DESIGNING AI SOFTWARE FOR LARGE
CLASSROOM ENGAGEMENT



INTERACTIVE LEARNING AT SCALE: LEVERAGING
GENERATIVE AI TO IMPROVE ENGAGEMENT AND
PARTICIPATION IN LARGE CLASSROOM SETTINGS

By STEPHANIE EVELINE KOEHL, BASC

A Thesis Submitted to the School of Graduate Studies in Partial
Fulfillment of the Requirements for

the Degree Master of Science - Computer Science

McMaster Univ. (©) Copyright by Stephanie Eveline Koehl, November

2024


https://gs.mcmaster.ca/
http://www.mcmaster.ca/

McMaster Univ.
MASTER OF SCIENCE - COMPUTER SCIENCE (2024)

Hamilton, Ontario, Canada (Dept. Computing and Software)

TITLE: Interactive Learning at Scale: Leveraging Generative
AT to Improve Engagement and Participation in Large

Classroom Settings

AUTHOR: Stephanie Eveline Koehl
BASc (Human Behaviour),

McMaster University

SUPERVISOR: Dr. Christopher K Anand

NUMBER OF PAGES: xiv, 152

11


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

Abstract

This thesis presents the design of an educational tool that enhances student engage-
ment and interaction during group presentations in large classroom settings. Specifi-
cally, the study aimed to create a tool that streamlines the management of questions
and participation, making the process more efficient and equitable for students and
instructors.

The research explored three primary questions: (1) How can educational software
be designed to increase engagement and participation during student presentations?
(2) How can Al be used to assist in tasks traditionally performed by professors,
such as managing Q&A sessions? (3) How does the application of design thinking,
particularly the empathy stage, influence the development of effective educational
tools?

Students provided ample feedback on improving the course and detailed expla-
nations for their preferences. Qualitative methods including reflexive thematic anal-
ysis were used to process this volume of feedback. Descriptive statistics, confusion
matrices, and Kappa scores were used to ensure the integrity of the analysis. An
open-source large language model, Meta’s LLaMA, was implemented to automate
the selection and clustering of questions during student-led Q& A sessions, with these

results compared against instructor-selected questions.

11



Al-driven question selection matched the effectiveness of instructor selections and
enhanced efficiency, significantly reducing the logistical burden on educators while
sustaining student engagement. Additionally, the research gathered extensive data
on students’ experiences within the university classroom, with particular attention to
issues such as anxiety, group dynamics, and disengagement. A paper prototype was
developed to address these challenges, leveraging Al to foster interaction and improve
peer-to-peer communication.

These results have broader implications for educational technology, showing how
Al could foster deeper student involvement and provide instructors with tools to

manage participation effortlessly at scale, improving the overall learning experience.
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Chapter 1

Introduction and Background

For as long as classrooms have existed, the struggle to foster genuine student engage-
ment has persisted as one of the most complex challenges faced by educators. Poor
engagement drastically limits both the depth of learning and the quality of peer inter-
action, ultimately leading to negative outcomes for both students and teachers. This
paper explores the process of designing software to improve engagement, particularly
during student presentations, with the goal of improving material comprehension,
quality of peer feedback, and minimizing friction and cognitive load for presenters.

As educational institutions increasingly turn to digital tools to enhance learning,
there is a growing need for scalable technology that can support active participation.
The rise of remote learning and hybrid models, exacerbated by the pandemic, has
further highlighted the importance of tools that can facilitate interaction without
increasing the burden on educators. This design study aims to address these issues by
designing, testing, iterating, and proposing a technology-assisted solution to improve
student interaction and feedback during presentations.

The motivation behind this research stems from the need to create more inclusive



M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

and engaging learning environments where students feel empowered to participate,
ask questions, and interact with their peers despite the challenges posed by large
class sizes. This work seeks to bridge the gap between traditional classroom methods
and modern technologies, ensuring that students’ voices are heard and their learning

experiences are enriched.

1.1 Evolution of Classroom Dynamics

According to Chingos and Whitehurst [9], university classrooms have experienced
substantial shifts over the past few decades in the student-to-instructor ratio. Factors
including rising student enrollments and the push for economic efficiency have led
to an increased prevalence of large classrooms, often accommodating hundreds of
students. This shift brings with it several challenges, including, as Wang and Calvano
[48] noted, diminished student participation, a reduction in personalized instruction,
and, consequently, a less engaging learning environment overall.

Traditionally, classrooms have relied heavily on didactic teaching due to resource
constraints, as it allowed for efficient dissemination of information to large numbers
of students. Similar to how the Industrial Revolution introduced technologies that
transformed manufacturing processes and increased productivity, modern technolog-
ical advances, particularly in generative AI, present an opportunity to transform
educational methodologies. These technological tools can enhance educational expe-
riences by enabling more personalized and interactive learning without significantly
increasing the workload for educators. This shift leverages the capabilities of Al to
facilitate a more engaged and participatory learning environment, moving away from

purely lecture-based formats to more dynamic, student-centred approaches.
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1.1.1 Consequences of COVID-19 on Student Learning and

Engagement

The COVID-19 pandemic was the largest disruption to education in history [42]. The
abrupt and poorly resourced transition to remote learning significantly impacted stu-
dent behaviour and well-being, reducing social and self-regulatory skills and increasing
mental health challenges [15].

Engzell et al. [15] found that, during the shift to remote learning, students faced
challenges related to self-motivation and time management, which persisted after re-
turning to face-to-face instruction. The rise in social media usage has also contributed
to these behavioural changes, with Paul et al. [29] finding that reduced time on social
networks correlates with improved attention spans and academic performance. In
large classroom environments, maintaining student engagement becomes increasingly
challenging as individual attention is harder to monitor. Moreover, increases in social
anxiety and depression [30] have further complicated students’ re-adjustment to tra-
ditional classroom interactions, undermining group work efficacy (as found by Loades
et al. [24]) and impacting emotional engagement, which is crucial for feelings of be-
longing and academic interest (as found by Delfino [12]). Emotional engagement,
including students’ feelings of belonging and interest in their studies, also impacts
overall academic performance [12]. This combination of factors has led to a decreased

likelihood of student participation [19, 15, 24, 30].
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1.1.2 Significance of the Psychological and Social Dimensions

of Student Engagement

The significance of these changes lies in the crucial role of psychological safety for
learning and group dynamics. Psychological safety is a key factor in successful group
dynamics, as highlighted by Google’s Project Aristotle, which found that psycho-
logical safety is the most critical factor for team success [14]. This suggests that
creating an environment where members feel safe to take risks and share openly is
essential for optimal team performance. Additionally, dependability, structure and
clarity, meaning, and impact are important components that contribute to healthy
team dynamics.

Addressing student psychological barriers to engagement is essential, especially
in large classrooms where students often feel intimidated. Creating an environment
where students feel safe interacting tends to achieve better educational outcomes
[55, 18]. Meeting students where they are and fostering socialization within the
classroom is vital, as these experiences help students develop teamwork and social
skills [12].

Improving student’s social skills is an important goal of our education system.
Classrooms serve as a crucial environment in fostering inclusion in various social
spheres and broader cultural integration [40]. Educational environments act as pivotal
social spaces where students learn to integrate into larger social and cultural contexts,
essential for personal growth and professional development. The role of socialization
extends beyond mere knowledge acquisition to encompass the development of social
skills, teamwork abilities, and cultural adaptability, which are all vital for a well-

rounded educational experience [2].
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1.2 Developing Student-Centered Educational Tools

In this thesis, we will explore the design space for educational tools supporting peer
interaction in large classrooms. We will focus on one technology (Generative Al),
two design perspectives (data-driven versus value-driven design) and one design pre-
scription (design thinking), and briefly define them to give context to our research

questions.

1.2.1 Generative Artificial Intelligence

In response to these challenges in education, one avenue worth exploring is inte-
grating Large Language Models (LLMs) and other generative artificial intelligence
(GenAl) tools. LLMs like OpenAI’s ChatGPT (Generative Pretrained Transformer)
use transformer architectures to utilize self-attention mechanisms [45]. These models
are trained on large datasets to predict the next word in a sentence, which, after
extensive training, allows them to generate coherent and contextually appropriate
text based on the input they receive. The recent developments in hardware capa-
bilities and algorithmic efficiency have significantly reduced computational costs and
improved training times, making these models more accessible and popular. This
advancement, combined with their ability to generate human-like text, has led to
their widespread application across various industries. At the time of this writing
chatGPT is the fastest-growing consumer application in history [13], attracting over
100 million monthly active users within just two months of its launch. The influence
of generative Al in the coming years cannot be overstated.

Tools like OpenAl’'s ChatGPT are being increasingly utilized in educational set-

tings, demonstrating significant potential to transform how educational content is
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delivered and how students interact with it. These models can perform a variety of
tasks that are beneficial in education, including generating educational content, as-
sisting with administrative tasks, providing tutoring assistance, and even automating
the creation of exams and quizzes. They also introduce risks, notably in facilitat-
ing plagiarism, inaccuracy with poor decision tracing, and encouraging a dependency
that could undermine critical thinking and deep learning [13]. At present, we are
at the start of a significant shift with a unique opportunity to direct its trajectory.
Some experts suggest we may be living in the era of ‘peak education’ [17] as Al will
disproportionately help those already educated and stunt the progress of novices who
have a diminished incentive structure for educating themselves. As the presence of
Generative Al grows, so does our need for strategic approaches to leverage its bene-
fits while addressing potential drawbacks. The inability of our current institutional
mechanisms to adequately detect Al-generated content exacerbates these challenges,
as we cannot effectively screen submissions without potentially compromising student
privacy and data security|[6, 43].

A key challenge in academia lies in learning to effectively leverage Al tools, like
LLMs, which, while powerful, require a nuanced understanding of how they operate.
The prevailing skepticism surrounding Al often stems from concerns about the accu-
racy of Al-generated content and its potential to produce misleading or low-quality
inputs. Much of this skepticism is linked to a lack of user expertise. Large Lan-
guage Models are complex tools that require well-structured inputs—referred to as
”prompts”—to generate meaningful and accurate responses. Although the technol-
ogy itself has inherent limitations, it is important to recognize that vague or poorly

designed prompts result in less useful or inaccurate outputs.
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The issue is less about the inherent flaws in the technology and more about the
user’s ability to harness it effectively. This highlights the emerging importance of
”prompt engineering,” the skill of crafting precise and detailed inputs that elicit the
best possible results from Al systems. As Al continues to integrate into academia,
developing prompt engineering expertise will likely become a critical 21st-century
skill, as it enhances educators’ ability to search for relevant materials and improve
productivity by engaging Al to generate refined outputs in less time. By improving
our ability to ask the right questions, we can significantly enhance the quality and
usefulness of Al

It is also important to recognize that not every user needs to be an expert in
prompt engineering to benefit from AI. Well-designed systems can abstract away
complexity, allowing users to interact with Al tools without needing to understand
or engage in the intricacies of the underlying algorithms. This allows for more intu-
itive and accessible interfaces where Al can assist in tasks like question generation,
content summarization, or feedback collection without adding a cognitive load on the
user. The focus then shifts from learning how to communicate with Al effectively to
simply benefiting from the results, with the system handling the complexities in the
background. This type of integration can streamline educational processes, offering
support that is efficient, user-friendly, and capable of scaling across diverse learning
environments.

The power of Al, particularly large language models (LLMs), lies largely in their
ability to process and understand vast amounts of data — making them especially
effective for search and filtering tasks. As these capabilities continue to advance, they

are positioned to unlock opportunities we cannot forsee and fundamentally reshape


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

how we interact with information and enhance decision-making across a wide range

of fields.

1.2.2 Value-Driven and Data-Driven Design

Value-driven design is a holistic approach that embeds human values at the forefront
of the technology development process. This method emphasizes the importance of
aligning the product or service with the ethical standards, social norms, and over-
all well-being of its users and stakeholders [54]. This approach aims to ensure that
technology supports the values held by its users and stakeholders. For instance, in
the context of educational technology, value-driven design might focus on goals such
as enhancing learning outcomes, promoting inclusivity, and maintaining academic
integrity. The process is inherently qualitative, engaging with stakeholders via in-
terviews, surveys, and participatory design sessions to gain a deep understanding of
their values and needs, which then directly informs the development of the technology
[37].

In contrast, data-driven design emphasizes the role of quantitative data in shaping
design decisions. This approach relies heavily on metrics such as engagement, perfor-
mance data, and usage patterns to guide the development process [47, 8]. Data-driven
design is often used to optimize product features for maximum usability and efficiency,
aiming to improve user experience based on empirical evidence. For example, a data-
driven design in an e-commerce platform might focus on increasing conversion rates
and time spent on the site by analyzing user interaction data and then tweaking the
interface accordingly to achieve these metrics.

While data-driven design excels in precision and optimization, it may sometimes
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neglect the broader ethical and social implications of technology, focusing predomi-
nantly on numerical metrics [28]. Conversely, value-driven design’s strength lies in its
ethical grounding and focus on the user, though it might struggle with quantifying
success and operational efficiency. This paper integrates value-driven principles with
data-driven insights. Doing so allows technologists to develop technologies that not
only achieve high performance but also resonate deeply with user values and societal

norms [46].

1.2.3 Design Thinking

Design thinking has emerged as a robust methodology for addressing complex prob-
lems in various domains, including education. Rooted in a user-centric approach, this
methodology has five stages as seen in Figure 1.1. Empathize, where designers un-
derstand users’ needs through research; define, which focuses on articulating the core
problems; ideate, involving brainstorming potential solutions; prototype, where tan-
gible versions of solutions are created; and test, where these prototypes are evaluated
and refined based on user feedback.

In the context of educational technology, design thinking proves particularly ben-
eficial as it involves active collaboration with both stakeholders (students and educa-
tors) to identify and address their specific needs. By incorporating iterative feedback
loops, this approach ensures that the resulting tools are not only functional but also
enhance the overall learning experience. Building the right product along with build-
ing the product right. The application of design thinking to develop interactive class-
room tools can lead to more effective and engaging educational environments, pro-

moting better student participation and engagement through thoughtfully designed
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By N

Detine

Figure 1.1: Stages of the Design Thinking Process

solutions that address real-world challenges.

1.3 Research Questions

RQ1 How can educational software be designed, using design thinking principles, to
enhance student engagement while minimizing additional workload for instruc-

tors?

RQ2 How can Al be utilized in educational software to replicate or improve upon
tasks traditionally performed by instructors, such as question selection, and

how does its performance compare to that of experienced educators?

RQ3 What are the most effective strategies for using real-time feedback and question
filtering systems to improve group dynamics and interaction during student

presentations?

10
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1.4 Contributions

The primary contribution of this work is the design of a tool to enhance student
engagement in large classroom settings, specifically during student-led presentations.
This software prototype, titled Interaction.ai (See Chapter 6), was developed through
an interactive process and informed by qualitative and quantitative feedback from
both students and instructors during the initial prototype testing.

One key element of this study is the comparative analysis of the effectiveness of
Large Language Models (LLMs) and instructors in selecting relevant and insightful
questions during student presentations. The results demonstrate that Al-driven ques-
tion selection was not only as effective as instructor-selected questions but also more
efficient, reducing the logistical burden on educators while maintaining high levels of
engagement.

This thesis also presents an example of how the design thinking process can be
adapted to the development of educational tools. In contrast to the traditional rapid
prototyping cycles often seen in design thinking, the educational context required
a more deliberate approach due to the constraints of the academic calendar. This
study placed particular emphasis on the empathy phase, as understanding the needs
and challenges of both students and instructors was crucial in shaping the tool’s
development. Feedback from one deployment of the course was used to inform changes
in the subsequent iteration, highlighting the value of a user-centred approach even
within the limitations of longer development cycles.

Additionally, this research provides a detailed exploration of student expectations
and barriers to participation in large classroom settings. By analyzing both inter-

nal and external factors—such as anxiety, group dynamics, and social pressures—the

11
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study uncovers insights into what prevents students from asking questions and en-
gaging actively with their peers. These findings informed the design of a tool that
leverages technology to facilitate interaction, reduce cognitive and emotional barriers,

and ultimately foster deeper engagement in the learning process.

12
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Chapter 2

Literature Review

2.1 Research Methods

2.1.1 Design Thinking

Design thinking, a methodology originating in the mid-20th century, has its roots
in the disciplines of architecture and industrial design. The Bauhaus movement,
emerging in the early 1900s, significantly influenced design thinking by promoting
the integration of art, craft, and technology [50]. Simon [39] originally conceptualized
design as a systematic process in his seminal work The Sciences of the Artificial, which
framed design thinking as a problem-solving approach distinct from scientific inquiry.
Simon [39] was the first to mention design as a way of thinking and contributed many
ideas throughout the 1970s that are now regarded as principles of design thinking.
His work focused on making design scientific and explored whether human forms of
thinking could be replicated by machines—an area highly relevant in today’s design

landscape [11].

13
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Simon [39] emphasized the generation of satisfactory solutions quickly, rather than
in-depth problem analysis to produce an optimal solution. This approach, described
as ‘satisficing’ rather than optimizing, involves producing one of many possible sat-
isfactory solutions instead of attempting to find a hypothetically optimal one. Cross
[10] also observed this approach in other studies of design behaviour, including archi-
tects, urban designers, and engineers. The work of Cross [10] emphasizes the value
of design as a discipline and its methodologies, and has contributed significantly to
the academic foundation of design thinking.

Initially, design thinking aimed to improve the effectiveness and creativity of de-
sign processes in physical product development. Over time, its scope expanded, find-
ing applications in diverse fields such as business, education, software, and health-
care. The establishment of institutions like Stanford University’s d.school and the
influence of design firms such as IDEO played crucial roles in popularizing design
thinking beyond traditional design disciplines [21]. Design thinking also addresses
the fragmentation of scientific disciplines into specialized fields, proposing a holistic
approach to integrating these areas to solve new, complex problems in socio-technical
systems [11].

In the realm of software development, design thinking has become a widely adopted
approach due to its user-centered and iterative nature. In his Harvard Business Re-
view article, Brown [7] highlights the importance of collaboration across disciplines
and encourages organizations to adopt a design thinking mindset to foster innovation
and create solutions that are both functional and emotionally resonant. It involves
understanding the end-user’s needs through empathy, defining clear problem state-

ments, ideating multiple solutions, prototyping, and testing and is a way to encourage
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interdisciplinary collaboration. This methodology aligns well with agile software de-
velopment practices, fostering innovation and ensuring that software solutions are
both functional and user-friendly.

In the book Creating with Code: An Introduction to Functional Programming,
User Interaction, and Design Thinking, Anand et al. [1] further illustrates how de-
sign thinking can be effectively integrated into software development. The authors
emphasize the importance of empathy to understand user needs, the definition of
clear problem statements, and iterative prototyping to refine solutions. They high-
light practical exercises and real-world examples to demonstrate the application of
design thinking principles in creating intuitive and user-friendly software.

Empathy is a cornerstone of the Design Thinking process, in which designers
engage with users to understand their experiences, needs, and challenges. This un-
derstanding serves as the foundation for building solutions that are genuinely user-
centered. In the context of educational software, where diverse student needs and
learning environments must be accommodated, empathy allows designers to grasp
the nuances of both student and instructor experiences, ensuring that the developed
tools are relevant, inclusive, and effective.

According to Brown [7], empathy is about seeing the world through the eyes of
the user, gaining insights that might not be immediately apparent through quantita-
tive data alone. In education, this can involve understanding the pressures students
face during presentations, the challenges they experience with engagement in large
classrooms, and the frustrations instructors encounter when managing student par-

ticipation.
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Empathy also facilitates iterative improvement. As Brown [7] notes, by continu-
ally interacting with users throughout the design process, designers can refine their
prototypes based on real-time feedback. This iterative process, driven by empathy,
ensures that the software evolves in a way that remains aligned with user needs. Both
cognitive and emotional factors impact user experience, empathy ensures that the de-
veloped tools support not just functional learning outcomes but also the emotional
well-being of the users.

The benefits of incorporating design thinking in software development are mani-
fold. It promotes a deep understanding of user requirements, leading to more intuitive
and effective software products. Additionally, the iterative prototyping and testing
phases enable rapid identification and resolution of design flaws, reducing the risk
of costly errors later in the development process. By encouraging collaboration and
creativity, design thinking helps software development teams generate innovative so-

lutions that better meet user needs and market demands [7, 21].

