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ABSTRACT

This thesis aims to explore the influence and advancements of Artificial Intelligence
(AD) in education, particularly focusing on Intelligent Tutoring Systems (ITS) for
programming education. A comprehensive review of existing ITS models will be
carried out, examining their implications on academic performance, student
engagement, and motivation. Building upon this analysis, the research will
conceptualize and design an innovative ITS, prioritizing interactivity, enhanced code
evaluation, and accessibility. While empirical testing of this tool will not be within
the scope of this study, a theoretical comparison against existing non-programming
chatbot tutors and other ITS will be made. This work is expected to provide
substantial contributions to educators, policymakers, and researchers interested in the

intersection of Al and programming education.

Keywords: Artificial Intelligence, Intelligent Tutoring Systems, Programming

Education, Interactive Learning, Educational Technology, Student Outcomes.
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Bu tez, Yapay Zekdnin (YZ) egitimdeki etkisi ve ilerlemelerini, Ozellikle
programlama egitimi i¢in Akilli Ogretim Sistemleri (AOS) iizerine yogunlasarak
incelemeyi amaclamaktadir. Mevcut AOS modellerinin kapsamli bir incelemesi
yapilacak, akademik performans, 6grenci katilimi1 ve motivasyon iizerindeki etkileri
incelenecektir. Bu analizden yola cikarak, arastirma, etkilesimliligi, gelismis kod
degerlendirmeyi ve erisilebilirligi onceliklendiren yenilikci bir AOS tasarlayacak ve
kavramsallastiracaktir. Bu aracin ampirik testi bu ¢aligmanin kapsami disinda olacak
olsa da, mevcut programlama dis1 chatbot 6gretmenler ve diger AOS ile teorik bir
kargilastirma yapilacaktir. Bu calismanin, YZ ve programlama egitiminin kesigimine
ilgi duyan egitimciler, politika yapicilar ve arastirmacilara 6nemli katkilar saglamasi

beklenmektedir.

Anahtar Kelimeler: Yapay Zeka, Akilli Ogretim Sistemleri, Programlama Egitimi,

Etkilesimli Ogrenme, Egitim Teknolojisi, Ogrenci Sonuglari.
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Chapter 1

INTRODUCTION

Artificial Intelligence (Al) is emerging as an exciting technology with the potential to
completely transform several industries, including education. Traditional educational
approaches often struggle to cater to the needs of individual students, such as diverse
learning styles, different paces of learning, individual interests and motivations,
varied backgrounds and prior knowledge, and special educational needs [1, 2].
Intelligent Tutoring Systems (ITS), particularly those designed to teach programming,
bring forth the possibility of personalized and adaptive educational experiences that
can significantly enhance student outcomes.

1.1 Problem Statement

Conventional educational practices face challenges in providing individualized
instruction to students due to constraints such as resource limitations and restricted
teacher capacity. This often leads to a one-size-fits-all approach that fails to
effectively address the unique needs and interests of each learner. The integration of
ITS in programming education presents an opportunity to circumvent these
limitations and deliver tailored learning experiences that better engage and motivate
students.

1.2 Objectives of the Study

The primary objective of this thesis is to investigate the impact and potential of Al in
the field of education, with a specific focus on ITS for programming education. The

study aims to achieve the following objectives:



* Conduct a comprehensive review and analysis of existing ITS to examine their
effects on academic achievement, student engagement, and motivation.

» Explore the conceptualization and design of a novel ITS, presenting a detailed
prototype that incorporates potential benefits and theoretical effectiveness.

* Design and implement a novel Intelligent Tutoring System aimed at addressing
the identified limitations and enhancing interactivity, accessibility, and reliability
in programming education.

* Enhance our understanding of AI’s role in education, particularly in
programming education, laying the groundwork for future practical
implementations and research endeavors.

1.3 Research Questions
The following research questions will be explored to guide the study and address the
objectives mentioned above:

1. What is the impact of ITS on student outcomes, including academic
achievement, student engagement, and motivation?

2. What are the challenges and limitations associated with current ITS for
programming education?

3. How can a novel ITS be conceptualized, designed, and theoretically evaluated to
enhance student outcomes and address the limitations of existing models?

4. What will be the resultant features and benefits of a novel Intelligent Tutoring
System designed and implemented to enhance interactivity, accessibility, and
reliability in programming education?

1.4 Significance of the Study
This thesis is expected to offer valuable insights to educators, policymakers, and
researchers interested in the crossroads of Al, education, and programming. By

examining the impact and potential of ITS, the study can guide the development of
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effective teaching methodologies and tools. The findings may aid in designing and
implementing innovative ITS, thereby supporting the progression of programming
education and enhancing student learning outcomes.

1.5 Scope of the Study

This research will primarily focus on the exploration and analysis of existing ITS.
While a novel ITS will be conceptualized and designed, its testing and evaluation will
be beyond the scope of this study. The research will encompass a comprehensive
literature review, examination of existing models, and the theoretical evaluation of
the proposed tool to pave the way for future practical implementations and research
undertakings.

