbow) outwards/up
Joint7 5 Left shoulder X-7 1050 3100 2050 CCW,
(shoulder) backwards
Joint8 4 Left shoulder V-7 1600 3100 2050 CW,
(shoulder-elbow) Inwards,
Jointh 5 Right forearm, X-y 0 4095 2050 CW,
(elbow-hand) outwards
Joint6 6 Right forearm X-Z 1500 3050 2050 CW,
(hand) outwards
Joint9 7 Left forearm X-y 0 4095 2050 CW,
(elbow-hand) inwards
Jointl0 8 Left forearm X-7 1500 3050 2050 CCW,
(hand) outwards,
Joint12 9 Head X-Z 900 2050 2050 CW,
(forward-back) backwards
Jointll 10 Head y-Z 1550 2550 2050 CCW,
(left-right) to its left
Joint2 11 Torso X-y 0 3800* 2050 CCW,
(left-right) to its left
Jointl 12 Torso X-Z 1025 2050 2050 CW,
(forward-back) backwards

*(due to wire length, else max. is 4095)
CW = clockwise, CCW = counterclockwise

Table A.1: Motor Position Properties and Joint Mapping Summary for Maple Robot
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A.2 Maple Robot SOP

38



MME Standard Operating Procedure (SOP)

Name

Maple

Description

Humanoid robot with static base, 6 Dynamixel
2XL430-W250-T motors, Raspberry Pi 4B and
U2D2 USB communication converter & power
hub

Manufacturer and
Model

Robotis Engineer Kit 1 — Dr.R configuration
Robotis Dynamixel Servos 2XL-W230
Raspberry Pi 4B (aarch64)

U2D2 USB communication converter
U2D2 power hub

Robotis CM-550 controller (not in use)

Location

E7 3431/3433

SOP Creation Date

2023-01-24

SOP Created By

Victoria (Ya-Ting) Yang
y546yang@uwaterloo.ca

SOP Revision Date

SOP Revised By

SOP Location

inv.mme.uwaterloo.ca
E7 3431
A.l.R Lab Teams Equipment Channel

Manual Location

usually inv.mme.uwaterloo.ca

Hard copy at E7 3431/3433

Online:
https://emanual.robotis.com/docs/en/edu/engi

neer/kitl/

Equipment Owner

A.l.R Lab
Yue Hu (Assistant Professor, MME)

Support
Technicians

Robotis: https://www.robotis.us/

Maple robot:

U2D2 USB communication converter:
((#PinUART ) (3PinTTL Level ] (Micro-B USB )

last editted by: Michael Herz

last edited: 1/21/2024 7:09:00 PM

Page 1 0of 8

filename: MME_SOP_RobotisEngineerKitl based on MME SOP Template v.2014-06-03
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Significant Hazards e https://emanual.robotis.com/docs/en/edu/engineer/kit1/
e Keep the robot away from the face and body when the robot is operating.
e Be careful for getting fingers or part of the body stuck in the robot joints.
e Do not operate or store the robot under the direct sunlight.
e Do not operate or store the robot near water or heat source.
e Do not tamper or disassemble components.
e Keep the robot and parts away from infants or younger children.
e Do not impact or poke the robot with sharp objects.
e The battery must be disconnected from the robot when not used or charged with
the designated charger.
e Do not disassemble or impact the battery or charger.
e Do not heat the battery and avoid contact with fire and liquids.
e Do not place battery in the microwave, laundry machine, refrigerator, or dryer.
e Do not use damaged batteries (deformed, swollen, external damages).
e Do not short the battery.
e Do not reverse the polarity of the battery when charging.
e Do not charge the battery when it is hot. Let the battery cools down to the room
temperature before charging.
e Do not store the battery in hot or humid place.
e Do not charge multiple batteries with the charger at the same time.
e Do not connect the battery to the charger when the charger is not connected to
the power source.
Administrative Controls e all users must be authorized by the equipment owner
e who and when the equipment can be used:
o Students working on the child HRI project can use
o Must contact Yue Hu and Victoria Yang to coordinate use
Engineering Controls e Power OFF on back of robot
e Battery disconnect on robot base
e Allarms must be secured to the body as per installation specifications