2.1.2 Thematic Analysis

Thematic analysis has its roots in the broader tradition of qualitative research method-
ologies. Braun and Clarke [4] formally conceptualized thematic analysis as a distinct
method in their seminal paper, which laid out a clear guide for using it. This work
was pivotal in standardizing the approach and making it accessible to researchers
across various disciplines.

Braun and Clarke [5]’s method involves identifying, analyzing, and reporting pat-
terns (themes) within data. It is a flexible research tool for turning qualitative data

into rich patterns. Reflexive thematic analysis, in particular, emphasizes the
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researcher’s role in constructing themes—mnot just in finding them [5]. It allows re-
searchers to interpret nuanced data through an iterative process that includes coding,
generating themes, reviewing themes, defining and naming themes, and producing a
report.

Several studies have successfully employed reflexive thematic analysis in contexts
similar to this, emphasizing the usability and effectiveness of educational technolo-
gies. For instance, in Varanasi et al. [44]’s paper, thematic analysis was used to
explore participants’ emotional and cognitive responses when interacting with digital
platforms. The insights gained were instrumental in designing interfaces sensitive to
the user’s socio-economic and emotional contexts, thus enhancing user engagement
and satisfaction.

In his paper on how students perceive ChatGPT in educational settings Shoufan
[38] utilized thematic analysis to uncover themes from student feedback and followed
up with a survey to quantify these insights. This method allowed him to identify and
address key areas of student concerns and interests regarding ChatGPT’s application
in learning environments. This method enriched the understanding of user require-
ments and experiences as well as ensuring that the tool development is grounded in
actual user needs and preferences, facilitating a user-centred approach in educational

technology design.
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2.2 Using Dashboards to Improve Educational Out-
comes

In the context of educational dashboards, Tissenbaum et al. [41]’s exploration of
real-time visualization of student activities represents an important development in
supporting classroom orchestration through technology. Their paper emphasizes how
technology-enhanced environments can offer instructors immediate insights into stu-
dent engagement and progress, enabling better decision-making during class. Unlike
traditional dashboards, which focus on post-hoc reflections, the tools discussed in
this research present live data, giving teachers real-time control without overwhelm-
ing them.

These dashboards are designed to reduce the “orchestrational load” (i.e., the cog-
nitive burden) on educators by visualizing data in ways that are easily interpretable
and actionable. This is particularly valuable in inquiry-based, open-ended learning
environments, where students progress at different paces, making it difficult for teach-
ers to gauge the needs of the class in real time.

The paper also points to critical questions about what data should be captured
and how it should be visualized to support meaningful interventions. By creating
real-time dashboards, teachers can ensure students remain on track while fostering
collaboration and participation. The study underlines how such technologies must
integrate seamlessly into a teacher’s workflow, providing valuable insights without
requiring excessive manual intervention.

The inclusion of these orchestrable technologies into the classroom illustrates the

growing importance of harnessing telemetry data—mnot just for reflection, but for
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making informed decisions in real-time. This research is crucial to understanding
how technology can assist educators in dynamically managing classroom activities
and is a valuable reference point for other educational technology designs seeking to

improve interaction, feedback, and engagement.

2.3 Large Language Model Ranking

In Webb et al. [49]’s paper “Emergent Analogical Reasoning in Large Language Mod-
els” the authors explore the capacity of Large Language Models (LLMs) like GPT-3
to perform zero-shot analogical reasoning tasks, a hallmark of human cognitive abil-
ity. Their research focuses on comparing LLM performance with human participants
across several analogy-based reasoning tasks, including non-visual, text-based matri-
ces.

The study finds that GPT-3 matched or surpassed human performance, demon-
strating strong reasoning abilities with little direct task-specific training. This shows
that LLMs have emergent reasoning capabilities, raising questions about their poten-
tial future use in diverse fields, including ranking tasks.

Analogical reasoning plays a central role in identifying patterns in diverse datasets,
making it highly relevant to AT applications in education. Webb et al. [49]’s findings
suggest that Al systems can make meaningful, reasoned selections without direct
training on specific tasks. This capability not only highlights the future possibilities
of LLMs in supporting instructional tasks but also underscores their ability to mimic

human reasoning in structured decision-making scenarios.
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2.4 Generative Al in Education

Generative Al presents both opportunities and challenges for education, particularly
in higher education settings. Large Language Models (LLMs) such as GPT-4 are
increasingly integrated into teaching and assessment. Generative Al in education pri-
marily refers to applications powered by large language models (LLMs), such as GPT-
4. These LLMs are machine learning algorithms designed to process vast datasets,
generating predictions and responses based on user prompts. Although generative Al
also includes models for images and videos, LLMs are central to the challenges and
opportunities in tertiary education today.

Lodge et al. [25] explores the rapidly evolving landscape of generative AT and its
implications for higher education through the creation of a research agenda. The
authors emphasize that, while Al in education has been researched for decades, the
unexpected emergence of tools like ChatGPT has outpaced prior predictions. This
sudden advancement has left educational institutions grappling with the implications,
requiring a strategic research agenda to address the changes. And, in their opinion,
previous scholarship is not helpful: “It is evident that much of the scholarly discussion
and debate from as recently as [2022] is now sorely outdated given the emergence
of tools such as ChatGPT.” The paper calls for an in-depth examination of how
generative Al reshapes learning, assessment, and policy within tertiary education.

Topics of interest in Lodge et al. [25]’s work span assessment [53], learning and
teaching through and with AT [22], and the technical and ethical aspects of Al relevant
to education [27].

Zawacki-Richter et al. [53] conducted a systematic review of research conducted

between 2007 and 2018 regarding Al in higher education. Despite Al’s longstanding
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presence in education research, the paper highlights that educators still face challenges
in understanding how to meaningfully integrate Al into pedagogical practices. The
review aims to clarify the existing landscape of Al applications, focusing on the in-
tersection between educational technology and Al while questioning where educators
fit into the conversation.

The review shows that most research comes from STEM fields, particularly com-
puter science, with quantitative methods being the most frequently used in empirical
studies. One of the critical reflections of the paper is the lack of integration between
Al research and pedagogical theories, as well as the minimal discussion around ethical
challenges and risks associated with Al in educational settings.

Zawacki-Richter et al. [53] also emphasize the potential risks of Al in higher educa-
tion, such as concerns around data privacy, the replacement of human educators, and
the ethical implications of relying heavily on automated systems for teaching and as-
sessment. The paper underscores the need for future research that more closely aligns
AT’s capabilities with pedagogical goals while addressing the ethical considerations of
Al-enhanced learning environments. It calls for educators to play a more active role
in shaping the development and deployment of Al in education to ensure it is used
in a way that supports both learning and teaching effectively.

The widespread availability of generative Al has drastically reduced the effort and
risk associated with cheating while making detection significantly harder, if not im-
possible. This shift presents a critical challenge for educators, as traditional methods
of assessment are being undermined. However, this situation also offers a unique
opportunity to rethink the purpose of education. It invites educators to reconsider

the nature of learning, how knowledge is acquired, and how to best prepare students
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to use generative Al tools responsibly in both academic and professional settings.
Instead of focusing solely on detection, educators can explore ways to integrate these
tools into curricula, fostering critical thinking and ethical usage that align with the
demands of modern work and life. For one thing, Al is likely to be a core tool in their
toolkit during their careers.

In their work, Kuka et al. [22] explore the transformative impact of artificial in-
telligence (AI) in higher education. Through a scoping literature review, the authors
synthesize key Al-related technologies such as machine learning, learning analytics,
and data mining, while highlighting the pervasive yet often invisible role these tech-
nologies play in enhancing teaching and learning. Al’s applications range from au-
tomation and predictive analytics to personalized learning and intelligent tutoring
systems, all contributing to improved educational experiences. However, the chapter
also stresses the growing importance of 21st-century skills—such as critical thinking,
collaboration, and computational literacy—for both students and educators, as they
adapt to this digital transformation.

Kuka et al. [22] underscore how AI can seamlessly operate behind the scenes,
offering recommendations or automating routine tasks, but they also highlight the
potential risks associated with its integration. The paper concludes by asserting
that higher education institutions must adapt their curricula to prepare students
for a rapidly changing, Al-driven labor market. This involves equipping students and
educators with digital literacy skills that encompass not just technical proficiency but
also critical thinking and ethical decision-making in the context of Al technologies.

In “Human and Artificial Intelligence Collaboration for Socially Shared Regulation

in Learning,” Jarveld et al. [20] explore the potential for combining human and Al
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capabilities to improve learning regulation, specifically in socially shared regulation
(SSRL). They introduce a hybrid model of human-Al shared regulation (HASRL)
that emphasizes the strengths of both human and Al systems in managing cognitive,
emotional, and social aspects of learning. The study argues for using Al to assist
in routine tasks, freeing humans to focus on more complex and adaptive aspects of
learning, like goal-setting and collaboration.

Jarvela et al. [20] highlight the potential for AI in learning environments to en-
hance student self-regulation by providing real-time insights and fostering collabora-
tion. By examining how human-Al partnerships could support socially shared regula-
tion, they propose using Al in tandem with human expertise to create more effective
educational interventions. This paper suggests that combining Al’s efficiency with
human creativity could unlock new opportunities for educational research, especially
in terms of developing tools that support collaborative learning and deeper regulatory
processes in both short-term and long-term learning cycles.

This work underscores the importance of hybrid intelligence—leveraging both hu-
man and Al strengths—to create learning systems that are both effective and eth-
ically sound. The integration of multimodal data collection and learning analytics
tools shows the promise of Al in advancing the learning sciences and facilitating more
meaningful interactions between students and teachers.

Generative Al particularly large language models (LLMs) like GPT-4, are becom-
ing increasingly integrated into educational environments. While these models have
the potential to enhance learning, students must be made aware of their limitations,
such as generating misleading or incorrect responses. By critically evaluating Al out-

puts, students can develop essential skills that will serve them in academic contexts
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and their future careers.

2.4.1 Educational Software to Improve Participation

Fan et al. [16] developed a tool called CourseMIRROR, a mobile learning platform
designed to enhance instructor-student interactions in large classrooms. Using NLP
techniques, CourseMIRROR streamlines the process of collecting in-situ reflections
from students after each lecture. The system provides immediate feedback on the
quality of these reflections, scaffolding students to compose more specific, higher-
quality responses, which are then summarized and presented to both students and
instructors. This process helps instructors identify areas of confusion and adapt their
teaching strategies accordingly.

By facilitating timely submission of reflections, CourseMIRROR directly addressed
participation challenges in large classrooms. The feedback loop not only scaffolded
students’ reflection-writing process but also increased their engagement by ensuring
that their reflections were pedagogically valuable. The system’s ability to summarize
student reflections and present significant insights to both instructors and students
enhanced communication and understanding of learning progress. This real-time in-
teraction encouraged active involvement from students, thereby improving the overall
learning environment.

This work is also notable for its scalability. Fan et al. [16] demonstrated the
system’s robustness across various STEM subjects and its ability to handle large
classroom environments with minimal disruptions. By automating much of the re-
flection and feedback cycle, the tool reduced the manual workload for instructors

and helped them tailor their teaching strategies to address the specific areas where
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students struggled. CourseMIRROR thus serves as a model for how Al and NLP can
be integrated into educational software to promote engagement, reduce friction, and
streamline student-instructor interaction in large classroom settings.

Sarsa et al. [35] explore the potential of OpenAl Codex in generating programming
exercises and code explanations for introductory programming courses. By leveraging
natural language generation, Codex creates programming problems, sample solutions,
and code explanations that can be directly integrated into courses. The study found
that most of the generated content was novel and relevant, but it still required some
human oversight to ensure accuracy, especially with corner cases and faulty test cases.

The work highlights the benefits of using Al-driven tools like Codex for scaling
the creation of exercises in large courses, where manually designing diverse and high-
quality programming exercises is a significant challenge. Codex’s ability to generate
programming problems, solutions, and accompanying explanations saves instructors
time and effort, allowing them to focus more on other pedagogical tasks. While some
generated outputs may need minor adjustments, the results suggest that Al tools
can be valuable in streamlining the course design process, creating a scalable and
efficient way to address the increasing demand for personalized and active learning
experiences.

The use of generative Al models, like Sarsa et al. [35]’s work with Codex, provides
an automated mechanism for scaling educational resources without sacrificing quality,
supporting the broader objective of leveraging Al to improve classroom interaction
and participation. By reducing instructors’ workload and providing immediate, scal-
able feedback to students, tools like Codex could play a key role in fostering active

learning and engagement, much like the systems discussed throughout my research.
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Similarly, the work of Rai et al. [31] explores how generative Al tools, such as
OpenAT’s GPT models, can be used to generate assessments for Massive Open Online
Courses (MOOCs). The authors emphasize the potential of Al to quickly produce
various types of assessments, such as quizzes and self-evaluation exercises, which can
be useful for both educators and learners. By experimenting with prompts related
to a foreign language course, the study shows how educators can create assessments
efficiently using Al tools, though the need for oversight and content verification is
stressed.

One of the major findings of the paper is that with careful prompting, gener-
ative Al tools can create relevant, scalable assessments that suit the diverse needs
of MOOCs. Given the constraints of traditional methods, AI enables educators to
generate assessments for large online classrooms more rapidly. However, the pa-
per also points out potential limitations, including concerns over the creativity of
instructors and the need for verifying Al-generated content to avoid errors or hallu-
cinations—incorrect outputs provided by the Al

Rai et al. [31]’s work highlights the balance between the benefits and challenges
of using generative Al in education, specifically in assessment creation. While gen-
erative Al tools can streamline assessment design, some educators and institutions
may resist their adoption due to concerns about academic integrity and the loss of
instructor creativity. The paper argues that, despite these challenges, generative Al
is a powerful complement to traditional assessment methods, particularly in the con-
text of online learning environments like MOOCs, where scalability and efficiency are
critical. Just as MOOCs benefit from Al in assessments, classroom settings can simi-

larly use Al to streamline participation management and encourage more interactive
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learning experiences.
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Chapter 3

Methodology

This chapter outlines the methods and procedures used in this study to enhance
student engagement in a large university classroom setting. Conducted during the
Fall 2023 semester in a first-year computer science course at McMaster University with
197 students, the study explores the effectiveness of various technological interventions
to encourage interaction and participation, particularly during group presentations.
This chapter discusses the methods employed, including an overview of the study’s
phases and the qualitative and quantitative research techniques utilized, such as user
interviews, surveys, and feedback loops with both students and instructional staff.
Additionally, it addresses the application of design thinking principles, reflexive the-
matic analysis, and assessment techniques like confusion matrices and Kappa scores,
which were used to evaluate inter-rater agreement before and after consensus. The
chapter will also explore the rationale behind these methodological choices and their

implications for educational technology research.
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3.1 Research Design Overview

3.1.1 Course Context

This study was conducted during the fall semester of 2023 in a first-year computer
science course at McMaster University, with 197 enrolled students. The study’s pri-
mary objective was to improve student engagement, particularly in the context of
group presentations. The course structure required students to select their presenta-
tion groups and topics, which spanned a wide range of core computer science concepts
and their applications to society, business, and science.

Students chose topics such as emerging technologies like generative Al and cryp-
tocurrency, as well as the societal impacts of innovations like social networks. These
topics were supported by accessible source materials; for example, probabilistic graph-
ical models were introduced using “The Book of Why” by Judea Pearl. While this
diversity of topics provided broad exposure to relevant issues, it also posed a risk of
reducing student engagement.

Each group was required to deliver a pre-recorded presentation followed by a live
Q&A session. Presentations could be watched in advance or during class sessions,
and active participation, primarily through asking questions, was integrated into the
course’s grading scheme. This approach encouraged students to engage with each
other’s presentations, but it also resulted in a high volume of questions per group, with
some groups receiving up to 168 questions. Managing and filtering these questions
within a limited timeframe (typically less than 10 minutes) presented a significant

logistical challenge.
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3.1.2 Problem Identification

This research was catalyzed by the 1JC3 professor’s concerns regarding low levels of
engagement and participation in the classroom, specifically in the context of group
presentations. Recognizing these challenges, the professor sought to explore potential
solutions that could enhance student interaction and streamline the process of ques-
tion collection and handling. This situation underscored the need for a systematic

study to address these critical educational barriers.

3.1.3 Study Design

One key element of the study was the evaluation of Al-curated questions versus
instructor-curated questions to improve student interaction during group presenta-
tions and Q&A sessions. Traditional methods of question selection, such as opting
for the most recent or shortest submissions, were insufficient for ensuring fairness or
relevance. Alternative methods, including peer-upvoted questions or random selec-
tion, were considered but did not fully address the problem. Thus, the study in-
troduced two strategies for filtering questions: 1) professor-filtered, non-sophisticated
methods, and 2) advanced, Al-based filtering using LLaMA, an open-source large lan-
guage model by Meta. LLaMA was used locally on a secure desktop to process and
filter the questions, offering a novel solution that balanced effectiveness with concerns
about privacy and data control.

The iterative nature of the prototype design allowed for continuous refinement
of the methods used to enhance engagement, with insights gained from this process
informing the development of future prototypes. Chapter 5 of this thesis explores

these findings in greater detail.
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The ultimate goal of this study was twofold: first, to develop an application that
encourages students to actively engage with their peers’ presentations and enhance
their understanding and retention of the material. Second, the study aimed to create
a tool that simplifies engagement, making participation feel more effortless for both
students and instructors (or audience and presenter). By integrating traditional and
Al-driven methods, the study sought to address logistical challenges while fostering
a systematic and equitable approach to managing student interactions and participa-

tion.

3.1.4 Design Thinking

Design thinking is an iterative, human-centred approach to problem-solving that em-
phasizes understanding users’ needs, generating a wide range of creative ideas, and
continuously refining solutions. This methodology unfolds across five stages: empa-
thy, define, ideate, prototype, and test. Each stage is interconnected, with feedback
loops ensuring the developed solution remains aligned with user requirements.

The process begins with the empathy phase, which is the foundation of design
thinking and where this research placed significant emphasis. The goal of this stage
is to deeply understand the problems students and instructors face, not only through
direct interaction but also by observing and analyzing their behaviours in educational
settings. In this study, empathy was operationalized through interviews, surveys, and
feedback loops with both students and instructional staff. These activities aimed to
identify pain points in classroom engagement, such as low participation during pre-
sentations and ineffective question management during group discussions. Engaging

users early in the process ensured that the prototype addressed authentic problems
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rather than assumptions about what users might need.

Following this, the define stage synthesizes the gathered information to craft a
clear and actionable problem statement. It refines the understanding of user needs
and challenges, focusing the project on human-centred solutions.

The ideation stage then encourages the generation of a broad spectrum of ideas,
prioritizing quantity over quality to maximize creativity and reduce the likelihood
of overlooking unconventional solutions. This emphasis on volume encourages a di-
verse range of perspectives and fosters innovative thinking. In this research, ideation
was operationalized through student questionnaires (particularly 5.26). Discussions
with course staff also explored potential feature options, allowing for a collaborative
brainstorming process that ensured both students’ and instructors’ perspectives were
considered in the development of new functionalities.

The fourth stage, prototyping, converts the best ideas into scaled-down, work-
able models. This step focuses on refining and converging the wide range of potential
solutions. These prototypes, whether simple physical forms or interactive digital
models, allow for iterative testing and refinement based on real-world application and
usability. In this research, an initial prototype was developed (See Chapter 4), and
the second is explored in Chapter 6.

Finally, the test stage involves evaluating prototypes in real-world settings typi-
cally by actual users. This phase is crucial for obtaining feedback and assessing the
effectiveness of the solutions. Insights from this stage can lead to further refinements,
or even revisiting earlier stages to perfect the approach. The findings from this test-
ing phase, including key insights and challenges, are explored in detail in Chapter 5,

offering a clear view of how initial user interactions shaped the next prototype.

32


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

In the context of educational technology, design thinking offers a structured yet
flexible framework for creating innovative solutions that enhance user experience—in
this case, improving student engagement and participation in large classroom settings.

The decision to employ design thinking in this research stemmed from its strong
emphasis on user-centric design, making it particularly appropriate for the develop-
ment of educational software. Unlike more traditional approaches that may prioritize
technological capabilities, design thinking starts by focusing on the real-world experi-
ences of users, ensuring that the technology developed serves their actual needs. This
approach allows the development process to remain grounded in the users’ experi-
ences—students and instructors alike.