1.6 Methodology Overview

The study will employ a systematic methodology to fulfill its objectives. A literature
review will be conducted to acquire an overview of the current state of Al in education,
specifically its role in ITS for programming education. Data collection will involve
procuring information on these models and their effects on student outcomes. Various
analytical methods, such as qualitative and quantitative techniques, will be used to
interpret the data and extract insights. Ethical considerations regarding the use of Al
technologies in education will be addressed throughout the research process to ensure

responsible and equitable practices.



Chapter 2

LITERATURE REVIEW

The field of education has witnessed a rapid expansion of Al in recent years,
particularly within the last five years [3]. Al has taken on increasingly significant
roles in instruction, learning, and decision-making [4,5]. It has the ability to automate
learning resources, provide automatic assessments, and even predict student
performance [6-8]. The application of Al in education, including personalized
instruction strategies, has unlocked new possibilities and challenges for the

transformation of higher education [9].

Emerging Al applications are now shaping how we understand and approach primary
and secondary education [10]. The convergence of Artificial Intelligence in Education
(AIED), Educational Data Mining (EDM), and Learning Analytics (LA) is reshaping
the instructional landscape to be increasingly personalized, dynamic, and responsive
to learners’ needs [11]. These transformative technologies are not confined to
classroom instruction but have also penetrated online learning, a sector that has shown
a remarkable increase in Al adoption from 2010 to 2021 [12]. A substantial portion of
this rise can be attributed to the implementation of Al in a range of learning support
tools such as ITS [13]. These systems, by leveraging machine learning, offer a high
degree of personalization and adaptation to students’ individual learning patterns and

have thus revolutionized the teaching and learning experience.

A significant manifestation of this transformation is the ITS [13]. ITS leverage the
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power of machine learning to offer highly personalized and adaptive learning
experiences, revolutionizing traditional teaching and learning methods. Furthermore,
Al applications, including AIED, EDM, and LA, are increasingly molding the way

we understand and approach primary, secondary, and higher education [10].

Several studies have been carried out to capture insights into the significant
applications of ITS. A systematic review of Al and chatbot integration in education,
emphasized its potential for personalized learning [14]. Another study demonstrates
how AI technologies, particularly large language models(LLM) such as GPT-3,
coupled with gamification, can support the scaffolding of programming learning for
international students. This results in an increased sense of belonging and reduced
their apprehension towards programming lessons [15]. In another innovative research
an ITS that utilizes dynamic graphic visualizations, making abstract programming
concepts more tangible and understandable to learners was introduced [16]. The
’Dodona’ project, detailed in another work, connects learning and assessment through
real-time data and feedback, providing a practical example of an ITS acting as a
‘virtual co-teacher’ [17]. An overview of the current evidence-based tutoring chatbot
approaches and their use in teaching, also highlighted the necessity for continuous

improvements in chatbot interaction design and usability [18].

In light of these studies, it’s apparent that Al and ITS play a transformational role in
enhancing learning experiences, particularly in the field of programming education.
However, it’s also evident that there’s an ongoing need for improvement in chatbot
design and usability. As technology continues to evolve, it is vital that we stay ahead
with comprehensive reviews and analyses of the implications of Al to maximize its

benefits and address potential drawbacks. It is clear that the future of education will be



heavily influenced by our capacity to refine these systems, to harness them effectively
to enhance educational experiences and outcomes.

2.1 Review of Existing I'TS Models

The landscape of ITS is continuously evolving, and different types of sytems have
been designed to improve educational outcomes through innovative approaches. For
example, a rule-based chatbot was built to emulate the experience of in-person math
instruction by offering explanations, practice questions, and tailored feedback. The
chatbot demonstrated a significant enhancement over traditional learning methods,
such as Khan Academy’s video-based approach [19] and introduced a contextual
bandit algorithm to personalize the pace of the lesson effectively addresses varying
user needs and preferences. Similarly, An adaptive and personalized tutoring system
’Seis Tutor’ was built and compared with a traditional tutoring system. The work
showed that blending cognitive intelligence with personalization and adaptation
features in an ITS can significantly enhance the learning experience [20]. The
findings emphasize the need for more individualized, learner-centric approaches in

the realm of ITS.

Other work has also been done, including an innovative chatbot, designed with a
reactive nature, acting as an effective medium for user interaction across
platforms [7]. This work approached chatbot design by blending gamification and
adaptive learning practices, suggesting the potential of such systems in encouraging a
playful yet effective learning environment. Another sytem that was presented was
MetaTutor, a hypermedia-based ITS that helps foster and measure Self-regulated
learning (SRL) among learners [21]. The research here also underscored the crucial
role of pedagogical agents in scaffolding cognitive and metacognitive SRL strategies.