PPE Required e none

Relevant Standards and e none

Codes

Relevant MSDS e all MSDSs can be found at msds.mme.uwaterloo.ca

e list all relevant MSDS by chemical name
e if none... enter “none”

Accident Procedure e inform equipment owner and support technicians

e See safety posters in this lab (E7 3431)
Emergency Shutdown e The battery must be disconnected from the robot when not used or charged with
Procedure the designated charger.

e provide direction for what to do to leave the equipment in a safe state in case the
equipment must be abandoned quickly
e how to avoid the equipment developing into a hazard when unattended
e examples of a causal situation are:
o firealarm
o medical emergency
o building evacuation

last editted by: Michael Herz last edited: 1/21/2024 7:09:00 PM Page 2 of 8
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equipment

exit

fire extinguisher
fire alarm pull
eye wash
shower

phone

sink

breaker panel

lockout electrical

B-G~-0m=E%

lockout hydraulic xH 3449 398 | 3 3443 9435 | 3437
o]
lockout air XA \I: 1 £||
lockout N, XN A Y S - - g

3849 ExiT il BP |

lockoutCw W — ~

lockout DCW nc 3458 | 3456 | 3454 [ 3¢50 | 3448 | 3446 | 3644 | 3 ™ :| [ 3442 | 3438 (B 3436
el | - g
lockout DHW EH !, L I | — ki d
lockout steam XS L 385
STAIR G
last editted by: Michael Herz last edited: 1/21/2024 7:09:00 PM Page 3 of 8
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Pre-start Checklist
Document everything that needs to be done before starting the equipment or process. Include items such as:
e itemstoinspect
o check if robot joints are not bent oddly
o check that Raspberry Pi, U2D2 devices, and either battery or charger is plugged in
e items to have on hand
o laptop with ubuntu, ROS and SDK installed
o manual, documentation
e people to notify
o YueHu
o Victoria Yang

e Robot has enough empty space to allow free limb movement, and a large enough flat surface such that it
wont fall over

Start-up Procedure
Document the start-up procedure. Include items such as:
e typical problems to watch for
o motors not reading and writing (i.e., robot not moving even when motion scripts are executed)
e resolutions for typical problems
o restart or check roscore is running on ros master (Raspberry Pi)
o turn off power, unplug Raspberry Pi; then turn on power, plug in Raspberry Pi again
o run launch file and scripts again
e what indicates all is going well
o nodes and scripts are running and motors are moving according to scripts

Operating Procedure
e Physical setup:
o All motors are linked together via 3-pin JST cables
o Plug 3-pin JST cable (for chain of motors), and the U2D2 signal converter into U2D2 hub
o Plugin power supply and turn hub power switch on
o Connect signal converter (has micro-USB port) to computer or Raspberry Pi (has USB A port) using the
USB A to micro-USB cable
e Software setup - Ubuntu:
o Have ROS1 Noetic installed, a ROS workspace setup, and Dynamixel SDK installed:
= ROS1 Noetic:
e Regularinstall: http://wiki.ros.org/noetic/Installation/Ubuntu
e Two line command install (If you have Ubuntu 20.04 LTS Focal Fossa):
http://wiki.ros.org/ROS/Installation/TwolLinelnstall/
= Setup a workspace:
http://wiki.ros.org/ROS/Tutorials/InstallingandConfiguringROSEnvironment
= Dynamixel SDK:
https://emanual.robotis.com/docs/en/software/dynamixel/dynamixel sdk/download/#repos

itory
o Checking connection port, in terminal:
= Scd/dev
= Sls-lattyA*

e OrdoSls-lattyu*

last editted by: Michael Herz last edited: 1/21/2024 7:09:00 PM Page 4 of 8
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e OrdoS$ls-latty*

e identify which port is connected (on VMWare it was either ttyUSBO or ttyUSB1, on
dual boot/native ubuntu it’s usually ttyACMO#, # being zero, 1 or other number. Can
be different for others, in that case try tty*)