Empathy was not just confined to the early stages of this research but remained
an ongoing component. The iterative nature of the design thinking process meant
that student and instructor feedback was continually sought, with their insights di-
rectly influencing each phase of the prototype’s development. For instance, during
initial testing, students highlighted difficulties with asking questions, which led to the
refinement of features aimed at improving question management and reducing social
anxiety. These insights were crucial in ensuring that the software remained relevant,
practical, and user-friendly throughout its evolution.

By focusing on empathy, the research also recognized the cognitive and emotional
dimensions of learning. Understanding how students felt when engaging with the
software—whether it reduced anxiety or facilitated more active participation—was
just as important as the technical functionality. Instructors, too, provided valuable
feedback on how the tool could ease their workload while promoting more equitable

student participation.
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Ultimately, design thinking was chosen because it ensures that technology does not
exist in isolation from its users. Its emphasis on empathy ensured that the software
developed in this research was tailored to meet the specific needs of students and

instructors, making it a more effective tool for improving classroom engagement.

3.2 Feedback Collection

3.2.1 Instructional Staff Interviews

As part of the iterative design process, a series of three structured prototype review
sessions were conducted with instructional staff to gather feedback on both the course
structure and the prototype itself. The first session focused on identifying challenges
within the course that could be addressed through a software-based solution, setting
the foundation for initial design decisions. The second session concentrated on eval-
uating the functionality and impact of the initial prototype, with staff reflecting on
how its features compared to their prior experiences teaching this or similar courses.
It also discussed potential future improvements and new features that could be incor-
porated into the final prototype. During this session, feedback centred on observed
classroom challenges that persisted despite the initial prototype and how additional
features could address those issues.

The final session was a review session for the proposed prototype where staff had
the opportunity to give feedback on the final design. Instructional staff provided
insights into how the revised design might alleviate these challenges and anticipated
how the proposed changes could influence student engagement and classroom dynam-

ics. These review sessions played a crucial role in refining the prototype, ensuring that
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it was aligned with the practical needs of educators while addressing key pedagogical
challenges.

The staff interviews were conducted via Microsoft Teams, allowing for flexible
scheduling while ensuring the conversations remained secure. These semi-structured
interviews began with broad questions about the course’s progress, the instructors’
overall experiences, observations, and any challenges they encountered. From there,
the discussions shifted to specific areas such as the effectiveness of the current teaching
tools, the level of student engagement, and the dynamics of classroom interactions, all
informed by insights gained during the initial, broader phase of the interview. Other
key discussion points included the impact of remote learning on teaching methods,
student participation, the use of supplementary materials, and any difficulties with
the existing anonymous question-asking system.

The primary focus was to gain a clear understanding of the firsthand experiences
of the instructional staff with the initial prototype. This approach allowed us to
identify recurring themes and specific pain points to ensure that the new software

would address the real needs and concerns of the instructional staff.

3.2.2 Student Questionnaires

Two surveys were administered throughout the course to collect data to inform the
development of more effective engagement strategies. The participation rate was
favourable with 163/197 students participating in at least one of the surveys.

The first questionnaire aimed to assess the intrinsic and extrinsic factors influ-

encing student participation, particularly in the context of asking questions in large
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classroom settings. It consisted of 14 questions: one true or false, eight multiple-
choice, and five short-answer questions. The second survey was conducted after the
presentations were completed. It aimed to evaluate the initial prototype, investi-
gate the flipped classroom model, measure the impact of videos with automatically
generated transcripts on accessibility and course structure modifications, and gather
feature suggestions. It also consisted of 14 questions: seven multiple-choice and seven
short-answer questions. A copy of the questionnaires can be found in the appendix
7.3.

The findings of these questionnaires are explored in detail in Chapter 5.

3.3 Qualitative Coding and Reflexive Thematic
Analysis

The size of the course and the number of short answer questions presented a large
amount of qualitative data to sift through. 1,182 written responses totalling 35,418
words and 205,889 characters were anonymized and systematically analyzed multi-
ple times through reflexive thematic analysis[5]. The final analysis resulted in 2,161
codes applied to the written answer responses signifying an average of approximately
1.8 codes per response. Reflexive thematic analysis, in particular, emphasizes the
researcher’s role in constructing themes — not just in finding them[5]. In our con-
text, it was used to transform qualitative questionnaire responses into quantifiable
insights that inform the design and functionality of an educational tool. By ana-
lyzing the qualitative data gathered from surveys and interviews, the research could

systematically categorize data into thematic clusters. This approach allowed for the
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identification of recurring ideas or sentiments that could influence design decisions,

thus bridging qualitative data with quantitative needs for software development.

3.3.1 Thematic Codes

A set of 39 codes were developed to categorize and analyze the qualitative data from
student responses. These codes and their corresponding descriptions are detailed in
Tables 3.1, 3.2 and 3.3. Each code was defined and chosen to reflect significant themes
relevant to student engagement, the dynamics of question-asking, and classroom in-
teraction patterns. The process involved an initial reading of the responses to identify
recurring themes, followed by a discussion with a committee to refine and finalize the
codes. This approach ensured that the codes were both representative of the data
and useful for highlighting specific aspects of student experiences and behaviours.

Each code was carefully defined to capture significant themes that emerged from
the data, particularly those related to student engagement, question-asking behaviours,
and patterns of classroom interaction. The development of these codes followed a
structured process, starting with an initial reading of the responses to identify re-
curring themes. This was followed by several iterations of discussion and refinement
with a committee to ensure that the codes were grounded in the data and tailored to
highlight the most relevant aspects of student experiences.

The coding process involved two independent raters who each applied the codes
to the data in a blind coding exercise, where neither rater had access to the other’s
responses. This method was chosen to ensure objectivity and minimize bias. Af-
ter completing the initial round of coding, the two raters convened to resolve any

disagreement between their responses. Cohen’s Kappa, discussed further in Section
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Table 3.1: Code Reference Table A-G

Code Description

ACCOUNT Students who mention an issue with accountability to their

group

ANON Students who positively talked about the anonymous na-
ture of question asking

ANX Students who talked about nervousness / social anxiety

BREAK Students who noted they wanted to take breaks

CAPT Students who mentioned captions / transcript

CODE Students who wanted more help on the coding portion of

the presentation (from peers, examples, or more lecture
time explaining)

COMMON Referring to questions that other students have as well (re-
latable) or that other students would want to know

CONCISE Referring to questions that are short and to the point /
well worded

DEBAT Students who wanted a debate between groups

DEEPEN Referring to questions that deepen the understanding or
clear uncertainty of a topic, taking new perspectives or
enhancing critical thinking

ELMpos Students who talked positively about the Elm program-
ming language used in the course

ELMneg Students who complained or spoke negatively about Elm

ENGL Students who mention challenges with English

FOCUS Students who had difficulty with distractions in class or

maintaining focus during the presentations

GPT Answers that are suspected to be written by ChatGPT or
a generative Al
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Table 3.2: Code Reference Table I-P

Code Description

INTERpos Students who talked positively about interacting with
other students

INTERneg Students who had a negative experience with other stu-
dents

IRL Students who mentioned the importance of in-person learn-
ing

LENdec Students who noted the presentations were too long

LENinc Students who noted the presentations were too short

LIVE Students who preferred to see a live presentation instead
of prerecorded

NOISE Students who complained about the noise level in the class-
room or about the audio quality

ONL Students who preferred the prerecorded presentations or
mentioned positive aspects of hybrid or virtual learning

OUTCOME  Students’ expected outcomes

PACE Students who mentioned the pace of the course (i.e. the
fast pace of the course)

PERS Students who mentioned the challenges of different learning
styles / wanting personalized learning

PREREQ Students who talked about not feeling properly prepared
for the course / not beginner friendly

PROCESS Students expectations for the process of the course

PROF Students who talked about the importance of the role of

the professor
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Table 3.3: Code Reference Table Q-T

Code Description
QAinc Students who wanted more time for the Q& A period
QAmov Students who wanted the time of the Q&A period moved

(in some cases immediately after the presentations)

RELEVANT  Referring to questions that are contextualized to the topic
discussed or have applications in the real world

RESOURCE  Students who talked about a lack of resources (time with
prof / TA, online resources, etc.)

ROUNDpos Students who liked sitting at the round tables in the active-
learning classroom or mentioned the ease of socialization
due to the classroom set-up

ROUNDneg Students who didn’t like sitting in the round tables for
some aspect of the course

RUBR Students who complained about the rubric / structure /
format of the course

SIZE Students who complained about the size of the classroom

TIMEMGMT  Students who talked about time management

TIME Students who indicated a temporal element to the
(recorded) presentations (pausing, rewinding, replaying,
etc)

40


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

3.4.1, was calculated to assess the inter-rater reliability and provide a statistical mea-
sure of agreement between the two coders. As expected, some disagreements arose,
often due to minor oversights or coder fatigue, which the Kappa score reflected.
Through a discussion, the raters were able to resolve all differences, often uncover-
ing cases where rare codes were being interpreted differently. This dialogue not only
improved the consistency of the coding but also provided further insights into the
nuances of certain themes, allowing for a more precise application of the codes. Ulti-
mately, this process resulted in a perfect inter-rater agreement, ensuring the reliability

and robustness of the thematic analysis.

3.4 Quantitative Analysis

3.4.1 Cohen’s Kappa

To quantitatively analyze the qualitative data, the responses were clustered into the-
matic codes, following the Reflexive Thematic Analysis approach 3.3. To assess the
reliability of the coding process and measure the agreement between two independent
raters, we used Cohen’s Kappa coefficient (k), a robust statistical measure that ac-
counts for the probability of chance agreement [23]. Unlike simple percent agreement,
Cohen’s Kappa adjusts for the likelihood that coders might agree purely by chance,
offering a more accurate evaluation of inter-rater reliability .

Cohen’s Kappa (k) is defined by the following formula:

Po — Pe
1_pe

KR =
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where p, is the observed agreement proportion, and p, is the hypothetical probability
of chance agreement. For binary decision tasks, which was used in this research,

Cohen’s Kappa is calculated by the following simplified formula:

2 x (TP x TN — FP x FN)
(TP+ FP)x (FP+TN)+ (TP+ FN) x (FN +TN)

Where the components are defined as:

e TP (True Positive): The count of instances where both raters independently

applied the same code, agreeing on a positive classification.

e TN (True Negative): The count of instances where neither rater applied the

code, agreeing on a negative classification.

e FP (False Positive): The count of instances where the first rater applied the

code but the second did not.

e FN (False Negative): The count of instances where the first rater did not

apply the code but the second did.

This formula quantifies the agreement between two raters, while adjusting for the
possibility of random agreement. By incorporating both instances of agreement and
disagreement, Cohen’s Kappa (k) provides a more nuanced measure of inter-rater
reliability. It is particularly suitable for binary classification tasks, where accurate
and consistent identification of themes is crucial to the integrity of the analysis. The
resulting Kappa values offer insight into the reliability of the coding process, with
higher values indicating stronger agreement between raters.

To further evaluate inter-coder reliability, we computed Cohen’s Kappa for all

codes identified by at least one rater, with the results visualized in the histogram
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Figure 3.1: Histogram of inter-coder agreement as measured by Cohen’s Kappa for
all questions and codes identified by at least one rater. The small negative values
indicate instances of no agreement on rare codes, highlighting the challenge of
coding infrequent themes. However, for more common codes, the histogram shows
strong inter-rater reliability, with the majority of Kappa values falling between 0.3
and 0.9, indicating moderate to high agreement.

seen in Figure 3.1. The distribution of Kappa values provides insight into the level of
agreement across different thematic codes. As depicted, the majority of Kappa values
range between 0.3 and 0.9, representing moderate to substantial agreement between
raters. The presence of small negative values reflects instances where no agreement
was reached, which primarily occurred for very rare codes. This distribution suggests
that while disagreement was minimal and mostly confined to infrequent codes, com-
mon themes demonstrated high levels of consistency between raters. Such patterns
confirm the overall reliability of the thematic coding process, as inter-rater agreement

was strongest for the codes that appeared most frequently in the data.
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3.4.2 Accuracy

Accuracy was calculated to assess the overall agreement between the two raters before
any discussion took place. It measures the proportion of correctly classified instances,
both true positives (TP) and true negatives (TN), relative to the total number of

classifications. The formula used for accuracy is as follows:

True Positives + True Negatives

Accuracy =
Hracy Total Population

This metric provides a straightforward, intuitive way to evaluate the level of con-
sistency between raters in applying codes to the data. By summing the true positives
(cases where both raters applied the same code) and the true negatives (cases where
neither rater applied the code), we can determine how often the raters agreed, re-
gardless of whether the code was applied. Accuracy gives a general sense of how
reliably the raters performed, though it does not account for the possibility of chance
agreement. Instead this is captured by Cohen’s Kappa, which is discussed in detail
in Section 3.4.1.

To provide a clear illustration of the accuracy scores across codes, a subset of
results from question 1.1 has been included in Table 3.4. This table displays the
Cohen’s Kappa values alongside the accuracy scores for each code, showing both
agreement metrics side-by-side. The full set of results for all questions can be found
in Chapter 5, where we provide a comprehensive analysis of the inter-rater reliability

across the entire dataset.
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Code Kappa Accuracy
INTERpos 0.8321783105 92.1%
ONL 1 100%
Question 1.1 R, 0.3784530387 94.1%
ROUNDpos 0.648721921 96.1%
PROF 0.6856677524 86.2%
OUTCOME -0.0221987315 91.4%

Table 3.4: Kappa and Accuracy by Code for Question 1.1, excluding codes which
were not used or resulted in perfect disagreement

3.4.3 Multiple Choice and True / False

In addition to the qualitative analysis, a quantitative approach was applied to multiple-
choice and true/false questions from the survey data. The more structured nature of
these questions allowed for a straightforward statistical analysis, contrasting with the
complexity of coding qualitative responses.

For effective visualization, bar charts and pie charts were used to illustrate the
distribution of responses and trends within the data. These graphical representations
made it easier to interpret patterns in the responses and communicate the quantitative
findings clearly. By employing these visual tools, the analysis became more accessible,
allowing for a quicker identification of key insights related to student engagement and

question-asking dynamics.

3.4.4 Confusion Matrices

To visualize the discrepancies in coding before reaching consensus, a selection of
confusion matrices for question 1.1 have been included as a representative example.
For brevity, only a subset of these matrices is presented, as including all matrices

for every question would have unnecessarily filled many pages. However, it was still
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valuable to incorporate a few as confusion matrices offer a clear visual representation
of how well codes aligned between raters, and they help identify where inconsistencies
occurred. This visualization allows for a deeper understanding of how frequently both
raters agreed or disagreed on specific codes before coming to an agreement.

The confusion matrices are visualized as heat maps, where the intensity of each
quadrant reflects the frequency of that particular classification (e.g. true positives or
false negatives). These heat maps provide a more intuitive understanding of inter-
rater agreement, allowing us to quickly assess where raters aligned and where incon-
sistencies occurred. By focusing on the most common codes, we were able to observe
patterns that were crucial for refining the coding process and enhancing the overall

reliability of the analysis.
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Figure 3.2: Question 1.1 Pre-agreement confusion matrices for all used codes.
Excludes 100% agreement or 100% disagreeement
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Chapter 4

Initial Prototype Design

The first iteration of the prototype for this study was implemented in a first-year
computer science classroom at McMaster University during the fall semester of 2023.
This prototype introduced a combination of prerecorded group presentations, question
collection via the Desire2Learn platform (branded as Avenue to Learn at McMaster),
and the use of Meta’s large language model, LLaMA, to support question selection
for class discussion. The overall goal was to explore how to enhance student partic-
ipation and engagement in large classroom settings, while maintaining an emphasis

on flexibility, privacy, and inclusivity.

4.1 Course Design Overview

The initial prototype was designed around the existing course infrastructure with
additional technological support provided by Avenue to Learn and the LLaMA model.
Avenue to Learn was the platform through which students accessed course content and

submitted assignments and questions. Microsoft Teams (MSTeams), was the platform
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where students could access live classes and recordings, and interact with classmates
and instructors. The prototype aimed to address the specific needs of a large, lecture-
based computer science course, in which maintaining active student engagement and
facilitating meaningful interaction posed significant challenges. The design of this

prototype was largely the result of interviews with the course’s instructional staff.

4.1.1 Prerecorded Presentation Access

A significant component of the initial prototype was the integration of various on-
line elements designed to provide students with flexibility and autonomy in how they
accessed and interacted with course content. The course made use of prerecorded
group presentations, which were created by student groups and made available online
through Microsoft Teams and Avenue to Learn. This hybrid approach allowed stu-
dents to view the presentations either during class time or asynchronously, offering
them greater control over their schedules.

The prerecorded presentations introduced several key features that enhanced the
learning experience. Students had the ability to pause, rewind, and re-watch seg-
ments of the videos, allowing for a more personalized pace of learning. For those
who preferred faster content consumption, the platform also supported viewing the
presentations at increased playback speeds (e.g., 1.5x or 2x speed). These features
were particularly beneficial for students who needed to revisit complex concepts or
were managing busy schedules that made live attendance difficult.

In addition to the video content, the presentations’ transcripts were made avail-
able. These transcripts allowed students to follow along with the presentation text,

search for specific sections, or review content without needing to watch the entire
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video again. This feature not only catered to different learning styles but also added
important accessibility options for students who were hard of hearing or had a lan-
guage barrier, such as international students. By providing both video and text-based
materials, the course ensured that students with diverse needs could access and engage
with the content in a way that best suited their abilities and preferences, fostering a
more inclusive learning environment.

Students could access these resources from any location with an internet connec-
tion, making the presentations highly accessible whether they chose to watch in class,
at home, or on the go. This flexibility was a key design consideration, especially
given the diverse schedules and commitments of first-year students. Some students
commented on enjoying watching the videos while commuting to class. By allowing
students to engage with the material at their convenience, the prototype aimed to
reduce the barriers to participation and ensure that all students, regardless of their
circumstances, could stay engaged with the course.

This design, leveraging prerecorded videos, transcripts, and flexible viewing op-
tions, provided a foundation for a more accessible and student-centred approach to
learning. It acknowledged the diverse needs of the students, allowing them to learn at
their own pace and revisit materials as necessary, which is critical in large, content-
heavy courses like first-year computer science.

The Q&A portion, however, was conducted live during class. After watching the
presentations, students could participate in a live question-and-answer session where
the presenting group addressed questions submitted by their peers. These Q&A
sessions were also recorded and made available afterward for students who could not

attend in real-time. However, students were not able to submit questions after the live
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session, and any questions not asked during the session would not be addressed by the
presenting group. This structure was designed to incentivize engaged participation

and encourage students to attend the live sessions.

4.1.2 Question Submission via Avenue to Learn

One of the primary ways students interacted with the presentations was through sub-
mitting questions. Using Avenue to Learn (A2L), students submitted questions for
each presentation as they watched through a form linked to each group’s presentation.
The question portal was only available during class time to ensure students were ask-
ing while the groups were available to answer their questions. The platform required
that submissions be linked to the student’s ID. However, during the live sessions,
all submitted questions were presented anonymously to the classroom, so the other
students and presenting groups could not see who had asked each question. This
allowed for privacy and reduced potential social anxiety while reducing irrelevant or
inappropriate comments.

From the instructor’s perspective, this system provided a dual benefit: instructors
could see the names of the students who submitted questions, allowing them to track
participation and provide positive feedback, but students did not face the potential

negative consequences of having their questions singled out in front of the class.

4.1.3 Question Selection and Live Q&A

In addition to manually selecting questions, the course design incorporated LLaMA,
Meta’s large language model, to assist with selecting a representative sampling of

questions. Hundreds of questions were submitted for each group since 197 students
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could ask up to three questions. The course design incorporated LLaMA, Meta’s
large language model. The LLM was run locally on a graduate student’s private
computer, ensuring that student data remained secure and private, and did not leave
the university’s infrastructure. This was a key design choice to address any concerns
about privacy, although the submissions did not contain any sensitive information.

The LLM'’s role was to perform a sorting task: after students submitted their
questions via Avenue to Learn, a graduate student inputted the list of questions into
LLaMA where the LLM would analyze and select 5-8 of the most interesting and
representative questions conducive to class discussion. The professor also chose 5-
8 questions manually, however, this took much longer, preferred early submissions,
since questions were posted based on a single live read-through, and was cognitively
resource intensive. This process allowed for a comparison between human and Al-
curated questions and explored the potential for Al to augment instructional tasks.