By leveraging multimodal data, the study offers insights into identifying the
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significance of cognitive, affective, metacognitive, and motivational (CAMM)
processes in SRL, revealing the limitations and potential of real-time instructional

interventions.

Despite the above advancements, the work is far from complete. One area where these
systems are being increasingly deployed, and which shows considerable promise, is in
the realm of programming education.

2.2 ITS in Programming Education

The integration of ITS in programming education, as demonstrated by the influx of
students in Computer Science (CS) and related courses, is an emerging area of interest
in contemporary research [22]. These systems, being capable of offering personalized
and adaptive learning environments, have shown to be advantageous for enhancing
the educational experience. To this end research has been done to develop ITS for

programming education.

In one of these studies, "Pyo" a chatbot created to assist beginners in programming.
The study emphasized the crucial role chatbots play by providing constant support to
a large amount of students. In addition to this, the chatbot encourages introverted
students to ask questions freely. Despite Pyo proving beneficial to learning outcomes,
the authors acknowledge room for improvement, particularly in providing more direct
functionality explanations [22]. In another novel approach, an ITS is proposed for the
exclusive use in online programming courses, integrating advanced algorithms like
the optimized ant colony algorithm for educational support. This proposed system
demonstrates that ITS can provide students with real-time, insightful feedback,
thereby enhancing their understanding of complex programming principles [23].

Similarly, an asynchronous web-based ITS for C programming language was



designed to maintain student motivation during the learning process. The system used
interactive motivational tactics and rules to assess and uphold student motivation and
was found to be satisfactory in design, usability, functionality, and compatibility
through an evaluation study. This highlights the essential role of motivation in
asynchronous learning systems, suggesting that the interactive nature of an ITS can
serve as a solution for maintaining student motivation throughout the learning
process [24]. Further innovation in ITS was achieved by using graphic representations
to aid programming learning. By leveraging 3D graphics in an augmented reality
environment, the authors attempted to make abstract programming concepts become

more tangible, promoting a more profound understanding [16].

In a somewhat different approach made possible by recent breakthroughs in LLMs,
Cao uses LLMs in tandem with gamification to assist Chinese students in introductory
programming courses. His work suggests that a gamified ITS, amplified by Al models
like GPT-3, can considerably alleviate student anxiety and promote a sense of
belonging, thus improving learning outcomes in programming [15]. A similar
approach showcases the prowess of an Al assistant, ChatGPT, in problem-solving
across a diverse range of undergraduate CS topics. However, it also raises concerns
about its potential misuse by students [25].

2.3 Impact of ITS on Student Outcomes

The impact of ITS on student outcomes and engagement is an area of considerable
interest and exploration in the current body of literature. Several studies have
investigated this, adopting a range of methodologies and examining varied

instructional contexts.

One such study analyzed the effect of an Al-enabled chatbot in a 5Sth-grade science



course, and found no direct significant enhancement in students’ academic
achievements, but the application of the chatbot proved to influence positively the
experimental group’s online learning experience [26]. Another study took a different
angle, investigating students’ continuance intention to use ITS for English learning
through an extended technology acceptance model (TAM) [27]. They discovered
several factors that significantly contribute to the continued intention of using ITS.
This included perceived usefulness, price value, learning goal orientation, and
facilitating conditions. Interestingly, emotional factors such as enjoyment positively
predicted the use of ITS, whereas anxiety negatively predicted its use. These findings
underscore the importance of students’ perceptions of ITS and the role of affective

factors in the successful adoption of these systems.

In the context of chatbots, a study to investigate the efficacy of a dialogue-based ITS
concluded that student performance under the instruction of the ITS was comparable
to conventional instruction and was significantly superior to self-learning through
material reading [28]. Additionally, the ITS increased learner motivation, hinting at
the potential of ITS to engage students effectively and enhance their learning
experiences. Similarly, a pioneering study within the Ghanaian higher education
context explored the impact of a chatbot or virtual teaching assistant on student
learning [29]. Impressively, the research demonstrated that students interacting with
the chatbot outperformed those who received traditional instruction from a course
instructor. Another research also provided an overview of how students and tutors
perceive ITS in an online learning context. While the study revealed that ITS could
potentially enhance the online learning experience, it also surfaced several concerns
that need addressing, underlining the importance of considering potential challenges

and barriers when integrating ITS into the learning environment.



Students, the ultimate beneficiaries of Al-driven education, have shown a similar
trend of acceptance. The adoption of generative Al (GenAl) technologies in higher
education has been generally positive, as students perceive these technologies as
valuable tools for enhancing their learning experiences [30].

2.4 Limitations and Challenges of Current Systems

As Al and ITS continue to expand into the educational sector, a variety of ethical
considerations, challenges, and limitations surface which demand careful examination

and navigation [31].