= Ssudo chmod 777 <port>
= Sls-la /<port>
e check if the permissions now show read, write, execute for all groups
= Navigate to Dynamixel SDK package and open read_write_node.cpp file
= Inread_write_node.cpp file, make sure in “default setting” section, the default device name
defined is the same as the port connected, if not change it to the correct port

Shutdown Procedure
1. stop running any relevant nodes/scripts and roscore on ROS
2. disconnect the micro-USB cable from the signal converter (l.e., disconnect motors from the set-up)
3. switch off power on the hub
4. disconnect power supply

Clean-up
Document the clean-up by creating a post in A.l.R Lab Equipment Teams channel that included information on usage
according to specified format, and description of scope of the cleanup that was done.

Lockout

Make sure robot is turned off and disconnected from all other devices and power supply. Store in a place that is dry
and away from other objects that can fall or push it. See Health & Safety Ontario - Safeguarding/Lockout for other
general guidance.

Maintenance and Repair
e Charge battery to ensure robot is in good state for usage.

e Ensure servo motors are in zero position when not in use.
e Contact Robotis for other maintenance and repair

SOP Accepted by Equipment Owner

X

owner

digital signature (preferable) or pen on paper...

last editted by: Michael Herz last edited: 1/21/2024 7:09:00 PM Page 5 of 8
filename: MME_SOP_RobotisEngineerKitl based on MME SOP Template v.2014-06-03

93



name signature date (yyyy-mm-dd)

Authorized Trainers

X X

trainer owner

X X

trainer owner

X X

trainer owner

digital signature (preferable) or pen on paper...

trainer | authorized by date

name name

signature signature

name name

signature signature

name name

signature signature

last editted by: Michael Herz last edited: 1/21/2024 7:09:00 PM Page 6 of 8

filename: MME_SOP_RobotisEngineerKitl based on MME SOP Template v.2014-06-03
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Authorized Operators

X X

operator trainer

X X

operator trainer

X X

operator trainer

X X

operator trainer

digital signature (preferable) or pen on paper...

operator trainer date

name name

signature signature

last editted by: Michael Herz last edited: 1/21/2024 7:09:00 PM Page 7 of 8

filename: MME_SOP_RobotisEngineerKitl based on MME SOP Template v.2014-06-03
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name name

signature signature

name name

signature signature

last editted by: Michael Herz last edited: 1/21/2024 7:09:00 PM Page 8 of 8

filename: MME_SOP_RobotisEngineerKitl based on MME SOP Template v.2014-06-03
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Appendix B

User Study Supplementary Data

B.1 Participant Demographics

Participant Age
Participant Gender
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Figure B.1: Age Distribution Figure B.2: Gender Demographics
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Figure B.3: Faculty Demographics graphics

Other Language Familiarity
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Figure B.5: Familiarity with Other Languages
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B.2 Thematic Analysis - Additional Notable Partici-
pant Quotes

The following are additional quotes from participants’ responses to open-ended questions
which were notable and convey the themes and subthemes identified in the thematic anal-
ysis.

Theme 1 Face, Movement, and Voice of Robot

Subtheme 1.1 Facial Expressions

“I like that robot show some sleepy expression during explanation about one of word which
is related to this emotion (T)”, “The robot would have lots of different facial expressions
that I found captured my attention more. (T)”, “The robot’s slow inhuman blinking was
a little distracting (T)”.

Subtheme 1.2 Movement and Gestures

“I noticed I was starting to get impatient waiting for the robot to complete the gesture
(T)”, “Some of movements was little unexpected and abrupt. It can scare (T)”, “too much
movement in short spans can be unnerving at times. (P)”

“I like the movement of the robots hands and arms since it made the robot seem friendlier.