The language model used was the 13-billion-parameter version of LLaMA, de-
ployed without any specific training or fine-tuning for the task. It was utilized straight
out of the box, and simply given a prompt designed to direct its selection process.
The prompt used was as follows: “After this set of instructions, I will give you a
large list of questions related to a book on [topic]. Your goal is to filter and select 5-8
questions from the following list that are representative, interesting and most likely
to prompt a good discussion. Do not change the wording of the questions at all, sim-
ply select the questions and give it back to me.” This basic application of the LLM
demonstrated how off-the-shelf AI tools could be integrated into classroom settings
to enhance educational experiences.

Once the questions had been selected by both the professor and the LLM, they
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were presented anonymously during the live Q&A sessions. This setup allowed the
presenting group to engage with a curated set of questions without being overwhelmed
by hundreds of submissions.

The anonymity of the questions promoted a low-pressure environment, encourag-
ing students to submit without fear of judgment or embarrassment. As only a limited
number of questions could be addressed in the live setting, students received implicit
positive feedback when their questions were selected, while those whose questions
weren’t chosen did not face any negative feedback.

The main motivation behind this solution was to address the practical and cogni-
tive challenges of sifting through hundreds of questions in a live environment. With-
out such a system, if students were tasked with manually sorting the questions, they
would likely select from the most recent or randomly choose from partway down the
list, without the time or energy to meaningfully engage with the entire set of sub-
missions. This approach would be inherently biased, favouring more recent questions
and disadvantaging others.

Alternative solutions, such as allowing students to vote on questions, were con-
sidered but ultimately rejected. Voting introduces additional social pressures, which
could lead to anxiety for students whose questions might be ignored or rated poorly
by their peers. Moreover, voting tends to favor questions that are submitted earlier,
simply because they have more time in the framework to gather votes. The LLM-
based approach, while not perfect, addressed many of these concerns by ensuring a
more thoughtful and representative selection process. It provided a more equitable
platform, promoting anonymity and minimizing social pressure while ensuring that

the selected questions were meaningful and conducive to further discussion.
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4.2 Design Features and Considerations

4.2.1 Flexibility in Content Delivery

A key goal of the prototype was to provide students with greater flexibility in how
they engaged with course material. The ability to view presentations asynchronously
helped students manage their time and allowed them to absorb content at their own
pace. This flexibility was particularly valuable in a large first-year course, where

students were often adjusting to the increased autonomy of university-level learning.

4.2.2 Balancing Anonymity and Accountability

The design of the question submission process struck a balance between anonymity
and accountability. While instructors could see which students submitted questions,
the anonymity of the questions in the classroom fostered a safer space for students to
express themselves. This hybrid model provided positive reinforcement for students
whose questions were selected while avoiding the negative consequences of public

rejection for those whose questions were not chosen.

4.2.3 Integrating Al into the Classroom

Integrating Al into educational settings has been met with significant apprehension
from both instructors and students. Concerns range from Al systems potentially
replacing human roles in teaching, to fears of academic dishonesty, such as students
using large language models (LLMs) like ChatGPT to complete assignments for them.
However, introducing LLaMA into this prototype provided a unique opportunity to

demonstrate how AI could be incorporated behind the scenes to enhance classroom
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dynamics without encouraging misuse or undermining academic integrity.

In this case, the LLM was tested as an assistant to the instructor. It performed a
task, sorting through and selecting questions from hundreds of student submissions,
that placed a considerable burden on the professor. To make this possible, the pro-
fessor watched every presentation video in advance so the class time was available for
reading the questions as they were submitted. Thirty hours of instructor time could
have been saved by using the LLM, and relieved the cognitive load on the instructor
while maintaining the human oversight necessary to ensure that discussions remained
pedagogically sound.

Since the Al was tasked with sorting and selecting questions, rather than produc-
ing answers or academic content, it could assist the teaching process without inter-
fering with student learning. This allowed the Al to enhance instructional efficiency
while preserving the integrity of the educational experience. When carefully imple-
mented, Al can augment the educational process by automating repetitive tasks such
as sorting and selecting content, allowing instructors to focus on more meaningful,

human-centred aspects of teaching.

4.3 Summary

The initial prototype introduced several innovative features to improve student par-
ticipation and interaction in large courses. By combining prerecorded group presenta-
tions, a structured question submission process via Avenue to Learn, and Al-assisted
question selection using LLaMA, the prototype sought to address key challenges asso-
ciated with large classroom environments. Importantly, the prototype was designed

with privacy and flexibility, ensuring students had control over how they engaged
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with the material while fostering a classroom culture of inclusivity and anonymity.
These features laid the groundwork for future iterations of the prototype, which

would further refine the integration of Al tools, enhance the flexibility of content

delivery, and continue to address the needs of both students and instructors in large

academic settings.

o6


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

Chapter 5

Prototype Feedback & Results

The design thinking process emphasizes the importance of building the right product
instead of building the product right. User feedback is an integral part of the devel-
opment process. User feedback is taken and used to iterate and improve upon the
product and create another version. Then the cycle continues.

As part of the empathize phase of the design thinking process, we sought feedback
from two groups of stakeholders: students and instructional staff. This was done
through user feedback in two different ways. User interviews which were done for all
the senior instructional staff, and questionnaire data for the students.

We interviewed all of the senior instructional staff, including two graduate teach-
ing assistants (TAs) and one instructor. Given the course’s nearly 200 students,
interviewing each individually would have been impractical, so we conducted surveys
via Avenue to Learn, the course’s online learning management software. Participa-
tion was high, with around eighty percent of students responding to at least one

questionnaire.
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5.1 Summary of Feedback from Instructional Staff

Question and Answer Timing and Audio Challenges: Instructional staff re-
ported that time constraints significantly impacted the depth of discussions, partic-
ularly during lengthy class periods that also included lab sessions. Audio projection
issues necessitated makeshift solutions like strategically positioning microphones near
computers, although classroom noise was not generally disruptive.

Attendance Influences: External factors, including public transportation strikes,
impacted in-person attendance, prompting a shift towards increased virtual partici-
pation.

Question Submission System: The system allowed students to watch presenta-
tions in advance and submit questions early, which fostered more thoughtful and
well-articulated inquiries. Early submissions were more likely to be selected for dis-
cussion.

Barriers to Engagement: Non-native English speakers often relied on tools like
ChatGPT for interpreting or formulating questions, indicating a reliance on Al tools
that could hinder genuine understanding. Anonymity in question submission was
highlighted as significantly beneficial in boosting participation among students with
anxiety, helping to maintain a focus on content rather than the fear of judgment.
Medium and Message: Two of the presentation books, Grasp[34] and Failure to
Disrupt[32], discussed attempts to transform education using technology. Students in
these groups made connections between the ideas discussed in the books, the active
classroom, and the flipping of the classroom in the sense that presentations were
pre-recorded and that students were responsible for selecting and presenting course

material, and the emphasis on developing teamwork and communication skills. Many
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other books addressed ethical issues, to the point that many students felt they needed
to address ethical issues in their questions. In these ways, students connected the
content and structure of the course. Many students brought up the importance of

these skills to their future careers in discussions with the professor.

5.1.1 Design and Feature Suggestions for Prototype 2

Live Transcription and Question Extraction: Proposals were made to integrate
live transcription features to automatically capture and summarize questions dur-
ing live discussions. This would potentially include using large language models to
enhance the accuracy and relevance of captured content.

Enhanced Interaction Protocols: A “speaking stick” protocol was suggested to
regulate turn-taking during discussions, which would aid in improving the accuracy
of live transcriptions by reducing crosstalk and overlapping conversations.
Analytical Tools for Question Assessment: The concept of visually organizing
questions on a graphical plane was discussed, where questions of similar themes could
cluster together, aiding in the analytical assessment and fostering deeper discussion
on related topics. Additionally, a matrix for evaluating the depth and relevance
of questions was proposed to encourage students to refine their inquiries into more
impactful contributions.

Balancing Anonymity with Engagement: While anonymity was recognized as a
critical feature for encouraging participation, there was also a consensus on the need
for features that would encourage students to gradually overcome communication ap-

prehensions, thereby fostering a more engaging and interactive learning environment.
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5.2 Summary of Findings from Students

Student data was collected through the quantitative and qualitative analysis of the
questionnaire data. In the framework of Design Thinking, this represents our first
opportunity to empathize with the key stakeholders, the students. It also represents

feedback on Prototype 1, described in Chapter 4.

All pie charts use the colour key for codes are presented in Figure 5.1.
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5.3 Presentation of Questionnaire Data

This section presents the data collected from the two questionnaires used to gather
student feedback. For clarity, the notation “Question 1.x” is used to refer to specific
questions from the first questionnaire, and “Question 2.x” denotes questions from the
second questionnaire. For example, “Question 2.6” references the sixth question of

the second questionnaire.

5.3.1 Question 1.1

Question 1.1 sought to identify what students considered to be the most valuable
aspect of the university classroom experience. See Figure 5.2. Through thematic
analysis, it became evident that positive social interactions were central to the stu-
dents’ perceptions of value. This finding is significant because, while educational
technology often focuses on content delivery and automation, the human elements of
learning—particularly social engagement—remain a vital component of the classroom
experience.

The most prominent theme, coded as INTERpos, with 103 responses, underscored
the importance of peer interactions. Students emphasized the value of collaborating
with classmates, engaging in discussions, and exchanging ideas. These interpersonal
dynamics were seen as essential for learning, as they fostered a sense of community and
provided opportunities for deeper exploration of the material. Collaborative learning,
where students actively engage with one another, supports cognitive development by
exposing them to different perspectives and encouraging critical thinking. It also
aligns with socio-constructivist theories, which argue that learning is inherently social,

and knowledge is constructed through interaction with others.
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Figure 5.2: [Q1.1] In your opinion, what is the most valuable part of the university
classroom experience?

The second most frequent theme, PROF, with 50 responses, highlighted the crit-
ical role that professors play in shaping the classroom experience. Many students
mentioned that the quality of instruction, as well as direct communication with pro-
fessors, significantly impacted their learning outcomes. Professors are seen not only
as transmitters of knowledge but also as facilitators who guide discussions, provide
feedback, and foster a supportive environment. This suggests that students greatly
value the expertise and engagement of their instructors, viewing them as key figures
in their educational journey.

Interestingly, only a small number of students (8 responses under IRL and 1 under
ONL) focused on the format of learning itself, with few distinguishing between in-
person and online learning as a key factor in their overall experience. This suggests

that while the mode of delivery can be important, the quality of interactions—both
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with peers and professors—far outweighs the specific format in terms of perceived
value.

Other noteworthy but less prominent themes included OUTCOME (10 responses),
which reflected students’ focus on the end results of their education, such as skills
acquired or grades earned, and PROCESS (7 responses), where students emphasized
the importance of the learning process itself over outcomes.

These findings point to a need for educational technologies that prioritize and
support the social aspects of learning. Tools that facilitate peer-to-peer interaction,
real-time discussions, and accessible communication with professors could enhance
student engagement and create a more dynamic and fulfilling classroom experience.
While technology can enhance content delivery, these results suggest that any suc-
cessful educational tool must also consider how to replicate or amplify the human
elements of learning that students find most valuable.

In an era dominated by Massive Open Online Courses (MOOCs) and the over-
whelming availability of educational resources online, the social component of the
university experience has emerged as one of its most distinctive and irreplaceable fea-
tures. While MOOCs provide accessible and often high-quality content, they largely
lack the interpersonal dynamics that define traditional university settings. The abil-
ity to engage in face-to-face discussions, collaborate on projects, and form meaningful
connections with peers and professors adds depth to the learning process that cannot
be replicated through asynchronous or solitary study. This social interaction fosters
not only academic growth but also personal development, creating a sense of commu-
nity and belonging that enriches the university experience. The human element—peer

engagement, mentorship, and shared learning—thus remains a core advantage of the
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university environment, differentiating it from the purely content-focused approach
of online education platforms.

By focusing on interpersonal dynamics and professor-student relationships, edu-
cational technologies can better align with the aspects of the university classroom

experience that students hold in the highest regard.

5.3.2 Question 1.2

The responses to Question 1.2 “What is the most challenging part of the university
classroom experience? What makes learning/achieving success challenging? What do
you wish could be changed?” provided valuable insights into students’ obstacles in the
university environment. See Figure 5.3. The most frequently cited challenge was time
management (TIMEMGMT), with many students expressing difficulty balancing the
demands of academic life with personal and extracurricular commitments. This is
particularly relevant in the post-pandemic context, where shifts in learning environ-
ments have exacerbated struggles with motivation and self-regulation, as discussed in
the work of Engzell et al. [15] in Chapter 1.

The second most cited theme was the pace (PACE) of content delivery, with
students often finding the speed overwhelming and difficult to manage alongside other
tasks. This may be interconnected with time management concerns, where students
feel pressured by rapid information delivery and struggle to keep up. Resources
(RESOURCE) also emerged as a notable challenge, reflecting a perceived lack of
access to teaching staff, academic support, or learning materials that could hinder

effective learning.

64


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

Several responses identified class size (SIZE) and focus (FOCUS) as key envi-
ronmental factors affecting student success. Large class sizes can feel intimidating,
while distractions within the classroom hinder concentration. Concerns about rubrics
(RUBR) also emerged, noting that unclear grading criteria and expectations created
frustration. Anxiety (ANX) was frequently noted as a psychological barrier to par-
ticipation, particularly for students hesitant to speak up in class. Anxiety can also
point to uncertainty about course expectations and performance pressure. In larger
classrooms, students may feel anonymous or hesitant to engage, fearing they’ll ask
inappropriate questions that will elicit negative responses from their peers. Anxiety
is also linked to time management challenges and the fast pace of content delivery,
which heightens stress for those struggling to keep up.

These themes can be categorized into two broader concerns: logistical and psycho-
logical barriers (TIMEMGMT, PACE, RESOURCE, ANX, PERS) and environmental
factors (SIZE, FOCUS). Together, they reveal a complex network of challenges that
students face in large classroom settings, requiring a multifaceted response. Solutions
should address not only the physical environment but also the support structures for
time management, pacing, and mental well-being.

The implications for instructional design underscore the need for flexible, inclusive,
and supportive educational structures that cater to diverse student needs and learning
styles. It is interesting to note that INTER appears as both a positive and a negative,
despite the question being framed to elicit responses about barriers and challenges.
While many students viewed peer interaction as essential for developing non-technical
skills, they also identified it as a source of frustration (e.g., when peers fail to complete

required work) and anxiety (e.g., due to shyness or language barriers). Understanding
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these nuanced perspectives is crucial for refining teaching methodologies and designing

learning spaces that promote effective learning outcomes.

5.3.3 Question 1.3

In Question 1.3, students highlighted anxiety (ANX) as the primary deterrent from
asking questions in class. See Figure 5.4. Anxiety in this context often stems from
fear of judgment, the pressure of speaking in front of large groups, and concerns over
appearing uninformed in front of peers. For post-secondary educators, understanding
this anxiety is critical because it represents a significant barrier to active learning and
dialogue, both of which are essential to fostering deeper understanding and critical
thinking.

This fear of public exposure, particularly in large lecture halls where students may
feel anonymous yet scrutinized, often leads to a form of learned silence, where students
opt out of participating even when they have valuable questions or need clarification.
The social dynamics of the classroom—such as students’ perceptions of their peers’
judgment or the professor’s potential reaction—can intensify these feelings, making
it more difficult for students to engage in spontaneous inquiry. Moreover, anxiety-
related barriers to asking questions mean that instructors may lose key feedback
on how well students are grasping the material. Without questions, professors may
falsely assume comprehension, which can result in the continuation of misconceptions
or gaps in knowledge.

While encouraging students to practice speaking up in environments with social

pressure is important for building confidence and communication skills, it is equally
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Figure 5.3: [Q1.2] What is the most challenging part of the university classroom
experience? What makes learning / achieving success challenging? What do you
wish could be changed?
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Figure 5.4: [Q1.3] How do you feel about the process of asking questions in class?
What prevents you from asking questions in a traditional classroom setting?

essential to design solutions that cater to their varying comfort levels. By accommo-
dating the diverse needs and capabilities of all students, we can foster a more inclusive
environment that promotes active engagement and participation, ensuring that ev-
ery student feels supported and empowered to contribute. This approach not only
encourages more engaged learners but also helps to create a classroom atmosphere
where all voices can be heard, regardless of individual differences in comfort and con-
fidence. The data indicates a strong interest in features such as anonymous question
submission, which would allow students to engage in a way that feels safer and more
accessible. This approach could reduce the anxiety associated with participation,
thereby increasing inclusivity and accessibility in the classroom.

The SIZE theme also emerged as a key factor, suggesting that the large scale of

lecture halls may contribute to students’ reluctance to ask questions. This could be
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linked to the impersonal nature of large classrooms and is particularly relevant given
the rise in social anxiety among students [24, 30].

Additionally, other concerns related to the themes of PROF, PACE, and ANON
highlight the importance of the professor’s approachability, the pace of material deliv-
ery, and the desire for anonymity in influencing students’ willingness to ask questions.
The professor’s approachability is critical for engagement because it directly impacts
the comfort level students feel when seeking clarification or engaging in discussions.
An approachable professor creates an environment where students feel safe to voice
concerns, ask questions, and participate in discussions with less intimidation or fear
of judgment.

It’s reasonable to expect a correlation between pace and approachability as stu-
dents who feel that the material is being covered too quickly may hesitate to ask for
clarification or pace adjustment if they perceive the professor as unapproachable or
dismissive. In contrast, when students perceive the professor as approachable, they
are more likely to speak up if they find the pace overwhelming, thereby providing
the professor with the opportunity to adjust the delivery to better suit the class’s
needs. This dynamic interaction can help prevent the negative cycle of confusion and
disengagement that might occur in a less supportive classroom environment. Under-
standing and addressing the interplay between these factors is crucial for creating
a learning environment that encourages active participation and accommodates the
diverse needs of students.

These findings suggest that creating a more supportive classroom atmosphere, po-

tentially through anonymous questioning options or more personalized interactions
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Figure 5.5: [Q1.4] What makes a question a great question in your opinion?

with instructors, could help overcome these barriers. Addressing both the psycholog-
ical and environmental factors that inhibit participation is essential for fostering an
environment that encourages active student engagement, ultimately enhancing the

overall educational experience in large classroom settings.

5.3.4 Question 1.4

Question 1.4 investigates what students perceive to be the key qualities of a great
question. See Figure 5.5. Understanding this is crucial for guiding the development
of Al-driven educational tools that can not only filter questions effectively but also
coach students on how to formulate them. The goal was to discern the most important
factors that contribute to what students consider a meaningful and impactful question
so that the AI could use these criteria when sorting and selecting questions.

The data indicated a strong preference for questions that deepen (DEEPEN)
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understanding, with 95 responses falling into this category. Students clearly valued
inquiries that go beyond surface-level information, reflecting a desire to explore topics
in greater depth. This aligns with constructivist learning theories, which suggest that
active engagement with complex, thought-provoking material enhances learning. By
encouraging critical reflection and promoting metacognitive skills, deeper questions
help students better regulate their own learning processes and strategies.

Relevance (RELEVANT) was another significant factor, highlighted by 31 respon-
dents. Students preferred questions that were directly related to the course material,
emphasizing the importance of coherent contributions that follow the flow of class
discussions. Relevant questions help maintain focus, reinforcing key concepts and
preventing distractions or off-topic detours. This underscores the role of well-timed,
pertinent inquiries in creating a productive learning environment, benefiting both the
questioner and their peers.

Concise (CONCISE) and common (COMMON) questions were less emphasized
but still present in the feedback. Fifteen students mentioned the value of concise ques-
tions, recognizing that brevity helps maintain the flow of a lecture and avoids over-
complicating discussions. Twenty-five students highlighted common questions—those
that many others are likely wondering as well. These types of questions reflect the im-
portance of social learning dynamics, where students benefit from hearing questions
that they may be too shy or unsure to ask themselves. Common questions promote
a shared learning experience, bridging individual concerns with collective classroom
understanding.

The feedback suggests that while students appreciate brevity and shared concerns,

their primary preference is for questions that enhance learning through deeper analysis
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and critical engagement. These types of questions are seen as the most effective
for driving rich classroom discussions and promoting a deeper understanding of the
material.

Translating these insights into the design of educational tools involves prioritiz-
ing features that encourage meaningful student participation and guide them toward
constructing thoughtful, relevant inquiries. For instance, the AI tool could include
mechanisms that provide real-time feedback on the quality of questions, helping stu-
dents refine their queries to be more concise and aligned with the subject matter. Over
time, this could foster an environment where critical thinking is not only encouraged
but actively facilitated by technology.