A pressing limitation of current I'TS is the lack of comprehensive voice support. Voice
chat is a feature that has been shown to significantly improve accessibility, as well as
user experience and satisfaction. Despite the evident advantages, many current ITS
fall short in integrating voice-support functionalities. The absence of this feature
restricts the potential of ITS to deliver a fully immersive and inclusive learning
experience. Voice chat offers a more immediate and intuitive way for users to acquire
and process information. For example, a study highlighted the dynamic appeal of
speech-based dialogues, which is even more suitable for situations that require
multitasking or for other potential users who may find text-based interactions more
tedious [32]. Additionally, information presented with the aid voice format is often
perceived as more credible and trustworthy than when its just words on a screen.
Systems possessing voice capabilities can break down barriers, especially for
individuals who may be less familiar or engaged with a topic, thereby offering a more

inclusive and accessible learning experience [33].

The growing ubiquity of conversational agents (CAs) in various domains underscores

the potential benefits of voice-based interaction. Defined as systems that allow users
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to communicate using natural language, CAs have become increasingly sophisticated
thanks to advancements in artificial intelligence and natural language processing [34].
Furthermore, CAs have progressed significantly from their rudimentary versions and
now possess sophisticated generative models, powered by technical advancements
such as large language models and statistical computing. These agents have seen
diverse applications, from personal spheres to areas like healthcare, business and most

relevantly education reflecting their versatility and user-centric advantages [35].

However, while voice systems have evolved, their true potential in supporting
complex dialogues and maintaining conversational context has often been
underutilized. Found that most voice-based search systems are not tailored for
extended natural interactions [36]. This limitation forces users to restrict their
voice-based inquiries to simple navigational tasks. By integrating improved
conversational mechanisms in ITS, it’s plausible to enhance user satisfaction and
streamline the learning process. As voice support systems become increasingly
sophisticated, their interactions can mimic natural human conversations, making them
more engaging and user-friendly. Additionally, these enhancements provide offerings
that users have been shown to find important. These include increased efficiency,

convenience, ease of use, and the reduced cognitive effort they require [37].

Introducing voice support in ITS is not without challenges. Voice and other Al
enabled applications necessitate the collection of extensive data, often involving
sensitive student information. While this collection can significantly enhance
personalized learning experiences, it concurrently raises questions of data security
and privacy, the potential for data misuse, and an imperative need for robust data

protection measures, especially for younger learners [38,39]. Alongside privacy, the
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capacity for personalization presents a double-edged sword. On one hand, it can
foster targeted and efficient learning experiences, but on the other, it may encroach
upon student autonomy. The key challenge here is to strike a balance between
technology-assisted learning and human intervention. This balance is crucial to
ensure that the development of self-directed learners is encouraged and not inhibited
by an over-reliance on technology [31,40]. Equity and accessibility also emerge as
pivotal concerns in the context of ITS in education. ITS holds significant potential to
enhance educational equity, but it also risks intensifying the digital divide. There is a
possibility that the benefits offered might be disproportionately distributed, thereby
inadvertently amplifying existing educational inequities. This is especially evident
when affluent students have greater access to advanced tools compared to their less

privileged counterparts [41,42].

In-depth research has also been conducted into the specific limitations of ITS. An
assessment of 36 papers revealed an understanding of the recent interaction design
techniques between chatbots and learners in the educational realm and identified key
challenges, particularly inadequate dataset training and a noticeable lack of usability
heuristics in current systems [18]. The study advocated the need to delve deeper into
the improvements that personalization and localization of chatbots provide to increase
learning effectiveness and student satisfaction. In another paper, the effectiveness of
technology-based curricula and adaptive learning systems as supplements to
conventional teaching methods in the realm of mathematical skill development was
scrutinized [43]. The findings revealed a mixed level of adherence to the core
components of such systems and a generally limited ability of the software to
facilitate personalized instruction, underscoring a disconnection between the software

and existing curricula, as they rarely inform each other, leading the authors to argue
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for improved implementation models and better strategies for enabling

technology-facilitated personalization.

Similar limitations can be observed in the ITS recently developed for use in
programming education. Issues with dataset availability and reproducibility, a gap in
understanding the relationship between Al techniques and ITS data, demonstrate an
overall need for more comprehensive research on ITS for programming [44]. For
instance Pyo, a chatbot assistant for introductory programming students was observed
to facilitate student learning, but was evaluated to have a need for more
straightforward explanations of its functionalities [22]. Educational chatbots using
existing LLMs ability to handle multiple interconnected learning objectives and adapt
to diverse user characteristics suggests great potential, but this approach isn’t without
limitations [45]. The most notable among being the constraints of sustaining a long
conversational history and the rigid structure of responses that may occasionally
prompt unexpected role transitions for the chatbot. A ITS based on fuzzy logic to
provide programming tutoring was also proposed. The study revealed that while the
fuzzy-based ITS can increase satisfaction of the learners and help them learn, it needs
to improve the system’s recommendation accuracy, the efficiency of its interactions,
and improve engagement in the learning process [46]. Dodona, an ITS designed to aid
learning of computer programming, similarly offers real-time data and feedback to
enhance students’ learning. However, it has faced certain practical challenges in
fostering active learning and supporting challenge-based education, thus indicating
the need for further improvements [17]. Another Programming-Tutor with core focus
on user interaction was developed. Although the proposed ITS is expected to provide
high-quality immediate feedback to students and potentially increase their learning

efficiency, the systems reliance on a moodle and Case Based Retreival (CBR) limits
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the breadth of topics and feedback the student can explore [47].