(P)”, “sometime the motion of robot was unnecessary which actually caused some distrac-
tion. (T)”

Subtheme 1.3 Voice and Speech

“I did not think the voice of the robot matched the body (T)“, “The text to speech voice
of the robot/teacher was unnatural and becoming somewhat annoying. (P)”

“i like how the robot had a warm tone (T)”

Theme 2 Interaction with Robot

Subtheme 2.1 Perception of Robot Behavior

“... and it didn’t complain if I chose a different answer. This made me feel a little more
comfortable, because it felt like I wasn’t being judged if I got the answer wrong. (P)”,
“it seemed truly friendly and encouraging. the interaction with the robot made me more
happy (T)”,”I noticed that the robot would nod at me when i answered the question cor-
rectly, which I found is somewhat encouraging. (T)”
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Subtheme 2.2 Robot Awareness, Capability, and Effectiveness
“In my opinion, the robot in its current state does not add much to the learning process
and just serves more as a companion than a helper. (P)”, “The experience with the robot
could be improved if the robot was better at learning the language (P)”, “Maple sometimes
felt like they were sabotaging the user’s answers vs. trying to help deduce the possible
options (P)”.

Subtheme 2.3 Desire for More Interaction Opportunities

“If the robot is able to provide a bit more expression, this would also make it seem more
natural (ex., thanking the participant/student and expressing that they hoped they had
fun rather than going to sleep right away) (T)”, “Maybe if the robot be more creative in
its response ... I don’t know if I say something that is not expected, how would the robot
react? (P)”,”I didn’t make any mistakes but I wondered how it would respond if I had
made a mistake, would it scold me or be very nice. Would it encourage to try again and
ask for clarification. (T)”

Subtheme 2.4 Engagement with Robot

“Robot’s facial expressions and overall body language were very human-like and inter-
active (P)”, ”The movement of the robot made it more engaging (T)”,

"1 liked that the robot took a turn trying to say the word as well. I thought it was engag-
ing. I liked that the robot tried to lead you to the wrong answer on occasion. Keeps you
engaged and critically thinking. (P)”

"1 found my eyes focused more on the computer screen than the robot’s anthropomorphic
features. I felt kind of bad about this because it felt like I wasn’t paying enough attention to
the robot’s movements and expressions. (T)” Theme 3 Overall System /Tech-
nology

Subtheme 3.1 Technology Acceptance
“Its is interesting, I love the robot design and interface. (P)”. “The robot looks really nice
and cute, I was smiling all the time (T)”

Subtheme 3.2 Robot Role and Contribution

“the two system (ppt & robot) is connect together, but they are separated in terms of sup-
port my study, I feel like it is possible to learn the language just using one of the system
(the ppt would be sufficient) (P)”, “More interactivity with the robot itself. Maybe the
robot teaches me the language and rewards me instead of being my colearner? (P)”.
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Theme 4 Esperanto Lesson

Subtheme 4.1 Pronunciation Discrepancy and Inaccuracy

“I noted that when pronouncing words, it was not able to speak with an accent similar to
the voice played in the presentation. This could be seen as a criticism, but it would be
unfair to say that humans are not guilty of this as well. (P)”.

Subtheme 4.2 Learning Experience
“the learning was at a good pace for me. (T)”, “at first it was confusing when the button
to hear the answer and the button to choose the answer were attached. (T)”

Subtheme 4.3 Add Customization and Expand Scope
“Introduce difficulty level. (T)”, “It can be useful to see the transcription of the words.
(T)?’.

101



Appendix C

Ethics Clearance Certificate

102
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The Human Research Ethics Board is pleased to inform you this study has been reviewed and given ethics clearance.
Initial Approval Date: 04/20/23 (m/d/y)

University of Waterloo Research Ethics Boards are composed in accordance with, and carry out their functions and
operate in a manner consistent with, the institution’s guidelines for research with human participants, the Tri-Council
Policy Statement for the Ethical Conduct for Research Involving Humans (TCPS, 2nd edition), International Conference
on Harmonization: Good Clinical Practice (ICH-GCP), the Ontario Personal Health Information Protection Act (PHIPA), the
applicable laws and regulations of the province of Ontario. Both Boards are registered with the U.S. Department of
Health and Human Services under the Federal Wide Assurance, FWA00021410, and IRB registration number
IRB00002419 (HREB) and IRBO0007409 (CREB).