Incorporating these criteria into the AI’s question-filtering algorithm would ensure
that the tool aligns with students’ learning needs and preferences, ultimately enhanc-
ing the educational experience by promoting more insightful and relevant classroom

discussions.

5.3.5 Question 1.5

Question 1.5 investigates students’ perceptions of how asking questions contributes
to their learning process. See Figure 5.6. An overwhelming majority, 148 out of 152
respondents (97.4%), affirmed that asking questions is vital to their academic growth.
This near-unanimous consensus underscores the importance of fostering a classroom
environment that actively encourages and facilitates student inquiries. The ability to
ask questions helps reinforce course material and prompts students to engage more
deeply, critically analyze the subject matter, and clarify any areas of confusion. These

elements are key to effective learning, as they stimulate cognitive processes beyond
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rote memorization, enhancing comprehension and long-term retention.
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Figure 5.6: [Q1.5] Do you think asking questions improves your ability to learn?

The strong endorsement of question-asking aligns with constructivist learning the-
ories, which posit that active student participation, particularly through inquiry, is
central to constructing meaningful knowledge. Asking questions helps students chal-
lenge their assumptions, seek clarification, and explore the broader implications of
their learning, all of which contribute to a richer and more dynamic learning expe-
rience. This finding suggests that any educational tool designed to support student
engagement should prioritize mechanisms that make asking questions easier, more
accessible, and less intimidating.

Simplifying the question-asking process is essential, not only because students
recognize its value but because they actively seek opportunities to deepen their un-
derstanding through inquiry. The challenge, however, lies in overcoming the barriers
that prevent students from asking questions—such as anxiety, fear of judgment, or
the impersonal nature of large classroom settings, as revealed in earlier responses.
Therefore, the design of an Al-driven educational tool must focus on creating a user-
friendly, approachable interface that encourages frequent and meaningful student par-

ticipation. Such a tool could include features like anonymous question submission or
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real-time feedback to reduce the anxiety associated with speaking up in class, thereby
fostering a more inclusive learning environment.

This question, when paired with subsequent inquiries about the barriers to asking
questions, provides deeper insight into the complexities of the student mindset. While
students overwhelmingly agree that asking questions is crucial to their learning, they
are often hindered by a variety of psychological and environmental factors. This
disconnect between the recognized value of inquiry and the actual practice of asking
questions reflects a broader issue in classroom dynamics: students want to engage
and understand the material more fully, yet external and internal pressures prevent
them from doing so.

The implications for educational design are clear: tools that streamline and de-
mystify the question-asking process can significantly enhance student participation.
By reducing friction points—whether through anonymity, intuitive interfaces, or scaf-
folding mechanisms that guide students in formulating their questions—an Al-driven
system can create a more supportive learning environment. This, in turn, could help
students overcome the barriers that inhibit their engagement, allowing them to take

full advantage of inquiry as a means of deepening their understanding.

5.3.6 Question 1.6

Question 1.6 examines the frequency with which students ask questions during
class, revealing a significant discrepancy between students’ recognition of the value of
asking questions and their actual participation in classroom discussions. See Figure
5.7. Despite the earlier overwhelming acknowledgment that question-asking enhances

learning, students tend to engage in this practice infrequently. As illustrated in the
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Figure 5.7: [Q1.6] Do you typically ask questions in class?

graph, the majority of respondents indicated that they ask questions “Sometimes” (55
responses) or “Rarely” (50 responses). Only a small fraction—S8 students—reported

)

asking questions “Almost every class,” while 32 students stated they “Almost never”
engage in question-asking.

This contrast between understanding and action suggests that while students are
aware of the benefits of asking questions, several factors inhibit their actual partici-
pation. Potential barriers, such as the size of the classroom, fear of peer judgment,
social anxiety, and concerns about the relevance or quality of their questions, likely
contribute to this gap. These barriers align with earlier findings in the survey, where
students expressed reluctance due to anxiety (ANX) and perceived the classroom
environment (SIZE) as an obstacle to active engagement. Additionally, the fear of
appearing uninformed or asking a “bad” question may lead students to remain silent,
despite knowing that asking questions would improve their learning outcomes.

This data highlights the importance of designing educational tools and classroom

strategies that lower these barriers and create a more conducive environment for

student participation. Tools that enable anonymous question submission or provide
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structured opportunities for students to ask questions without fear of judgment could
significantly improve engagement. By removing the social pressure associated with
public questioning, such solutions would help bridge the gap between students’ un-
derstanding of the value of inquiry and their actual participation.

Furthermore, this discrepancy suggests that simply telling students that asking
questions is valuable is insufficient; instead, instructors and educational tools must ac-
tively foster an environment where students feel safe and encouraged to ask questions.
This could involve more personalized interactions with instructors, opportunities for
asynchronous questioning, or digital platforms that normalize frequent questioning
without putting students on the spot.

By understanding the factors that hinder students from participating, educators
can design tools and strategies that emphasize the importance of inquiry and facilitate

it in practice.

5.3.7 Question 1.7 - 1.11

To understand how various question-asking methodologies influence student willing-
ness to engage during lectures, questions 7 through 11 of the first questionnaire pre-
sented students with different scenarios to test its effects. Each scenario explored a
distinct approach: asking questions via a microphone in front of the class, raising
hands during a lecture, using a public chat on Microsoft Teams, sending direct mes-
sages to teaching assistants or instructors, and submitting questions in an anonymized
form. The goal was to identify the most effective methods to encourage student en-
gagement and refine educational tools accordingly.

For Question 1.7, perhaps unsurprisingly, many students indicated they would
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Figure 5.8: [Q1.7] Asking your question into a microphone in front of class

be “Much Less Likely” to ask questions this way, suggesting a general discomfort
with public speaking and social anxiety. See Figure 5.8. This method was also the
most active of the question-asking modalities, presenting the highest barrier to entry.
It required students to physically get up from their seat and move to a different
location in order to ask their question, adding an additional layer of discomfort.
The combination of public visibility and the physical act of moving in front of the
class creates significant friction for many students, discouraging participation. This
finding points to the need to reduce public visibility in question-asking mechanisms
to alleviate anxiety and facilitate greater student engagement.

In Question 1.8, responses showed a more balanced curve, with many students
indicating they were “About the Same” likelihood to ask questions compared to other
methods. See Figure 5.9. This reflects a moderate level of comfort with this tradi-
tional approach, likely because it has been ingrained in their educational experiences
from a young age. However, despite this familiarity, students still reported not asking
questions frequently in class, suggesting that comfort with the method alone doesn’t

necessarily translate into active participation.
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Figure 5.9: [Q1.8] Raising your hand in lecture

One potential factor is inertia, the effort required to initiate the act of raising
one’s hand, especially in large classrooms where the fear of drawing attention or
being judged by peers is heightened. The ease of staying passive often outweighs the
desire to engage, despite the perceived comfort with the method. This indicates a
need to reduce the barriers, both psychological and behavioral, to lower the inertia
of participating through hand-raising, or to introduce alternative methods that more
naturally integrate participation into the classroom dynamic.

Question 1.9 explored asking questions via a public chat on Microsoft Teams, a
digital collaboration platform commonly used for remote or hybrid classroom settings.
See Figure 5.10. The responses leaned towards “A Little More Likely” or “No Effect”
on the likelihood of asking questions. While this method reduces the physical act of
public speaking, it still retains public visibility, which may explain why some students
showed reservations about this method.

The key concern here seems to be the public nature of the chat. Even in a
digital space, students may hesitate to ask questions due to concerns about how their

questions will be perceived by their peers. This indicates that while digital platforms
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Figure 5.10: [Q1.9] Asking your questions on Microsoft Teams public chat
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Figure 5.11: [Q1.10] Sending a DM to your TA / instructor

like Teams may facilitate easier communication, the public aspect of the platform still

serves as a barrier to some students.

Question 1.10 examined the method of sending a direct message (DM) to a

teaching assistant (TA) or instructor.

See Figure 5.11.

Responses were notably

divided, with some students feeling “More Likely” to ask questions this way, while

others felt “Less Likely.” This split highlights the mixed levels of comfort students

have with direct communication with instructional staff.
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This division could be linked to previous findings on the theme of professor ap-
proachability 5.3.3. Students who perceive the professor or TA as approachable and
open may feel comfortable engaging via direct messages, viewing it as a more private,
low-pressure way to communicate. Conversely, if the instructor is seen as unap-
proachable or distant, students may avoid this method altogether. The variability in
responses suggests that direct messaging could be an effective tool for some students

but is highly dependent on the interpersonal dynamics between students and staff.

Much MORE likely | | 50 -
A little MORE likely | | 27 -
No effect | | 39 -

A little LESS likely 715 N
Much LESS likely ] 3 B

0 10 20 30 40 50 60
Number of Responses

Figure 5.12: [Q1.11] Asking via anonymized form

Question 1.11 addressed asking questions through an anonymized form, and
this method was overwhelmingly the most preferred, with many students indicating
they would be “Much More Likely” to ask questions this way. See Figure 5.12. The
anonymity of the method reduces social anxiety and the fear of peer judgment, making
it a low-barrier option for students who might otherwise hesitate to ask questions.

The preference for anonymous question submission also aligns with themes related
to reducing friction between the desire to ask a question and the act of doing so.
Anonymity removes the need for students to worry about how they will be perceived,

giving them time to formulate their thoughts without the immediate pressure of
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speaking in public. This method clearly has the most success in increasing question-
asking behavior, at least among the options provided.

One important aspect worth exploring is self-moderation. In public forums, where
questions are tied to a student’s identity, there is a natural tendency to moderate in-
appropriate or irrelevant questions. An anonymous system, while reducing anxiety,
could open the door to a flood of less useful questions. Here, Al could play a crucial
role in filtering questions for relevance and quality, reducing the burden on instruc-

tional staff while enhancing the student experience.

Reflection on Question Design and findings Q1.7-1.11

It is worth noting that there may have been some confusion regarding the design
of this question. Some students appeared to interpret it as asking how likely they
would be to use each method compared to traditional question-asking practices, such
as raising a hand in class, while others compared these methods to the experimental
way questions were asked during this study. The intended comparison was between
these modalities and the experimental setup, not traditional classroom practices.

This confusion likely stems from a lack of clarity in the question design. More
context should have been provided to explicitly frame the scenario being referenced,
ensuring that students understood that the question was asking for a comparison
with the experimental setup. However, despite this ambiguity, the data still reveals
important trends. Despite the design error, we can observe meaningful patterns in
student preferences and behaviours that offer valuable insights into how different
question-asking methods impact student participation.

These findings provide valuable insights into student question-asking behaviour.
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Methods reducing public visibility, especially anonymized forms, are most effective at
increasing student engagement. In contrast, more public methods, such as using a mi-
crophone or participating in a public chat, discourage students from asking questions.
This evidence underscores the importance of offering diverse, low-pressure methods
for students to engage in classroom discussions. By incorporating these findings into
the design of educational tools, instructors can create environments that are more

inclusive and conducive to active student participation.

5.3.8 Question 1.12

In Question 1.12, we examined student preferences between two sets of questions
presented during a lecture: Set A, which was selected by the instructor, and Set B,
selected by LLaMA (Locally Run Large Language Model). See Figure 5.13. The
questions were drawn from the same lecture material, with selections made randomly

using a random number generator to eliminate bias.

Set A —

Figure 5.13: [Q1.12] Which set was better (LLaMA vs Instructor)
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The purpose of this question was to conduct a preliminary assessment of the ef-
ficacy of Al-selected questions compared to those chosen by an instructor. Our goal
was to determine whether there would be any significant difference in student pref-
erences between the two, without attempting to conduct a rigorous, detailed study.
Existing research already indicates that large language models are quite capable of
generating relevant and insightful questions. This survey aimed to ensure there would
be no obvious issues with using Al for this task in an educational setting.

The survey involved 151 respondents, and the results were closely split:

e Instructor-selected questions (Set A): 77 votes

e LLaMA-selected questions (Set B): 74 votes

The near-equal distribution of preferences suggests that students did not over-
whelmingly favour one method of question selection over the other. This indicates
that Al-generated questions are on par with those selected by instructors in terms
of quality and relevance, based on student feedback. Importantly, the results do not
show any indication that using Al to select questions would lead to adverse educa-
tional outcomes, suggesting that it can be a viable and effective method for enhancing
classroom engagement.

While this was not an in-depth study, the findings support the potential for inte-
grating Al tools like LLaMA into the question-asking process without compromising
educational quality. Further research could explore how Al-generated questions could
complement instructor-led questioning to provide a more dynamic and inclusive learn-

ing environment.

33


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

5.3.9 Question 1.13

Question 1.13 aimed to follow up on the findings from Question 1.12 by asking
students how much better they perceived the set they selected. See Figure 5.14.
The intent was to verify whether a clear preference drove the choices made by the
students or whether they were relatively minor distinctions. We wanted to ensure
that the selection of one set over the other was not purely arbitrary and to determine
if any significant trends emerged from student feedback.

The survey responses indicated the following distribution of preferences:

e 31 respondents chose “Significantly better”
e 107 respondents chose “A little better”

e 14 respondents selected “I chose at random”

These results confirm that the majority of students (107 out of 152) felt that the
set they chose was only marginally better, with very few choosing at random. This
suggests that the students were indeed discerning in their selections and that their
preferences between Al-generated (LLaMA) and instructor-selected questions were
not overwhelmingly strong.

For the respondents who indicated a “Significantly better” preference, the split
between the two sets was relatively balanced. Of the 31 students who reported this
stronger preference, 18 favoured Set A (instructor-selected), while 13 favoured Set
B (LLaMA-generated), reflecting a 58% to 42% split. This small difference does not
suggest a substantial bias toward either question set, further confirming that students

did not show a marked preference for one method over the other.
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Figure 5.14: [Q1.13] How much better was the set you chose?

Crucially, these findings also help verify that students were not choosing their
preferred set at random or without thought, as only 14 respondents indicated ran-
dom selection. This strengthens the conclusions drawn from Question 1.12: both Al
and instructor-generated questions are similarly effective in supporting student learn-
ing, and the slight edge in preferences does not point to any significant educational
disadvantage for using Al tools in this context.

By examining the magnitude of student preferences, this question ensures that
the subtle differences observed between question sets were valid and not the result
of arbitrary selection. It reinforces the conclusion that Al-generated questions can
complement traditional methods without diminishing the quality of classroom inter-

action.

5.3.10 Question 2.2

Question 2.2 asked students to evaluate how group presentations were handled in
the experimental condition compared to other large classrooms. See Figure 5.15. The
responses showed a largely positive reception. Of the 49 respondents, 26 (53%) found

the group presentations to be “Better than other large classrooms,” 18 (37%) rated
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them “About the same,” and only 5 (10%) rated them “Worse.”

Worse than other large classrooms 5 B

About the same | | 18 =

Better than other large classrooms | | 26 -

0 5 10 15 20 25 30 35 40
Number of Responses

Figure 5.15: [Q2.2] How did you find the way the group presentations were handled?

Two key interventions in this experiment were the use of pre-recorded presen-
tations instead of live delivery and the option for students to ask questions via an
anonymous form, which were then filtered and presented for a live Q& A session. Pre-
recording presentations can reduce performance anxiety for students and ensure that
technical or logistical issues don’t disrupt the flow of the session. It also allows for
more thoughtful and polished presentations, as students can review and perfect their
delivery before submission.

The use of an anonymous question form and a moderated Q&A period is par-
ticularly noteworthy. This format reduces the social pressures often associated with
large classrooms, where students may feel hesitant to ask questions publicly. By fil-
tering questions and presenting them anonymously, the intervention lowers barriers
to participation and encourages more meaningful engagement with the material. This
approach aligns with broader themes in the research that suggest reducing the fear
of peer judgment and creating safer spaces for inquiry can lead to deeper student
involvement. The social risk of asking a question is dramatically reduced for the

student.
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The 37% who found the presentations “About the same” could reflect a prefer-
ence for live interaction or a feeling that pre-recorded presentations lack the dynamic
element of spontaneous question-and-answer sessions. However, with only 10% indi-
cating a worse experience, it appears that the majority of students responded well to
this method. This result suggests that pre-recorded presentations, paired with struc-
tured, anonymous Q& A sessions, may offer a viable solution to some of the challenges
inherent in large classroom presentations, promoting a more equitable and accessible

learning environment.

5.3.11 Question 2.3a

Question 2.3a looks at data from students who felt the group presentations were
better than those in other large classrooms. See Figure 5.16. The most notable factors
were the online elements of the course (18 mentions), the reduction of social anxiety
(6 mentions), and positive social interactions (4 mentions). The online format, which
included pre-recorded presentations and the ability to join live sessions, gave students
more flexibility and control over their learning experience. Anonymous question-
asking, in particular, played a critical role in making students feel more comfortable
participating, as it reduced fear of judgment and increased engagement.
Additionally, the course’s design effectively reduced social anxiety by allowing stu-
dents to ask questions without speaking publicly. The structured group interactions,
including Q&A sessions and round table discussions, further enhanced participation
and helped create a more inclusive and balanced learning environment. Other factors
like instructor involvement and clear rubrics also contributed to the perceived im-

provement over traditional large classroom settings. Overall, the integration of online
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Figure 5.16: [Q2.3a] Why did you feel the group presentations were BETTER than
other large classrooms?

tools and thoughtful course design were key in making the group presentations more

engaging and accessible for students.

5.3.12 Question 2.3b

Question 2.3b looks at data from students who felt the group presentations were
“about the same” as those in other large classrooms. See Figure 5.17. A few respon-
dents (3 mentions) cited positive interaction during presentations, but this was not
viewed as particularly distinct from their experiences in other courses. Some students
(2 mentions) preferred live presentations, expressing that the pre-recorded format di-
minished the dynamism typically found in real-time interactions. This suggests that

while the online and pre-recorded elements were appreciated by some, others felt they
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lacked the spontaneity and engagement of live presentations.
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Figure 5.17: [Q2.3b] Why did you feel the group presentations were ABOUT THE
SAME as other large classrooms?

Other students (3 mentions) acknowledged the value of the online format, yet did
not see it as a significant improvement over traditional setups. Some respondents
raised concerns about the presentation length and how it impacted their engagement.
The large class size (1 mention) also remained a limiting factor, with some students
feeling that this was comparable to other large lecture-based courses, where individ-
ualized attention and interaction were similarly constrained.

Moreover, factors like language barriers (1 mention of English proficiency con-
cerns) and the concise nature of presentations (1 mention) were seen as common in
large classrooms, reducing the distinctiveness of the experience. The overall data

suggests that while the course had several positive features, many students did not
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perceive a significant departure from their prior experiences, viewing these as stan-
dard components of large lecture environments. However, it is worth noting several of
the students in this category mentioned they did not feel they had enough university

experience to respond to this question thoughtfully.

5.3.13 Question 2.3c

In Question 2.3c data emerges from students who felt the group presentations were
“worse” than those in other large classrooms. See Figure 5.18. All students men-
tioned their dislike for the prerecorded format, preferring live presentations instead
(5 mentions). They felt that prerecorded presentations made it harder to maintain
focus (1 mention), were less engaging, and questioned the value of coming into class
to watch a video. The lack of live interaction was a key factor in their dissatisfaction,
as they wanted more of an in-person experience that felt dynamic and engaging.

Additionally, some students noted other concerns, such as a negative social inter-
action with their group (1 mention) and feeling that the structure didn’t facilitate
engaging discussions (1 mention). One student pointed out that the presentations
didn’t allow for enough focus, making it difficult to remain attentive, while another
mentioned dissatisfaction with the length of the presentations. Although one respon-
dent cited a positive aspect of the roundtable format (1 mention), another felt it was
a negative, indicating mixed reactions to that particular setup.

Overall, the lack of live presentations and in-person interaction was the primary
factor driving the perception that these presentations were less effective compared to

traditional large classroom settings.
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Figure 5.18: [Q2.3c] Why did you feel the group presentations were WORSE than
other large classrooms?

5.3.14 Question 2.4

The data from Question 2.4 reveals several notable challenges students face in main-
taining attention both in class and during video presentations. See Figure 5.19. The
most frequently mentioned issue, with 18 respondents citing it, was difficulty focus-
ing (FOCUS). This challenge is a common one in educational settings, especially
when students are required to engage with content for extended periods. A signifi-
cant number of students (16 mentions) also highlighted classroom noise (NOISE) as a
distraction, indicating that external factors in the learning environment can severely
impact concentration, particularly in larger, less controlled spaces.