Work done on analyzed data and modeling of beginner level C programming error
logs exposed a limitation in current ITS models, as it suggested that many ITS models
overlook other important aspects of programming [48]. Similar to this is Trace Table
Tutor (T3), was built specifically to support effective learning of code tracing [49], and
INTTuToR was built to correct API misuse by providing instant feedback [50]. These
systems were designed to focus on a specific aspect, and while these aspects have been
overlooked, these systems lack capabilities to handle problems outside of that specific

arca.

These studies show that the successful utilization of ITS in education requires
considering the ethical dilemmas as well as technical limitations of current ITS.
While these tools provide incredible opportunities for personalized learning and
enhanced accessibility, they simultaneously introduce possible issues related to
privacy, autonomy, equitable access, and issues of dataset availability and
reproducibility [30]. Equally significant are the challenges of ensuring a balance
between technology-assisted and human-led learning, the potential to exacerbate
existing educational inequities, and ensuring that software informs and aligns with
existing curricula. The readiness and flexibility of educators to effectively implement
these sophisticated technologies also pose significant challenges [40, 42].
Additionally, there is need for the use of better models, better accessibilty, and

improved usability heuristics in the developed systems.
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Chapter 3

THE PROPOSED ITS DESIGN

The proposed ITS is conceptualized as a web-based platform that aims to
revolutionize programming education by leveraging cutting-edge Al and integrating
user-friendly and responsive interfaces along with voice tutoring capabilities. This
new model builds on the strengths of existing ITS while filling in the gaps identified
during the comprehensive review of the current models previously mentioned.
Previously designed ITS models for programming education, while useful, have room
for improvement in providing a cohesive user experience, reducing their effectiveness
as educational tools. Also voice chat capabilities are lacking in current programming
ITS. In recognizing this, the proposed ITS was conceptualized with the explicit aim of
ensuring seamless interactions between the user and the system. The proposed ITS
brings about three main advancements that enhance and extend beyond what current
ITS models offer:

1. Conversation: One on one tutoring has been shown to be one of the most
powerful educational tools [51]. However, traditional ITS often lack an
interactive component that enables a two-way, conversational learning
experience. Our proposed system addresses this by harnessing the power of
LLM’s and implementing advanced prompt engineering techniques to instruct
the model. Prompt engineering has been shown to greatly improve the usability
and reliability of output from LLMs [52]. In this design, system prompts are

dynamically fed to the system based on the parameters the user initialized the
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chat session with, this helps the ITS to engage the user in a real-time,
context-aware dialogue, simulating a personal tutor’s role. Furthermore,
instructional prompts have been implemented to enable the system to deliver
complex programming concepts in a structured and easily digestible manner,
providing users with deeper understanding of programming concepts. This
approach allows the ITS to provide real-time, interactive guidance to the user,
fostering an immersive learning environment that significantly enhances the
user experience [53]. The conversational strategy not only enables immediate
feedback but also helps expand the user’s understanding of programming
concepts, making the learning experience much more cohesive.

. Advanced Code Review: Previous systems such as Prutor [54] and
ITSCL [55] use CBR or other Retrieval based solutions to evaluate or compare
users’ code using pre-set answers. However, this approach can be restrictive
and may not provide learners with a comprehensive understanding of their
code’s functionality or the nuances of programming. The proposed system
introduces an innovative approach by first attempting to compile and execute
the user’s code in the application, and then analyzing the output, any warning or
error logs and the code written by the user by taking advantage of the code
understanding of recent LLM’s. This method allows the ITS to provide a
detailed walk-through of the code, offering valuable insights, explanations, and
even suggestions for improvement. Additionally, this in-depth code review
process not only aids learning but also enhances the system’s utility as a tool for
code debugging and optimization.

. Voice Interaction: Research conducted on the difference between voice and
text chatbots has found that voice shows lower cognitive effort, increased
perceived efficiency, as well as increased enjoyment as well as reported
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satisfaction than text-based interaction [56]. However, text-based interactions
dominate most of the current ITS leaving a lot of room for improvement. A
notable feature that sets this proposed ITS apart from existing models is the
introduction of voice chat. This addition not only makes the system more
accessible, but it allows it to accommodate different learning styles and
preferences [57]. It also provides users the option to vocalize their thoughts and
hear verbal explanations, which can be crucial in solidifying understanding and
promoting active learning [58]. Moreover, voice interaction can significantly
benefit users with visual impairments or those who prefer audio learning over

text.