This study is to be conducted in accordance with the submitted application and the most recently approved versions of
all supporting materials.

Expiry Date: 04/21/24 (m/d/y)

Multi-year research must be renewed at least once every 12 months unless a more frequent review has otherwise been
specified. Studies will only be renewed if the renewal report is received and approved before the expiry date. Failure to
submit renewal reports will result in the investigators being notified ethics clearance has been suspended and Research
Finance being notified the ethics clearance is no longer valid.

Level of review: Delegated Review

Signed on behalf of the Human Research Ethics Board

Heather Dekker, Ethics Advisor, hdekker@uwaterloo.ca, 519-888-4567, ext. 41506

This above named study is to be conducted in accordance with the submitted application and the most recently
approved versions of all supporting materials.

Documents reviewed and received ethics clearance for use in the study and/or received for information:
file: MME_SOP_RobotisEngineerKitl_v1 20230320.pdf

file: pre_session_questionnaire_v1_20230320.pdf

103



file: post_session_questionnaire_v1_20230320.pdf
file: quiz_bank_v2_20230417.pdf

file: experiment_setup_diagram_v1_20230320.pdf
file: debrief_and_appreciation_v2_20230417.pdf

file: study_information_v2_20230417.pdf

file: study_poster_v2_20230410.pdf

file: recruit_email_dissemination_v2_20230417.pdf
file: recruit_email_consent-schedule_v2_20230417.pdf
file: participant_facing_feedback_appreciation_v1_20230417.pdf
file: consent_form_v2_20230417.pdf

Approved Protocol Version 2 in Research Ethics System
This is an official document. Retain for your files.

You are responsible for obtaining any additional institutional approvals that might be required to complete this study.

104



	Author's Declaration
	Abstract
	Acknowledgements
	Dedication
	List of Figures
	List of Tables
	Introduction
	Motivation
	Immigration in Canada
	Quality Education, Digital Technologies, and Robots
	In-field Investigation with Local Immigration Services

	Research Goal and Scope
	Thesis Overview

	Background: Literature Review
	HRI and Social Robotics
	Overview of HRI
	Overview of Social Robotics
	Applications of Social Robots

	Social Robots in Education
	Robot Roles in Education
	Robot-Assisted Language Learning


	Research Question
	Robot Platform Development
	Robot Selection Process
	Robot Comparison and Selection

	About the Maple Robot
	Robot Framework
	Robot System Architecture
	Robot Actuator Control API Architecture

	Web Applications for Robot Face, Content Display and User Interface
	Documentation for Maple Robot

	User Study: Language Crash Course with a Robot
	Hypotheses
	Methodology and Design
	Study Recruitment
	Experiment Procedure, Design and Materials
	Robot Behaviour Design
	Learning Activity - Esperanto Lesson

	Measures
	Pre-experiment measures: Participant Demographics
	Post-experiment measures: Participant Experience and Performance Assessment
	Summary of Measures Used
	Details of Measures Used

	Data Analysis Methods
	Statistical Analysis
	Thematic Analysis

	Results
	Quantitative Results
	Qualitative Results

	Discussion
	Revisiting Hypotheses
	Implications of Robot's Role

	Conclusion

	Thesis Conclusion
	Summary of Contributions
	Follow-up with Local Immigration Services
	Limitations
	Literature on Using Robots or Digital Technologies to Assist Immigrants and Refugees
	Future Work

	References
	APPENDICES
	Robot Development Supplementary Documentation
	Motor Properties
	Maple Robot SOP

	User Study Supplementary Data
	Participant Demographics
	Thematic Analysis - Additional Notable Participant Quotes

	Ethics Clearance Certificate