In relation to the video presentations specifically, several students (9 mentions)
mentioned the availability and quality of learning resources (RESOURCE), suggesting

that inadequate or poorly organized materials can hinder their ability to follow the
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content effectively. Some students (7 mentions) expressed frustration with the length
of the presentations (LENdec), indicating that overly long or monotonous videos make
it difficult for them to stay engaged. Additionally, 8 students pointed out negative
experiences with the roundtable format (ROUNDneg), showing that not all aspects
of the design were universally well-received, particularly when it came to maintaining
attention in a video-based format.

Other challenges related to video presentations include the difficulty of staying
engaged in an online environment (ONL) and the need for breaks (BREAK) to manage
attention spans during longer presentations. Some students (3 mentions) expressed
a preference for live interactions (LIVE) and noted that prerecorded presentations
lack the spontaneity and interactivity that help sustain focus in real-time settings.
Captions (CAPT) were another challenge, with 3 students noting issues related to
the accessibility of the video content or perhaps difficulties in following along.

Finally, some respondents mentioned more individualized challenges such as anx-
iety (ANX), time management (TIMEMGMT), and issues with the pacing of the
videos (PACE). These findings highlight that both environmental and personal fac-
tors contribute to students’ attention difficulties and suggest that a more dynamic,
interactive, and accessible format may be necessary to address these diverse needs

and improve engagement with the content.

5.3.15 Question 2.5

The responses to Question 2.5 reveal a range of strategies students use to regain
focus when they encounter concentration difficulties at home and school. See Figure

5.20. The most commonly mentioned strategy, with 24 responses, was taking a break
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Figure 5.19: [Q2.4] What are the biggest challenges you face in paying attention in
class? What about in paying attention to the video presentations specifically?

(BREAK). Several students emphasized that taking a brief pause of 5-20 minutes
helps them refresh mentally before returning to their tasks. One student mentioned,
“Taking a small break away from school content to relax the mind so that I can
come back with a more clear mind.” Breaks appear to be a key tool in managing
attention and mental fatigue, allowing students to reset before continuing their work.
Designing educational software and experiences while recognizing our natural rhythms
of attention helps to create a learning environment that fosters academic success and
mental well-being.

Positive interaction with peers and study environments was another strategy fre-
quently mentioned (INTERpos) with 13 mentions. Several respondents discussed the

importance of accountability partners, friends, or professors who help them stay on
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Figure 5.20: [Q2.5] When you are having difficulty concentrating with other tasks at
home or at school, what do you find helps you get back on track?

track. Positive social interaction includes social engagement, working with peers, or
even informal discussions that help clear mental blocks. Such interactions provide a
fresh perspective or alleviate feelings of isolation during challenging tasks, contribut-
ing to improved concentration.

A few students also mentioned time management (TIMEMGMT) and online re-
sources (ONL), indicating that setting clear schedules and using digital tools can
help keep them on track. These methods may be particularly important for students
juggling multiple responsibilities or who rely on external structure to maintain focus.
Other methods, such as accountability (ACCOUNT) and ensuring the availability of
resources (RESOURCE), highlight the importance of having external support systems
and materials in place to overcome distractions and stay engaged.

In summary, the data suggests that a combination of short breaks, social inter-
action, and effective time management are key strategies students use to overcome

attention difficulties, with breaks being the most favored method by a significant
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margin.

Designing educational software and learning experiences with the realities of stu-
dent needs—such as the need for breaks, social interaction, and effective time manage-
ment—can significantly enhance student engagement, retention, and overall success.
As the responses show, strategies like taking breaks, changing study environments,
and using structured scheduling systems help students regain focus and improve pro-
ductivity. Acknowledging these human experiences in academia is essential to creating
tools and systems that support diverse learning styles and challenges. When we de-
sign with the student in mind, recognizing their natural rhythms of attention and
the benefits of peer support, we create a learning environment that fosters academic
success and mental well-being, making the educational experience more enriching and

sustainable.

5.3.16 Question 2.6

For Question 2.6, students selected from several options that could improve their
ability to maintain focus during the course. See Figure 5.21. Additionally, an “other”
option was provided, in which some students chose to write their suggestions. Of
the three options provided, the most popular suggestion was longer breaks, with 47
students selecting this option. This highlights the importance of mental rest in sus-
taining attention during longer academic sessions, underscoring the need for courses
to integrate adequate breaks to avoid cognitive fatigue. As seen in other responses,
students often find short breaks helpful in resetting their focus, and this finding rein-
forces the importance of allowing students time to recharge during intensive learning

experiences.
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Figure 5.21: [Q2.6] Which of the following would have helped you maintain focus?

The other two suggestions, spreading out the presentations (27 votes) and provid-
ing more engagement points (44 votes), also received considerable attention. Spread-
ing out presentations implies that students may have felt overwhelmed by the volume
of content delivered in a short timeframe, which hindered their ability to maintain
focus. This could indicate a desire for more time to delve deeper into the material,
allowing for a more thorough exploration of each topic rather than skimming the
surface of multiple subjects in quick succession. Students may have been hoping for
more meaningful engagement with the content, and spacing out presentations would
provide greater opportunities for reflection, analysis, and discussion.

This idea aligns with earlier feedback from students about what constitutes a
good question 5.5, where they identified “depth” as an important component of their
educational experience. The fact that students valued depth in their learning and
wanted more time to explore subjects could be resurfacing here. It suggests a de-
sire for more substantial engagement with fewer topics, allowing them to fully grasp
the material rather than rushing through a broad range of books in a limited time.

Meanwhile, more engagement points—such as interactive elements or participatory
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activities—could help foster active learning, ensuring students remain focused and
connected to the material. These findings collectively suggest that students want
better pacing and the opportunity to engage with topics more deeply, enhancing
both focus and educational value.

In addition to the primary options, several students wrote custom suggestions
for improving focus. Some expressed that presentations could be shorter, making it
easier to stay engaged throughout. One student pointed out that live presentations
might encourage more focus by reducing distractions, such as phone use, and fostering
immediate interaction with group members. One student mentioned that assigning
more homework could help with retention, allowing students to engage with the ma-
terial outside of class in a structured manner. These additional responses suggest that
designing presentations with clarity, interactivity, and brevity in mind could further

enhance student focus and engagement.

5.3.17 Question 2.7

Question 2.7 looks at the location frequency of video watching. See Figure 5.22.
The data reveals that many students watched the videos at home rather than in
class. The majority of respondents (52 students) reported watching the videos at
home “sometimes,” while 23 indicated they did so “most of the time.” This suggests
that many students preferred the flexibility of watching prerecorded presentations on
their schedule, a key benefit of the online format. This flexibility may have allowed
them to manage their time more effectively or watch the videos in an environment that
was more conducive to their focus and learning preferences. Additionally, students

who watched the videos at home may have appreciated the ability to pause, rewind,
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or revisit challenging sections of the material.
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Figure 5.22: [Q2.7] Did you watch any videos at home instead of in class?

Interestingly, a smaller group of students, 10 in total, reported watching only
2-5 videos at home, and just two students watched none or only one. While most
embraced the option to watch videos remotely, this minority suggests that some
students still valued the in-class experience or felt they learned better in a live setting.
These findings introduce potential reasons for this preference, which we delve into
more deeply in subsequent questions. In the upcoming analysis, we explore student
suggestions and feedback, including the desire for more structured live interactions
and the benefits of prerecorded flexibility, offering further insight into the diverse
learning approaches within the classroom.

One notable point from the data in question 2.7 is the presence of some contraindi-
cated responses. While many students indicated they watched the videos at home

“most of the time” or “sometimes,” further along in the questionnaire, some claimed

98


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

they rarely, if ever, watched the videos. This inconsistency suggests that even though
students were told their grades wouldn’t be impacted by their responses, the presence
of their email on the survey might have influenced their answers. It’s possible that
some students were concerned about facing consequences for not watching the videos

and may have over-reported their engagement in the course material.

5.3.18 Question 2.8 - 2.9

The responses to Question 2.8 reveal a range of reasons that prevented students
from watching the videos beforehand, with the most common being schedule con-
straints (46 responses). See Figure 5.23. This suggests that many students struggled
to find time in their personal or academic schedules to engage with the videos outside
of class hours. This finding aligns with broader challenges in post-pandemic educa-
tional experiences of time management and self-discipline. With the shift to more
flexible, often hybrid learning environments, students are increasingly responsible for
managing their own study schedules outside the structure of traditional classroom
settings. This autonomy, while beneficial in theory, has exposed a significant struggle
among students to balance their academic responsibilities with personal obligations.
This finding aligns with wider trends observed in post-pandemic education, where
students face difficulties organizing their time effectively, leading to procrastination
or inconsistent engagement with course materials.

This course was a first-year computer science class taken in the fall semester. For
most students, this means it marked their first experience with the increased auton-
omy that university education demands. Many students in the course were transi-

tioning from high school, where schedules are typically more structured and closely
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Figure 5.23: [Q2.8] What prevented you from watching the videos beforehand?

monitored by teachers. The move to a university setting—especially in a course with
prerecorded videos, flexible viewing times, and independent study requirements—was
a significant adjustment. This reinforces the importance of designing educational ex-
periences that provide flexibility and support mechanisms to guide students in time
management and self-regulation.

The difficulty of balancing autonomy with academic expectations is a common
theme in education, but it’s especially acute for students new to this environment.
Without prior experience managing large blocks of independent study time, many
students may have struggled to stay on top of their coursework. The need to in-
dependently organize and prioritize tasks—something not often emphasized in high
school—became a considerable obstacle in staying engaged with the course materials,
further emphasizing the importance of providing support structures to help students
navigate this transition.

Additionally, many students (34 responses) indicated that they preferred to watch
the presentations live in class rather than beforehand. This preference for live en-

gagement could be tied to the desire for a more dynamic, real-time experience, where
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students feel more connected to the material. Nineteen students reported that watch-
ing the videos was not a priority for them. Sixteen students felt that the videos did
not provide enough value to warrant their time.

Several custom responses provided additional insight, with some students admit-
ting that they were either unaware that the videos were available before class or that
they occasionally watched them, though not consistently. These additional responses
suggest that clearer communication regarding the availability and importance of the

videos might help improve engagement.

5.3.19 Question 2.10 - 2.11

In Class | | 31 -

Not Prerecorded | | 12 -

Prior to Class | 9 -

At Home During Class | |35 |
0 10 20 30

Number of Responses

Figure 5.24: [Q2.10] What is your preference for watching videos?

Question 2.10 and Question 2.11 examined student preferences for watching
prerecorded videos. See Figure 5.24 and Figure 5.25. The largest group (35 students)
preferred to watch the videos at home during the scheduled class time, while 31
students opted to watch the videos in class. Only 9 students preferred watching the
videos prior to class, and 12 students expressed a desire for the videos to not be

prerecorded at all, preferring live presentations instead. These preferences reveal key
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insights into how students engage with flexible, autonomous learning environments
and suggest varying degrees of comfort with self-directed study.

For those who preferred to watch the videos at home during class time, the the-
matic analysis revealed that time management (7 mentions) and focus (3 mentions)
were central reasons for this preference. These students likely found that being able to
manage their time while still sticking to the class schedule helped them stay on track
without disrupting their other commitments. Additionally, some students mentioned
that watching the videos in a quieter home environment (2 mentions) allowed for
fewer distractions compared to the noise often experienced in a physical classroom.

Students who preferred to watch the videos in class (31 votes) were influenced
primarily by their desire for positive social interaction (7 mentions), with many feeling
that learning alongside peers contributed to a better experience. Focus (7 mentions)
also emerged as a key factor, as students found it easier to stay engaged in a structured
environment rather than independently. Some students mentioned that the live aspect
(1 mention) added value to the learning experience, making it feel more immersive.
This preference for in-class learning highlights the ongoing need for structure and
interaction, even in a flexible, prerecorded learning format.

Among the smaller group who preferred watching the videos prior to class (9
votes), focus (2 mentions) and time management (2 mentions) were the two key
drivers. These students seemed to favour a proactive approach, where viewing the
material in advance allowed them to engage in discussions more meaningfully during
class time.

Finally, those who did not want prerecorded videos at all (12 votes) cited both

focus (2 mentions) and the importance of interactive learning experiences (2 mentions)
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NOISE
FOCUS
TIME
FOCUS
/
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TIME
Why prior to class? Why at home during class?
INTERpos
INTERpos
| LIVE
|  TIMEMGMT
FOCUS
FOCUS
Why not prerecorded? Why in class?

Figure 5.25: [Q2.11] Why is that your preference for watching videos?

as reasons, indicating that some students feel more engaged and accountable when
content is presented live rather than asynchronously.

This variety in preferences underscores the need for course designs that accommo-
date diverse learning styles and provide students with multiple ways to engage with

the material.
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Mandatory to watch videos [ ]4 -
Dedicated QA class | | 20 B
Prompts to maintain engagement -| | 18 B
Quizzes throughout presentation | | 27 -
LLM transcript question extraction |32 |
| | |
0 10 20 30

Number of Responses

Figure 5.26: [Q2.12] What of the following would you like to see in a future iteration
of the way presentations and questions are handled in a large class setting?

5.3.20 Question 2.12

Question 2.12 explored features students would like to see in the next iteration of
the prototype. See Figure 5.26. The most popular suggestion, with 32 votes, was the
implementation of an LLM (large language model) transcript extraction feature. This
would allow for questions asked at each table to be transcribed and extracted from
live conversations, reducing the need for students to manually type out questions.
This highlights a desire for technology that can enhance real-time engagement with-
out adding extra effort on the student’s part, which could also improve participation
by allowing students to focus on the discussion rather than multitasking. This also
suggests that students are open to automation in facilitating discussion and highlights
that they don’t mind the idea of having an Al tool listening to their table discus-
sions. Privacy, surprisingly, wasn’t a major concern here, which is an interesting note
considering the current discourse around surveillance in educational technologies.
Quizzes embedded throughout the presentations were another popular option,

with 27 students endorsing this feature. This finding further reinforces that students
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see value in having regular check-ins to reinforce comprehension and engagement. On
a similar note, students proposed interactive prompts to maintain attention, such as
requiring them to click through the presentation (18 votes). This aligns with the need
for active learning strategies that help mitigate distractions.

Following closely behind, 20 students suggested having a dedicated question-
answering or presentation-watching class. This structure could help streamline the
engagement process by providing dedicated time to focus on either content delivery
or clarification. The idea of requiring students to watch the videos beforehand, with
class time dedicated solely to answering questions, garnered less support, with only
4 votes. This suggests that while some students may benefit from this approach,
the majority might struggle with time management or prefer more flexible viewing
options.

Additionally, students offered several written-in suggestions that echoed the broader
themes of engagement and flexibility. One suggestion emphasized the importance of
offering multiple ways for students to engage with presentations, suggesting that per-
sonalization and autonomy are key components of effective learning. Some students
advocated for smaller group discussions after presentations, rather than large-class
discussions, indicating a preference for more intimate, focused interactions. Others
wanted shorter videos and fewer questions, as well as a mix of live questions and typed
questions to promote a more dynamic and responsive learning environment. These
suggestions underscore the importance of designing educational tools that cater to
diverse preferences and promote deeper engagement through both technology and

social interaction.
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The data gathered here suggests students value interactive and participatory fea-
tures that make the learning experience more engaging and streamlined. Whether
it’s through automation, live interaction, or increased accountability through quizzes,
future iterations of this prototype should aim to balance flexibility with the need for
consistent student participation and engagement. This feedback offers clear direc-
tions for future improvements, keeping student preferences and engagement at the

forefront of design.
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5.4 Presentation of Pre-Agreement Data

5.4.1 Kappa and Accuracy Tables by Code

The tables in this section 5.1, 5.2, 5.3 focus on the pre-consensus data, offering insight
into the raw inter-rater reliability scores, including Kappa and accuracy scores for each
code. For more information about the methods used see Chapter 3.

A Kappa score of 1 indicates perfect agreement, 0 represents agreement that is no
better than chance, and negative scores suggest systematic disagreement. Accuracy
score, in contrast, reflects the percentage of agreement between the raters without
adjusting for chance.

The tables display data for all codes excluding codes that showed perfect disagree-
ment or were not used at all. Perfect disagreement occurred when one rater applied a
particular code to a response, while the other rater did not apply the code at all. This
discrepancy was often due to the complexity of managing 39 distinct codes, where a
rater might overlook a specific code’s existence during the initial blind coding phase.

Negative Kappa scores emerged in cases where both raters applied a code, but
never on the same question, indicating a lack of shared understanding or criteria for
that specific code.

This data also serves as a baseline for assessing how consensus discussions im-
proved inter-rater reliability, showing the effectiveness of collaboration in the cod-
ing process. Including this pre-consensus data ultimately adds transparency to the
study’s findings by ensuring that any coding inconsistencies are addressed and ac-
counted for.

By examining this pre-consensus data, we gain a clearer picture of the challenges
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involved in achieving consistent coding, especially when working with a complex cod-
ing scheme like the one in this study. The data highlights areas where adjustments

and discussions were most necessary to reach consensus.
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Code Kappa Accuracy
INTERpos 0.8321783105 92.1%
ONL 1 100%
Question 1.1 TRy, 0.3784530387 94.1%
ROUNDpos  0.648721921 96.1%
PROF 0.6856677524 86.2%
OUTCOME  -0.0221987315 91.4%
Code Kappa Accuracy
INTERpos 0.905707196 99.3%
ANX 0.4735915493 93.4%
FOCUS 0.3077513431 92.1%
RUBR 0.2323232323 92.1%
INTERneg 0.7967914439 99.3%
ROUNDneg  0.4950166113 98.7%
Question 1.2 pROF -0.01732673267 92.8%
ELMneg 0.4898819562 97.4%
PACE 0.7091346154 91.4%
ANON 0.4950166113 98.7%
SIZE 0.3294367694 88.8%
PREREQ 0.3259423503 97.4%
RESOURCE  -0.01178451178 89.5%
ENGL 0.7967914439 99.3%
Code Kappa Accuracy
INTERpos 0.793877551 98.7%
ANX 0.5302901748 75.0%
ROUNDpos 1 100%
Question 1.3 pACE -0.005543237251 96.1%
ANON 0.190412783 94.7%
SIZE 0.5769694534 80.9%
PREREQ 0.4950166113 98.7%
ENGL 0.793877551 98.7%

Table 5.1: Pre-Agreement Kappa and Accuracy Scores by Code for Questions 1.1 to
1.3, including codes which were identified at least once and did not have 100%
disagreement within a question.

109


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

Question 1.4

Question 2.3a

Question 2.3b

Question 2.3c

Code Kappa Accuracy
INTERpos -0.005917159763 94.1%
DEEPEN 0.4251831182 69.1%
CONCISE 0.7242647059 94.7%
RELEVANT  0.3048600884 83.6%
COMMON 0.5525204867 84.2%
Code Kappa Accuracy
INTERpos 0.6421568627 94.6%
ONL 0.3232876712 62.2%
ANX 0.6858789625 91.9%
DEBAT 1 100%
PROF 1 100%
Code Kappa Accuracy
INTERpos 0.7832167832 96.8%
LIVE 0.6516853933 96.8%
ONL 0.3673469388 90.3%
ANX 1 100%
RESOURCE 1 100%
Code Kappa Accuracy
LIVE 0.75 87.5%
FOCUS 0.6 87.5%
ANX 1 100%
ROUNDneg 1 100%

Table 5.2: Pre-Agreement Kappa and Accuracy Scores by Code for Questions 1.4 to
2.3c¢, including codes identified at least once and did not have 100% disagreement
within a question.
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Question 2.4

Question 2.5

Question 2.11a

Question 2.11b

Question 2.11c

Code Kappa Accuracy
LIVE 0.7932011331 98.6%
ONL 0.4186795491 93.2%
FOCUS 0.4615877081 83.6%
LENdec 0.333767927 90.4%
BREAK 1 100%
TIME 0.6604651163 98.6%
INTERneg 0.4895104895 97.3%
ROUNDneg  -0.01264044944 86.3%
Code Kappa Accuracy
INTERpos 0.12109375 84.0%
ONL 0.4897959184 97.3%
BREAK 0.8390455531 93.3%
Code Kappa Accuracy
FOCUS 0.5294117647 90.6%
TIME 0.8181818182 93.8%
Code Kappa Accuracy
FOCUS 1 100.0%
TIME 0.6956521739 85.7%
Code Kappa Accuracy
INTERpos 0.7824074074 91.7%
FOCUS 0.5681818182 79.2%

within a question.
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Chapter 6

Proposed Design: Interaction.ai

This chapter presents the second prototype design of an interactive classroom tool, In-
teraction.ai, developed in response to extensive feedback gathered from initial testing,
interviews, survey data, and discussions outlined in the previous chapter. The design
focused on improving engagement, cultivating positive social interaction and improv-
ing educational outcomes while minimizing the burden on the instructor. Detailed
wireframes of each interface within the system, capturing both student and presenter
modes, are delineated to illustrate the functionality of user interaction flows. This
design iteration aims to balance between technological innovation and practical us-
ability, adding features not simply because they are possible, but because they meet

needs identified during the first prototype feedback collection period.