The ITS operates on a session-based model where users can sign in and create a new
learning session based on their preferences. A session could be a chat or voice chat
session, with difficulty levels ranging from easy to hard, and catering to three different
programming languages: JavaScript, C++, and Python. This design allows the system
to accommodate a wide array of learners, from beginners to more advanced coders, and
provide them with a tailored learning experience. At the start of a session, the system’s
LLM-powered chatbot provides the user with a programming problem according to
the selected options. The system features a unique, split-screen interface with a chat
section on one side and a code sandbox on the other, creating a cohesive learning
environment where users can simultaneously engage in a conversation with the chatbot

and write/execute code.

For those who learn better through verbal explanations, the system offers a voice chat
option powered by WhisperAl and Eleven Labs, where learners can talk through their

ideas and responses. This component not only enhances the system’s accessibility but
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also encourages learners to vocalize their thought processes, a method often used to
solidify understanding. In conceptualizing the proposed ITS, the overarching goal
was to create a tool that could significantly contribute to the advancement of Al in
programming education, enhancing learner engagement, academic performance, and
fostering a deeper understanding of programming concepts through a highly
interactive and personalized tutoring platform. Leveraging the integration of
conversation, advanced code review, and voice interaction into one cohesive systems
allow us to provide an optimized learning experience.

3.1 Architecture of the Proposed I'TS

The ITS proposed in this study is designed with a three-tier architecture leveraging the
power of popular web technologies: a frontend developed using React.js, a backend

built with Node.js, and a PostgreSQL database managed through Supabase.

React.js, a JavaScript library maintained by Facebook, forms the foundation of the
frontend, providing the interface that the users interact with. React.js was chosen for its
ability to create dynamic and high-performing User Interfaces (Uls), allowing for the
development of high usability interfaces. It also enables the development of reusable
UI components, resulting in a more efficient, readable, and maintainable codebase.
Furthermore, React’s virtual DOM feature ensures superior performance by updating
and rendering components only when it’s necessary. These strengths make it a suitable

choice for an application expected to manage numerous simultaneous interactions.

The backend, serving as the bridge between the frontend and the database, is
constructed using Node.js. Node.js is a JavaScript runtime that runs on the
server-side, known for its scalability and efficiency. The system uses Node.js for

handling requests from the frontend, executing all the logic, handling the different
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APIs, interfacing with the database, and returning responses to the client. Node.js
operates on a non-blocking, event-driven I/O model, making it particularly effective

for real-time applications that require high throughput like this system.

The data layer is implemented using PostgreSQL, an open-source object-relational
database system. PostgreSQL offers robustness, performance, and SQL compliance,
thereby providing a reliable and efficient storage solution. It supports both structured
and unstructured data, allowing the application to store and query diverse types of data
from user accounts to chat logs. Supabase is used to manage PostgreSQL. Supabase
streamlines the process of working with PostgreSQL, offering a straightforward API,
Row Level Security for the database tables and easy-to-use client libraries. The choice
to use Supabase helps ensure security and simplifies the creation and management of

user profiles.

In terms of data flow, when a user interacts with the system via the frontend, the
application sends a request to the backend. The backend processes this request,
interacts with the database if necessary, and sends a response back to the frontend.
This three-tier architecture creates a separation of concerns, enhancing the
maintainability and scalability of the system, and forms the robust foundation of the
proposed system.

3.2 Intelligent Tutoring Models

The effectiveness of any Intelligent Tutoring System (ITS) hinges on its underlying
models, which guide its ability to offer a personalized, adaptive, and immersive
learning experience. The proposed ITS integrates four key models namely the
Domain Model, Student Model, Pedagogical Model, and User Interface Model, and

this is how these models help form a cohesive foundation for programming education:
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1. Domain Model
The Domain Model in the proposed ITS covers the essentials of programming
languages like JavaScript, C++, and Python. It comprises a hierarchical
structure of programming concepts, algorithms, and problem-solving
techniques. The model also integrates real-world coding challenges and
exercises to help students understand the applicability of various concepts.

2. Student Model
Rather than capturing real-time data, the Student Model of the proposed system
uses the underlying LLM to adapt dynamically during student interactions. It
assesses the learner’s needs based on their conversation and code submissions,
adjusting its instructional strategies in real-time. This approach allows for a
personalized, flexible learning experience without requiring complex analytics
or data storage.

3. Pedagogical Model
For the Pedagogical model, the system determines the most suitable teaching
strategies and learning activities based on the student’s needs, as assessed by the
Student Model. For example, if a student is struggling with loops in Python,
the system might introduce easier exercises, multiple examples, or scaffolded
solutions to help them grasp the concept better.