6.1 Design Goals

In this subsection, we outline the key design goals achieved by Interaction.ai. Each

goal is crafted to address specific challenges within large classroom settings, enhancing
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both teaching and learning experiences.

1. Enable Active Student Participation: Create tools which allow every stu-
dent to participate in large classes where students present course material.
Change the current expectation (many students can only rarely be heard, so
students listen passively) by lowering the barrier to participation through tech-
nology. In a conventional lecture, real-time polls and quizzes are used, but how
should this be adapted for a more engaged classroom? This design goal should
respond to the number one trend in user feedback: anxiety preventing them

from fully participating in large classes.

2. Improve Group Dynamics: In large classes in which instructional staff can-
not monitor, let alone facilitate discussions in every group, use technology to
create a license to and expectation to participate in group discussions. For ex-
ample, a digital version of a “talking stick” could not only identify the current
speaker, but give feedback on time per speaker and ensure that everyone gets
equal opportunity to speak. This design goal should respond to the second
trend in user feedback: the desire to share ideas and discuss reactions to class

material within a known peer group.

3. Minimized Instructor Workload: Having observed that LLaMA could cu-
rate questions nearly as well as the instructor, and that participation in re-
flection through posing questions was very high, use technology to automate
administration of question curation and other tasks which give every student
a chance to participate. For example, in addition to curating to achieve depth

and breadth in questions, memory of previous choices can be used to ensure
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that every student has a great chance of at least some of their questions being
used in class. This design goal responds to the feedback from students that
question curation (e.g., to encourage deepening of knowledge) is very desirable,

and feedback from instructional staff that manual curation is resource-intensive.

4. Instant, Actionable Feedback Use technology to gather anonymous feed-
back on the clarity and interest of each part of their presentation so that it
can be iteratively refined. This goal responds to the common desire for in-
creased discussion time, which is only achievable by shortening presentations.
Instructors believe this can be facilitated by focusing presentations on the most

relevant and most clearly presented material.

6.2 Wireframes

The proposed design of Interaction.ai includes detailed wireframes of each interface
within the system, specifically tailored for both student and presenter modes. These
designs are meant to showcase the functionality of user interaction flows, ensuring
that the tool is intuitive and effective across various educational scenarios.

The application is designed for versatility in educational delivery, accommodating
both synchronous and asynchronous learning environments. It is well-suited for live
lectures as well as for settings where presenters prefer to use prerecorded presenta-
tions. This flexibility makes it an ideal resource not only for university classrooms
but also for workshops and seminars aimed at boosting engagement and interaction
among participants. Whether facilitating a live seminar or providing a platform for

students to interact with prerecorded lecture content, this app supports a range of
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educational activities, including group discussions and tutorial sessions. This adapt-
ability ensures that the tool can enhance learning experiences in diverse educational
contexts, from formal university settings to more informal learning workshops and
seminars.

Figure 6.1 presents a comprehensive user flow diagram for Interaction.ai, display-
ing the array of interactive options available to users within the application. This
diagram serves as a visual map of the entire user journey, detailing each possible
action and decision point across different user roles, including students and instruc-
tors. While individual screens and their functionalities will be depicted and discussed
separately below, this user flow diagram provides an overarching view of how users
navigate through the application

Upon launching the app, the user is met with the below landing screen. It prompts
users to upload their presentation slides and accompanying script files by either drag-
ging and dropping them into the designated area or using the file selection dialog.
This interface is designed to ensure ease of use, allowing users to quickly set up their

presentation.

Interaction.ai
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Figure 6.1: User flow diagram
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Once the files are uploaded, the option to start is unlocked.

Interaction.ai

Afterwards a screen appears allowing users to select their desired mode.

Presentation Mode

Discussion Mode

In "Presentation Mode,” instructors can initiate a lecture-style session that lever-
ages Al for question analysis, sentiment capturing, and instant engagement gener-
ation, such as context-driven questions aimed at increasing class interaction. This
mode also provides a detailed analysis post-lecture to assess overall engagement and

comprehension. Conversely, 'Discussion Mode’ is designed for interactive sessions,
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Student View Presenter View
S

A Livetranscript

Supervised learning involves

For example, predicting
whether an email is spam or
not spam. Unsupervised
learning, on the other hand,
uses data that isn't labeled

Figure 6.2: Student and instructor user interface for presentation mode.

promoting in-depth discussion and collaborative learning with tools like the digital
talking stick for regulated turn-taking, a countdown timer, and graphs that mon-
itor and visualize student talk time. These features collectively ensure a dynamic
and responsive learning environment tailored to the needs of both instructors and

students.

6.2.1 Presentation Mode

Figure 6.2 showcases the dual-view functionality of the application in Presentation
Mode for the presenter and the participant.

The main display of the presenter view for presentation mode acts as a dash-
board, allowing the user to monitor real-time reactions and audience questions. It
provides the option to instantly generate context-specific questions to stimulate en-
gagement. These features are customizable to meet the presenter’s requirements, and
comprehensive feedback is available post-presentation through the insights tab. These

features allow instructors to adapt their delivery based on immediate feedback and
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boost interaction with their students. More details about each of these features with

specific screenshots to follow.

Modify question

Presentation settings
preview

@ @ O——————  Insightsfrom

presentation

E——
—
@ @°
E— =
— Amount of
f— students who have
reacted thus far
E— Send question to
Audience
T_ Manually generates question
See student questions fosendiioudionce
as they pop up, hide to o .
avoid distracti A Questions & L7

expand to see more 1. How can Timprove the accuracy of a neural network model?
2. What are the main differences between supervised and unsupervised learning?
3. Is data science the same thing as machine learning?

The student view showcases a streamlined interface designed around the most
frequently requested features. Students can access a live transcript (a feature es-
pecially beneficial for those who face challenges with English comprehension), ask
questions anonymously, and provide one-click feedback on the presentation. The
feedback is designed to highlight specific segments as either particularly engaging,
confusing, or worthy of discussion. This design significantly enhances the educational
experience by facilitating easier navigation and enabling real-time interaction and
targeted feedback. The interactive setup not only improves comprehension but also
actively involves students in the learning process, creating a dynamic environment

which engages students.
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Submita
question

Live transcript

Supervised learning involves
training the model with
labeled data, meaning the
Presentation algorithm learns to predict an
~—° outcome based on input
features.

live transcript

For example, predicting
whether an email is spam or
not spam. Unsupervised
learning, on the other hand,
uses data that isn't labeled

-

o

Insightful /| Off-topic /
learned something repetitive or I’'m
confused

Flag for the
discussion portion

The audience collected question feature is a revised version of the main feature

tested in the first prototype.
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In the survey data, students reported a higher propensity to ask questions when
afforded anonymity. This preference is largely driven by heightened social anxiety,
a trend that has escalated post-pandemic [24, 30]. Reflecting on feedback from our
instructor interviews, it became clear that instructors and presenters needed a quick
low-effort way to make use of these student questions. Whether a presenter receives

just a handful of questions or hundreds in a brief period, the system is equipped to
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manage both extremes. For the latter instance, the interface allows for the quick
selection of a representative sample of questions, enabling presenters to address them
efficiently within limited time frames. For example, if an instructor had 5 minutes at
the end of lecture to answer questions, they could ask the system to pick one or two
of the most representative questions that will aid in deepening understanding of the
lecture content. The selection criteria used by the large language model (LLM) to
identify these questions is based on survey data we collected from first year students
asking them to define what constitutes a great question.

The presenter can use the Al-generated summary to quickly grasp the primary
concerns and topics students are most curious or confused about. This summary
aggregates the questions raised by students and highlights recurring themes or ar-
eas of particular interest or confusion. Presenters can quickly identify key points of
discussion, tailor their responses more effectively, and ensure that they address the
most pertinent issues raised during the session. This feature not only saves time but
also enhances the relevance and impact of the presenter’s follow-up, facilitating a
deeper connection with the audience and fostering a more interactive and responsive
educational environment. This aligns with another significant theme from the data:
positive social interaction. These interactions are identified by students as the most
important factor in the university classroom experience (See Figure 5.2). By facilitat-
ing tailored responses and focused discussions based on the Al summary, presenters
can enhance these interactions by easily cultivating responsiveness.

The large language models act as a tool to analyze and interpret the questions
within the context of the ongoing presentation or lecture, providing presenters with

actionable insights with an emphasis on speed. For more in-depth insights to help
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revise future iterations of the presentation, or inform gaps before the next lesson, the
insights tab is particularly useful. However, this current question analysis feature
excels in summarizing only the audience questions which can be helpful during the

presentation.

A Live transcript

Toggle to flag for
discussion topics

features.

For example, predicting
whether an email is spam or
n supervised

Students have a simple interface to ask questions with just a textbox and a tog-
gle to flag the question as a discussion topic for presentations with a question and
answer or tutorial component. The LLM takes these into consideration when picking
discussion topics.

The question generation module in this application addresses a common chal-
lenge in large classroom settings: maintaining student engagement during extended
lectures. Traditional transmission-style teaching often fails to involve students ac-
tively and leads to reduced learning outcomes [52], especially during lengthy sessions
without breaks or interactive checkpoints. These features help transition from tradi-
tional transmission models (where information delivery is unidirectional) to a more
interactive, constructivist approach.

Upon pressing the “Send question to Audience” button, shown in Figure 6.3, this

feature displays a pop-up with a preview of the question to be sent to the audience.
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This question can be automatically generated based on the content displayed at the
current point in the slides or script. If the question does not meet the presenter’s
expectations, there is an option to regenerate the question. This allows for the se-
lection of various question types, such as summary, multiple choice, lateral thinking,
brain dump, and more depending on the customization specified in the engagement
settings. See the engagement settings flow Figure 6.4 for more details on this.

The presenter can also edit the questions or the choices provided in multiple-choice
formats with the pencil icon. This adaptability ensures that the questions align well
with the lecture’s objectives and the audience’s comprehension level. It also provides
an additional level of protection from GenAl hallucinations.

The interface offers insights into the cognitive load or difficulty level of each ques-
tion, aiding presenters in maintaining a balanced cognitive challenge throughout the
lecture. This feature recognizes the importance of varying the complexity of questions

to optimize student engagement and learning outcomes.

Q X

Question Preview

You are developing a diagnostic tool for a rare disease where the cost of a
false negative is very high. How would you use the ROC curve to determine
the best operating point for your model? /

.1l medium-high difficulty @

This question will display for 02:45 minute(s) n

Additionally, presenters can adjust the duration for which each question is dis-

played, providing flexibility to accommodate different discussion lengths and depths.
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Once finalized, the question can be dispatched to all students, facilitating real-time
interaction and engagement.

This module not only supports the seamless integration of interactive questions
into presentations but also empowers educators to tailor their instructional approach.
By enabling easy adjustments and offering a range of question types and difficulty
levels, it enhances the educational experience, making lectures more engaging and
responsive to student needs. This module leverages insights from educational theory
to intersperse higher-order and lower-order cognitive questions throughout lectures,
ensuring cognitive engagement without overwhelming students. For instance, while a
continuous “brain dump” after each slide might lead to student fatigue, strategically
placed questions can enhance retention and understanding.

Feedback from instructors highlighted a need for more manageable integration of
quizzes and questions to enhance learning and maintain engagement. The interviews
also unveiled a need for a product like this as existing university tools were deemed
too cumbersome and time-consuming—especially given their other responsibilities.

Users can customize the types of questions generated—ranging from multiple-
choice to more complex problem-solving queries—according to the lecture content
and their pedagogical goals. The system intelligently varies question types based on
user preferences and the structure of the lecture material.

To counter potential inaccuracies or hallucinations common in generative Al, this
module focuses on question generation rather than evaluation. This approach har-
nesses Al’s capability to reduce administrative burdens while fostering intellectual
engagement.

Additionally, timing settings allow instructors to automate question generation at
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Figure 6.4: Engagement Settings Flow

127


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

specific intervals, suitable for those who might not remember to manually introduce
questions during a lecture. Alternatively, presenters can initiate questions manually,
aligning with natural breaks or transitions within the lecture flow.

For those who prefer to prepare in advance, the system supports the uploading of
pre-vetted questions. A downloadable template guides users on how to format these
questions effectively. Before each session, instructors can preview and reorder the
auto-generated questions based on the uploaded slides and scripts, ensuring they align
with the lecture’s learning objectives and flow. This flexibility makes the Engagement
Settings module a powerful tool for enhancing interactivity and learning in large-scale
educational settings.

In the student interface, the design adapts to match the type of question be-
ing posed, ensuring a seamless user experience. The example below illustrates a
multiple-choice question interface where students can select their answer and submit
their response. For questions that require a written reply, the interface transforms to
display a long-format text box, facilitating straightforward submission of longer an-
swers. This adaptive interface design ensures that students can focus on the content

of the questions without navigation difficulties.

Questiongetssent ______§ What does an ROC curve What does an ROC curve
out to all students display? display?
A) The trade-off between A) The trade-off between
precision and recall for different  Jf, || precision and recall for different
thresholds thresholds
B) th)3 trade-off between true | B) The trade-off between true o—ff— Student makes a
positive rate and false positive positive rate and false positive selection
rate for different thresholds rate for different thresholds
C) The relationship between C) The relationship between
model complexity and training model complexity and training
time time
D) The correlation between D) The correlation between
feature importance and model feature importance and model
accuracy accuracy
Submit answer — 3 0
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The Insights module shown in Figure 6.5 serves as a comprehensive feedback
mechanism for educators and presenters, enabling a deeper analysis of their lectures
or presentations. This module synthesizes data from various sources to provide action-
able insights, making it an essential tool for continuous improvement in educational
settings.

Upon completion of a presentation, this module aggregates data from pre-uploaded
slide content, real-time transcripts (which may diverge from the planned script), stu-
dent reactions, and questions posed during the session. By analyzing these diverse
data streams, the Insights module identifies key areas where attendees felt confused or
found the content particularly enlightening. It also examines the timing and context
of questions to pinpoint gaps in understanding and topics that may require further
elaboration.

A unique feature of this module is its ability to provide both macro and micro-level
feedback. Presenters can view aggregate reaction data to gauge the overall engage-
ment and comprehension of their lecture, or they can drill down to specific sections.
By selecting a particular slide or segment of the transcript, users can access detailed
insights related to that portion of the presentation. The Al-powered summary up-
dates dynamically, offering specific feedback on points of confusion and interest, along

with recommendations for content adjustment or additional coverage areas.
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This granular approach allows educators to tailor their teaching strategies more ef-
fectively, addressing specific learner needs and curiosities. It also aids in the strategic
planning of future lessons, ensuring that subsequent presentations are more aligned
with student learning requirements and interests. Overall, the Insights module trans-
forms passive lecture delivery into an interactive, adaptive learning experience that

enhances both teaching efficacy and student engagement.

6.2.2 Discussion Mode

Discussion Mode in the Interaction.ai platform is designed for settings including work-
shops, Q&A sessions, and tutorials. This mode strategically addresses the needs for
positive social interaction and equitable participation, identified through extensive

feedback and data analysis from previous user surveys and interviews. Each interface
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will be explored in detail, illustrating how they cater to the distinct needs of students,
groups, and instructors. This section will cover the functionalities designed to sup-
port a variety of discussion formats, whether in academic settings or more informal
educational workshops. Each mode is crafted to optimize interaction, encourage eq-
uitable participation, and manage the dynamics of group discussions, ensuring that

all voices are heard and valued in the learning process.

Figure 6.6: left student view, middle group view, right instructor view

In Student Mode, the application maintains essential features from Presentation
Mode, including the live transcript. In catering to a diverse range of students, it was
important to design for their unique needs and preferences. For this feature we're
designing for the student who likes having a transcript to increase comprehension, and
we're also designing for the student who gets easily distracted and wants a minimal
interface — so we have the ability to hide the transcript. One of the additions of
discussion mode’s student view is the digital talking stick, a feature designed to
alleviate social anxiety by encouraging equitable low barrier to entry participation.
This tool not only enables students to signal their willingness to contribute by ’raising’
their virtual hand but also includes the option to pass, accommodating students who
may prefer not to speak at that moment.

The digital talking stick system is integrated with a countdown timer that governs
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the duration of each student’s turn to speak. This ensures that speaking time is
distributed fairly among all participants, a feature rooted in our commitment to
fostering a balanced and inclusive dialogue environment. Some of the comments
from the students that dictacted negative experiences with their peers included group
members talking too much or not participating at all — both scenarios this feature
aims to address. The timer helps manage the flow of conversation, preventing any
single participant from dominating the discussion, thereby aligning with our data-
driven insights that emphasize the importance of fair and meaningful interaction. The
Student Mode interface is designed to keep students engaged but not overwhelmed
with features that support a structured yet flexible discussion format. Catering to the
diverse needs of students and directly impacts their satisfaction with their educational
experience. These elements collectively ensure that each student can engage in the
learning process in a manner that respects their comfort levels yet encourages active

participation with the material.

—

rdiketotale o}
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Live transcript =

Discussion live
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Q\ Skip J )

I’'m done

Figure 6.7: Student flow for discussion mode
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Group Mode in the Interaction.ai platform is designed to enhance the group dis-
cussion experience by providing detailed, measurable insights into participation dy-
namics. This mode is built around the concept that having quantifiable attributes
of performance, such as the amount and distribution of talk time, can significantly
improve the coaching and management of group interactions.

One of the central features of Group Mode is the participation pie chart, a visual
tool that displays the distribution of speaking time among group members. This
chart makes it immediately apparent who is contributing most to the discussion and
who may be holding back. By providing this level of transparency, the platform helps
identify potential issues of dominance or reticence within the group that might not be
evident even to the participants themselves. This feature is crucial as it allows both
students and instructors to recognize and address imbalances early in the discussion,
ensuring that all voices are heard and valued.

Group Mode also includes real-time management features that enhance the flow
and relevance of discussions. It displays the current discussion question prominently
and provides options for the group to switch to other topics, fostering a dynamic
exchange that keeps the discussion fresh and engaging while allowing students options
for what they want to engage with. Students can see a list of upcoming topics and
collectively choose which ones to tackle next, giving them a sense of ownership and
investment in the course of their dialogue.

Another innovative feature of Group Mode is the integration of a help request
system. Students can request assistance from the instructor without disrupting the
flow of discussion, which democratizes the attention each student receives. This

system is designed to queue help requests in order of receipt, ensuring that assistance
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is rendered fairly and efficiently. This addresses a common challenge in classroom
settings where instructors might miss hand raises or cues from quieter students, thus
promoting an equitable learning environment.

By tracking and analyzing discussion metrics, Group Mode provides actionable
insights that can significantly impact learning outcomes. For example, if a student
consistently talks too much or too little, these behaviours can be addressed through
targeted feedback and coaching. Instructors can use the data to encourage more bal-
anced participation and to coach students on effective communication skills. Addi-
tionally, students themselves can reflect on their participation metrics, gaining aware-
ness of their own behaviours and learning to adjust their engagement in group settings

accordingly.

Countdown timer for
5 -
,_) 06:18 total remaining time

Current Discussion Topic

Model Performance and Evaluation: Discuss how metrics like
Sugrent discussion precision, recall, and F1 score provide insights into model performance

topic (will switch when
topic is changed) ©  and when to prioritize each metric.

see all topics O———— Preview
all topics
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o Claire

Cycle through all

Tatiana Next Topic available topics
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time per student

All questions from
Call Professor / TA © students. Scroll bar to
navigate through
entire list

Abdu

Next in queue: Sarah

Founders @ work ,

Next student in queue

Figure 6.8: Discussion Mode: Group Table View

For instructors, Group Mode works in tandem with Instructor Mode, which of-

fers a comprehensive at-a-glance view of class performance and participation metrics.
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Instructors can monitor participation from a central dashboard that shows the par-
ticipation charts for each group, allowing them to intervene strategically when they

notice participation imbalances or other issues.
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Figure 6.9: Discussion Mode: Instructor View

In addition to participation charts, Instructor Mode includes queue banners that
show the speaking order of students. This feature is particularly beneficial in man-
aging turn-taking and ensuring that all students have equal opportunities to request
help. The banners update in real time, providing a clear sequence of participation.

The mode is also equipped with adjustable countdown timers, a feature that en-
hances the management of group discussions, especially in asynchronous learning en-
vironments where groups may start the discussion phase at different times. Whether
a group starts their discussion earlier or later due to the varied pacing of video play-
backs or personal scheduling, the countdown timer ensures that each group has a set,
equitable amount of time to discuss. This standardization helps maintain a uniform
structure across all discussions, regardless of when they start — though the interface

is dynamic enough to support all organizational structures.
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Ultimately, Instructor Mode empowers educators to enhance the effectiveness of
group discussions. By providing a holistic view of class performance and detailed
insights into each group’s interaction, instructors can make informed decisions that
foster a more inclusive and balanced educational environment. This mode not only
supports the logistical aspects of teaching large classes but also contributes signifi-
cantly to the goal of equitable student engagement and active participation in learn-

ing.

X
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Invisible Women ¢ Automate This » Book of Why ¢

Figure 6.10: Instructor View. When a group indicates they need help a banner
pop-up will appear

By integrating these modes, Discussion Mode not only facilitates robust interac-
tion but also leverages technology to make educational experiences more engaging,
fair, and responsive to student and instructor needs. It’s a strategic enhancement
that directly responds to the evolving dynamics of modern classrooms, ensuring that

every student feels heard, valued, and actively involved in their learning journey.
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The design of Interaction.ai’s wireframes and its integrated features reflects a pro-
found commitment to understanding and addressing the needs of end users. Through
leveraging an extensive dataset, we have developed deepened empathy with our stake-
holders, which has guided the creation of a tool that enhances the educational ex-
perience for both instructors and students. By incorporating technologies such as
generative Al and large language models, Interaction.ai is positioned at the forefront
of educational technology. It offers powerful, user-friendly solutions that streamline
the teaching and learning processes, making sophisticated educational interactions
more accessible and effective. Our hope is that this software not only improves the
classroom dynamics but also sets a new standard for the integration of technology in
education, fostering environments where learning is continuously enriched and effort-
lessly managed.

In conclusion, Interaction.ai has been meticulously designed with the end user
in mind, utilizing a robust dataset to deeply understand and align with their needs.
This application is envisioned to transform the classroom experience for both instruc-
tors and students by harnessing the latest advancements in generative Al and large
language models. The integration of these technologies aims to enhance learning
dynamics significantly, offering both real-time interaction and extensive analytical
capabilities. It is our hope that this tool not only improves the educational landscape
by making classrooms more interactive and responsive but also sets a new standard
for the integration of technology in education, fostering environments where both

teaching and learning can thrive.
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Chapter 7

Limitations and Future Work

7.1 Critique and Alternatives to Design Thinking

Design Thinking is widely recognized for fostering creativity, aligning solutions with
user needs, and encouraging cross-disciplinary collaboration. Its focus on empathy
and experimentation makes it a particularly effective framework for addressing com-
plex problems where human behaviour and preferences are central. Adopting Design
Thinking in this research stems from its widespread use along with my prior experi-
ence with the method and the success I have observed in other contexts. However,
while it remains a versatile and impactful approach, it is not without limitations.
Other methodologies, such as Lean Startup, Agile Development, and Systems Think-
ing, offer alternative perspectives with unique advantages [26]. This section explores
these approaches, considering their potential application to this research and provid-

ing a critical comparison to the Design Thinking framework.
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7.1.1 Agile

Agile Development originated in software engineering as a framework to manage
projects in dynamic and fast-paced environments. Its core principles, flexibility, col-
laboration, and iterative processes, are facilitated through tools like scrums, sprints,
and Kanban boards [3]. Agile’s primary goal is to adapt to changing requirements
while consistently delivering value to the end user. By breaking projects into smaller,
manageable cycles, Agile ensures regular feedback and allows teams to pivot quickly
when needed.

Compared to Design Thinking, Agile focuses less on the exploratory phase of in-
novation, such as problem framing and ideation, and more on the operational phases
of product development [26]. It excels in environments that require continuous re-
finement and implementation, where execution and efficiency are paramount. In con-
trast, Design Thinking prioritizes understanding user needs, reframing assumptions,
and fostering creativity during the early stages of problem-solving. This creativity,
however, can sometimes overlook practical constraints like cost, time, and feasibility,
making solutions less executable in the operational phase, particularly when scaling
ideas for larger user bases.

While Design Thinking focuses on gaining a deep understanding of the user [7],
Agile ensures steady progress by delivering concrete solutions throughout the devel-
opment process. Its emphasis on execution helps prevent teams from lingering too
long in the problem-framing phase, addressing a critical weakness of Design Think-
ing in contexts that demand continuous, actionable delivery. However, Agile’s focus
on iterative development and rapid delivery can lead to short-term fixes rather than

more comprehensive, long-term solutions, especially when broader contextual factors
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are neglected.

Unlike Design Thinking, which encourages reframing problems and challenging
assumptions, Agile typically assumes that the problem space is already well-defined.
This assumption can limit its effectiveness in addressing complex or ambiguous chal-
lenges that require a more in-depth exploration of user needs and systemic factors.

Despite these differences, the frameworks can complement each other. Agile’s
iterative cycles benefit from the insights and direction derived from Design Think-
ing’s exploratory stages, such as understanding the user and framing the problem.
Agile’s structured approach to delivery can enhance the implementation of solutions
generated during Design Thinking’s creative and empathetic problem-solving phases.

Integrating Agile with Design Thinking can help bridge these gaps. Design Think-
ing’s emphasis on empathy, creativity, and problem reframing can guide Agile’s it-
erative cycles, ensuring that execution remains aligned with user-centred insights.
Conversely, Agile’s structured delivery methods provide a disciplined pathway for im-
plementing the ideas generated through Design Thinking. This integration suggests
the potential for a hybrid approach, though challenges remain in managing transi-
tions between frameworks, particularly in how user feedback and problem framing are
coordinated. Such considerations are particularly relevant in areas like educational

technology, where user engagement and adaptability are essential for success.

7.1.2 Lean Startup

Lean Startup is a methodology aimed at improving the success rate of new ven-
tures by emphasizing rapid iteration through minimum viable products (MVPs) and

feedback loops. The cycle of “build, measure, learn” is designed to minimize waste,
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reduce market risk, and accelerate time to market [33]. By focusing on the contin-
uous development of MVPs and incorporating real-world validation, Lean Startup
allows businesses to test their assumptions early and adjust quickly based on market
feedback. This makes the methodology particularly beneficial for startups or organi-
zations operating with limited resources, as it prioritizes efficiency and the elimination
of unnecessary processes. Lean Startup’s key advantage lies in its ability to validate
products quickly, helping to ensure that businesses are on the right track before com-
mitting significant resources.

In contrast, the abductive reasoning that underlies the Design Thinking process
focuses more on the early stages of problem-solving, such as understanding user needs,
framing and reframing assumptions, and generating creative solutions through em-
pathy and observational research [26]. While both methodologies value iteration,
Lean Startup is more outcome-focused, with a specific emphasis on market readiness
and product-market fit. Lean Startup’s approach is rooted in validating hypotheses
through real-world testing, often in the form of MVPs, which can quickly confirm
or disprove assumptions about customer needs and preferences. This emphasis on
efficiency and quick pivots based on customer feedback is particularly advantageous
in markets that require rapid adjustments or in resource-constrained environments
where time and funding are limited.

One of Lean Startup’s main advantages over Design Thinking is its focus on mea-
surable metrics and tangible outcomes. Lean Startup emphasizes learning from real-
world data, allowing teams to validate their ideas with customers early on in the

process. This data-driven approach ensures that the solutions being developed are
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grounded in actual market demand, making Lean Startup particularly effective in en-
vironments that require quick decision-making and minimal resource investment. In
contrast, Design Thinking often leans heavily on qualitative data, such as interviews
and ethnographic research, which can sometimes delay decision-making and limit the
immediacy of the feedback loop.

However, Lean Startup also has its downsides. Its emphasis on rapid iteration and
MVPs may sometimes prioritize speed over depth, leading to solutions that are pre-
maturely scaled or lack long-term sustainability. Additionally, Lean Startup’s focus
on market validation can sometimes overlook the broader social or cultural context
that Design Thinking takes into account, potentially resulting in products that meet
market demand but do not align with deeper user needs or systemic considerations.
While Lean Startup’s data-driven approach helps to minimize market risk, it can
inadvertently limit creativity and exploration, particularly in fields or problems that
require deeper empathy and understanding of user behaviour beyond what can be
quickly tested in an MVP.

Lean Startup and Design Thinking offer distinct advantages depending on the
context in which they are applied. Lean Startup’s focus on rapid testing, real-world
validation, and efficiency makes it an effective tool for startups and projects that
require quick market feedback and validation. However, Design Thinking’s emphasis
on empathy, user-centred design, and exploration of ill-defined problems allows for a
broader scope in addressing complex, multifaceted issues. Both approaches share it-
erative principles but differ significantly in their priorities and methodologies, making

each more suitable for different stages of the product development lifecycle.
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7.1.3 Systems Thinking

Systems Thinking is an approach to problem-solving that views complex problems
as part of an interconnected system rather than isolated issues. It emphasizes un-
derstanding the relationships between various components of a system, recognizing
that changes in one part of the system can have cascading effects on the whole. By
considering feedback loops, patterns, and interdependencies, Systems Thinking en-
ables a more holistic understanding of problems. This methodology is particularly
beneficial in addressing complex, long-term challenges, as it allows for a comprehen-
sive analysis of the underlying structures and forces that shape system behaviors [51].
The key advantage of Systems Thinking is its ability to model and understand how
various elements within a system interact, providing a clearer picture of the whole
and informing more sustainable and effective solutions.

One of the main advantages of Systems Thinking over Design Thinking is its ability
to address complex, multi-dimensional issues by considering the interconnectedness
of system components. For example, in tackling social, environmental, or organiza-
tional problems, Systems Thinking allows for a deeper analysis of the various factors
influencing the issue, such as feedback loops, delayed effects, and unintended conse-
quences [36]. This broader understanding can lead to more sustainable solutions that
take into account the long-term impact of changes within the system. Design Think-
ing, while valuable in its focus on human-centred solutions, may not always account
for these systemic complexities, potentially leading to solutions that are effective in

the short term but fail to address root causes or long-term consequences.
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However, the broad and complex nature of Systems Thinking can also be a draw-
back. The emphasis on understanding the entire system can lead to analysis paral-
ysis, where the sheer number of interconnections and variables overwhelms decision-
making. Unlike Design Thinking, which fosters creativity and ideation in a more
defined problem space, Systems Thinking requires extensive analysis, which can de-
lay action and result in less immediate, tangible outcomes. Additionally, the focus on
systemic relationships may lead to solutions that are difficult to implement or scale in
real-world contexts, where practical constraints such as time, resources, and political
factors must be considered.

While Systems Thinking offers a powerful framework for addressing complex,
multi-layered problems by considering the whole system, it may be less practical in
situations that demand quick, iterative, user-centred solutions. Design Thinking, by
focusing on human-centred problem-solving and iterative prototyping, is well-suited
for contexts where empathy and immediate user needs are the priority. However,
Systems Thinking’s holistic view allows for a deeper understanding of the broader
context, making it particularly valuable in addressing long-term, complex issues that

extend beyond individual user needs or product features.

7.2 Future Work

A key next step involves refining the prototype Interaction.ai, and implementing it in
a university classroom. Doing so would help evaluate its broader impact on student
participation, engagement, and instructor workload. This phase can be supported by
applying the frameworks discussed in this chapter (Agile, Lean, and Systems Think-

ing) which are well-suited to guide the implementation process. While this thesis has
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demonstrated the potential of Al-driven tools to enhance student engagement, the full
impact on classroom dynamics, particularly in large and diverse courses, remains an
area for further exploration. Implementing the system across multiple classrooms will
also provide valuable insights into its ability to support various instructional styles,
adapt to different course formats, and meet the specific needs of both instructors and
students.

Future work will also seek to contribute to the broader discourse surrounding Al
in education by exploring how Al tools like Interaction.ai can complement traditional
pedagogical approaches rather than replace them. This will involve a deeper investi-
gation into how Al can be used to enhance instructor-student interactions, improve
engagement during presentations, and foster a more collaborative learning environ-
ment. By continuing to evaluate the system’s effectiveness in real-world educational
settings, the research will inform best practices for integrating Al into classrooms
while preserving the human elements of teaching. This work will also contribute to
the growing body of knowledge on the design, deployment, and impact of educational
Al systems.

Finally, the potential for scaling Interaction.ai beyond the context of this study
will be explored. This includes investigating its applicability in other educational
settings, such as K-12 schools, online learning platforms, or professional development
environments. By adapting the system to different teaching contexts and user demo-
graphics, future research could expand the reach and impact of Interaction.ai, making
it a versatile tool for improving engagement and feedback across various educational
levels. The insights gained from these efforts will provide a comprehensive framework

for designing and implementing Al-driven solutions that enhance both teaching and
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learning in diverse educational contexts.

7.3 Conclusion

The primary contribution of this thesis is the design of a novel prototype, Inter-
action.ai (See Chapter 6.2), informed by design thinking principles and qualitative
feedback. This work explores how innovative educational technology can transform
traditional learning environments into more dynamic and interactive spaces.

This work also compared the performance of AI and human approaches in ques-
tion selection during group presentations. The results demonstrated that Al-driven
methods could achieve outcomes similar to those of instructors while significantly
improving efficiency. These findings underscore the potential of Al to complement
traditional teaching methods, offering scalable solutions that address both operational
and pedagogical challenges. The integration of reflexive thematic analysis provided
deep insights into students’ experiences, highlighting barriers to participation, such
as social anxiety and group dynamics.

While this research achieved its primary goals, it also revealed certain limitations.
For instance, the implementation of design thinking was constrained by the cyclical
nature of course delivery, limiting opportunities for rapid iteration. The study focused
on specific classroom settings and disciplines, which may not fully capture the diver-
sity of educational contexts. Future research should aim to address these limitations
by exploring broader applications of the prototype and integrating complementary
frameworks, such as Agile or Lean Startup, to enhance adaptability and scalability.

Looking ahead, this work paves the way for exciting opportunities in educational
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technology. Future iterations of the prototype could include more advanced Al fea-
tures, such as sentiment analysis and adaptive feedback, to further support both
students and instructors. Expanding the implementation of Interaction.ai across var-
ious classroom contexts will allow for a more comprehensive evaluation of its impact
on participation, engagement, and overall learning outcomes.

As Al continues to reshape education, it is met with both enthusiasm and skepti-
cism. Concerns about data privacy, algorithmic bias, and the potential over-reliance
on technology highlight the need for a cautious approach. Many educators worry
about the unintended consequences of integrating Al into classrooms, including the
risk of diminishing human-centred learning or replacing critical aspects of teaching.
History has shown that technology, when used thoughtfully, can significantly enhance
education — just as the printing press and the internet revolutionized knowledge dis-
semination, Al holds the potential to do the same.

Rather than viewing Al as a replacement for human educators, it should be em-
braced as a powerful tool to augment teaching and learning. By automating adminis-
trative tasks and personalizing learning experiences, Al can free educators to focus on
fostering critical thinking, creativity, and collaboration. The challenge lies in using Al
responsibly, addressing its limitations, and ensuring it aligns with ethical practices.
By preparing educators and students to work with Al effectively, we can harness
its strengths to create more inclusive, efficient, and engaging learning environments,

ultimately making education more accessible and impactful for all.
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Appendix

First Questionnaire

1. In your opinion, what is the most valuable part of the university classroom

experience?

2. What is the most challenging part of the university classroom experience? What
makes learning / achieving success challenging? What do you wish could be

changed?

3. How do you feel about the process of asking questions in class? What prevents

you from asking questions in a traditional classroom setting?
4. What makes a question a ”great question” in your opinion?
5. Do you feel asking questions improves your ability to learn?

] Yes

0 No
6. Do you typically ask questions in class?

[] Yes, almost every class
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[J Yes, sometimes
L] Rarely

O Almost never

7. Evaluate the following scenarios compared to how we collected questions for the
presentations (through avenue quizzes). How would each change your likelihood

of asking a question in class?

(a) You were instructed to ask your question into a microphone in front of
class.
[0 Much LESS likely to ask the question
[0 A little LESS likely to ask the question
O No effect (about the same as avenue quizzes)
O A little MORE likely to ask the question
0 Much MORE likely to ask the question
(b) You were instructed to raise your hand in lecture to ask your question.
[ Much LESS likely to ask the question
0 A little LESS likely to ask the question
O No effect (about the same as avenue quizzes)
[0 A little MORE likely to ask the question

[0 Much MORE likely to ask the question

(¢) You were instructed to ask your question in the public chat on Microsoft

Teams.

[0 Much LESS likely to ask the question
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[0 A little LESS likely to ask the question

O No effect (about the same as avenue quizzes)
O A little MORE likely to ask the question

[0 Much MORE likely to ask the question

(d) You were instructed to send your question as a private message to a TA

or instructor.

[0 Much LESS likely to ask the question

[0 A little LESS likely to ask the question

O No effect (about the same as avenue quizzes)
0 A little MORE likely to ask the question

[0 Much MORE likely to ask the question
(e) You were instructed to send your question in an anonymized form.

[0 Much LESS likely to ask the question

0 A little LESS likely to ask the question

O No effect (about the same as avenue quizzes)
O A little MORE likely to ask the question

[0 Much MORE likely to ask the question
8. Which question set is better?

[J Question Set A

(] Question Set B

9. How much better was the set you chose?

159


http://www.mcmaster.ca/
https://www.eng.mcmaster.ca/cas/

M.Sc. Thesis — Stephanie E. Koehl; McMaster Univ. — Dept. Computing and Software

[ Significantly better. The question set was much more engaging and inter-

esting.
[ A little better. The question set I chose was slightly more interesting.
O I chose a set at random because they were unsubstantially different.

10. Do you have any additional comments? (optional)

11. Would you be open to a research assistant following up with you to better

understand your answers?

[J I'd be open to a 10 minute audio-only call
[J I'd be open to filling out another survey

L I’'m not interested at this time
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Second Questionnaire

1. What is your email?
2. How did you find the way the group presentations were handled in class?

[] Better than in other large classrooms
[0 About the same

[ Worse than in other large classrooms
3. Why did you feel that way? What would you like to see done differently?

4. What are the biggest challenges you face in paying attention in class? What

about in paying attention to the video presentations specifically?

5. When you are having difficulty concentrating with other tasks at home or at

school, what do you find helps you get back on track?
6. Which of the following would have helped you maintain focus?

O More engagement points (quizzes and check-ins during class)

[0 Longer breaks in between topics (2-5 minute exercise break, time to so-

cialize)
(1 Having presentations more spread out

[0 Other (write here...)
7. Did you watch any videos at home instead of class?

[0 Yes, most of the time
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[J Yes, sometimes
(] 2-5 videos

[0 None (or just one)
8. What prevented you from watching the videos beforehand?

(1 My schedule constraints

[ Not enough of a priority

0 I didn’t find it valuable to do so

O I preferred to watch them live / in class

0] Other...
9. Why did you feel that way?
10. Did you prefer having the videos played in class or watched at home?

(] In class
[0 At home during class time
[0 At home prior to class

O I would have preferred the videos to not be pre-recorded (presented live)
11. Why did you prefer that method?

12. What of the following would you like to see in a future iteration of the way

presentations and questions are handled in a group class setting?

O Recording a transcript of questions asked at each table and extracting

questions from live conversations (instead of typing)
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(] Quizzes throughout the presentation

O Prompts to click through to maintain engagement (i.e. press space bar to

keep playing the video)

O Have a dedicated question answering class / a dedicated presentation

watching class

[0 Requiring students to watch videos before and just answer questions in

class

O Other:

13. Any other comments about how this class and others could be improved? (com-
ments on hybrid learning? comments on how you're finding university in gen-

eral? what are you struggling with?)

14. Would you be interested in a 10 minute audio interview to better explain your

opinion?

0 Yes
[] Yes but next semester only

[0 No thank youl
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