4. User Interface Model
The ITS also features a dual-pane interface with a conversational agent on one
side and a code sandbox on the other. This User Interface Model is designed
not just for ease of use but also to enhance the learning experience, allowing for
seamless integration of text and voice interactions, code writing, and immediate
feedback, thus making it easier for learners to absorb complex programming
concepts.
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3.3 ITS Flow and User experience

The effectiveness of any system, particularly an educational tool, is largely determined
by the user experience it offers. A well-crafted user flow can significantly enhance
engagement, retention, and overall learning. With this understanding, the proposed
ITS has been designed to offer an intuitive, efficient, and user-friendly experience.
The proposed ITS offers two straightforward authentication methods:

1. Magic Link: This is an email-based authentication process enabled by
Supabase. A user provides their email address and receives a "magic link’ in
their inbox. By simply clicking this link, users are authenticated and logged
into the system. This method eliminates the need for password memorization,
providing both convenience and a layer of security.

2. One-click Google Sign-in: For those familiar with Google’s ecosystem, this
option allows for an almost instantaneous access. Users can use their Google
credentials to sign in with just one click, bypassing the traditional username-

password method.

Al TUTOR

Welcome Back

Enter your email to receive the magic link

Send Magic Link

G Sign in with Google

Figure 3.1: Chat interface of the proposed ITS
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Once inside, users are met with a "New Session’ screen. Here, users can set up three
personalization settings for their tutor session:

1. Mode of Interaction: Users can choose between a chat-based session or a voice
chat session. The chat option offers a more textual, focused approach, while
voice chat is also available.

2. Difficulty Level: There are three difficulty levels available: easy, medium, and
hard. This ensures that both beginners and advanced students find challenges
suitable for their level.

3. Programming Language: Users can select among three of the most popular

and widely-used languages: JavaScript, C++, and Python.

Al TUTOR

Welcome Wilkie
Ejiroghene

What type of Session would you like to start?

Easy

Javascript

Start Session

Figure 3.2: New session interface of the proposed ITS

Once the parameters are set, the user is greeted by the Al-powered tutor in an
interactive chat session. This chat environment is divided into two main sections: the
chat interface on the left and the code sandbox on the right. The Al tutor commences
the session by providing a programming challenge that aligns with the user’s

previously selected difficulty and language preferences. This problem serves as the
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central learning element of the session.

Al TUTOR

@ Hey Wilkie Ejiroghene, I'm an Al tutor and I'l be teaching you Javascript today. 1 consolelog(“hello
to your right you can see a code compiler which you may use to write your code
and dlick compile and execute once youre done so that | can see the code. Let
me know when you're ready!

Compile and Execute

Figure 3.3: Welcome screen interface of the proposed ITS

Users then dive into problem-solving within the code sandbox. This integrated editor
offers the capability to write, execute, and test code in real-time, creating a fluid

conversation between the learner and the Al tutor.

As users work through the problem, the Al tutor stands ready to assist. If a user’s
solution contains errors or inefficiencies, the tutor provides targeted feedback,
suggestions, and in-depth explanations, guiding the learner towards the correct
solution. This interactive feedback mechanism ensures learners are not just handed
solutions but are encouraged to understand their mistakes and improve their skills.
3.4 Al Features and Capabilities

The proposed ITS heavily relies on Al capabilities to deliver an interactive,
personalized, and highly productive learning experience. The key component of the
system is its chatbot, which is powered by an LLM. After carefully exploring
different options such as Anthropics’ Claude, Google’s Bard, and Meta’s Llama,

along with other open source models built on Llama, OpenAl’s GPT-3.5-turbo was
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Al TUTO|

This code was submitted through the compiler by the student: function
multiplyArray = (array) =
return

}and here is the output from the compiler after executing their code: Dée

Good start, but it seems like you haven't implemented the actual logic to
multiply the numbers together. Remember, you need to iterate through the
array and update the product by multiplying each element with the current
product value.

Let me give you a hint to help you complete your code:

Inside your function. declare a variable called "product” and initialize it to 1. This

variable will store the accumulated product.

Then, use a loop to iterate through each element of the array. Multiply the

current element with the “product’ variable and update the "product’ variable

with the result.
Compile and Execute

ally, return the “product” variable.

Try updating your code with this approach and let me know when you're ready

1o test it.

Figure 3.4: Wrong solution attempt

Al TUTOR

result *= array[il;

}} and here is the output from the compiler after executing their code: O

(@) Great progress! However, you're missing the return statement at the end of your
function. Without the return statement, the function will not output the result
correctly.

Update your code to include the return statement, like this:
“javascript

function multiplyArray(array) {
let result = 1
for (leti

result *= array[il;

}

return result:
" Compile and Execute

Now, try running your code again and test it with some sample inputs. Let me

know if you encounter any issues. Q

Figure 3.5: Wrong solution attempt 2
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Al TUTOR

yhrray (armay) {
Now, try running your code again and test it with some sample inputs. Let me
know if you encounter any issues

2 This code was submitted through the compiler by the student: function
multiplyArray (array) {
let result = 1;

for (leti = 0;i < arrayJlength; i++) {

result *= arrayfil
return result}

console.log(multiplyArray([1,2.3,4])) and here is the output from the compiler
after executing their code: 24

That looks much better! Your code is now correctly calculating the product of
) ¥ Compile and Execute
the numbers in the given array.

Well done on completing the first practical question! If you have any doubts or
questions about the solution, feel free to ask me, Otherwise Goodjob! we can
move on whenever you're ready

Figure 3.6: Tutor explanation

settled on as its LLM. Several factors contributed to this decision. First, GPT-3.5 was
found to be more accessible and predictable at handling coding tasks compared to the
other evaluated models [59]. It also demonstrated a robust understanding of
programming languages and a consistent ability to generate relevant and accurate
responses. Since the LLM acts as the backbone of the tutoring system, guiding the
conversation in the chat sessions, GPT-3.5’s superior language understanding and
generation capabilities enable it to simulate natural and engaging conversations. This
helps facilitate an interactive learning environment by providing real-time feedback to
users’ queries or coding attempts, culminating in a responsive and dynamic learning
experience. Moreover, the LLM can generate in-depth explanations of complex
programming concepts, promoting better understanding and skill acquisition.
Additionally, GPT-3.5 facilitates the system’s adaptability, adjusting its interaction
based on the user’s progress in the conversation. This personalization of the learning
process, enabled by Al, significantly enhances learning efficacy. While GPT-4 was
considered for its advanced logical capabilities and reasoning skills, which could

potentially improve the coding ability of the chatbot, it was ultimately not chosen due
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to GPT-3.5’s speed, affordability, and proven consistency for this use case.

A key improvement of this ITS over previous systems is its integration of Al into its
voice chat sessions. This is implemented using WhisperAl and Eleven Labs’
technologies. WhisperAl, an advanced speech-to-text engine, is used to interpret the
user’s verbal input. The input is then processed by the same GPT-3.5 engine
previously discussed to generate a text response. This response is then converted into
speech using Eleven Labs’ text-to-speech technology, facilitating an alternative mode

of learning and encouraging learners to articulate their thoughts verbally.

The system’s design also accommodates the possibility of swapping out the current
LLM for newer and more advanced models as they become available. This design
choice future-proofs the tutoring system, allowing it to evolve and adapt with the fast-
paced progression of Al technology, and making it possible to leverage improvements
in language models for enhanced tutoring capabilities. By maintaining this level of
flexibility and adaptability, the system ensures its ability to stay at the forefront of
Al-assisted programming education.

3.5 Improvements over previous systems

The major new feature that this proposed ITS provides is the implementation of voice
tutoring. Current programming ITS lack this feature, and having this alternative mode
of learning provides opportunity for increased effectiveness of the system as voice
tutoring has been shown to provide better results than text [S6]. The system further
enhances the interactive learning experience through user-centered design and a
streamlined learning experience that seamlessly integrates Al technology. It does this
in three main ways: promoting engaging interaction, providing code evaluation, and

prioritizing accessibility.
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The interactivity of the system primarily arises from its chat and voice chat
functionalities. The chat interface, powered by the Al language model, not only
provides users with a problem to solve based on their chosen options but also enables
real-time feedback. Users can interact with the Al tutor, asking questions or seeking
clarification, and receive instantaneous, in-depth explanations. This one-on-one
engagement encourages active learning, as users have to articulate their thoughts, ask
questions, and solve problems actively. The voice chat feature also provides an
alternative mode of learning and allows users to articulate their thoughts verbally.
This is particularly beneficial for auditory learners and encourages the practice of
articulating ideas aloud, a key skill in collaborative coding environments. The
combination of chat and voice chat interaction offers a multimodal learning

environment, catering to different learning styles.

The system further enhances the learning experience by incorporating a robust code
evaluation mechanism. The right section of the chat session window features a ’code
sandbox’ - an integrated development environment that allows users to write and
execute their code directly within the session. This live coding environment is crucial
for hands-on learning and immediate application of theoretical knowledge. Moreover,
the system leverages JudgeO API for code compilation and execution, which supports
multiple programming languages and provides standardized, reliable outputs. The
code, its output, any error logs, and console logs are automatically fed into the chat.
This instant feedback loop enables users to quickly identify and correct their errors,

leading to efficient learning and problem-solving skills.

ITS also makes accessibility a priority. To begin with, the user-friendly interface, easy

navigation, and the high degree of customization for preferred learning options - chat
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or voice chat, difficulty level, and programming language - make the system
welcoming for users at all proficiency levels while providing inclusivity and
adaptability. Moreover, users can create an account using their email or by signing in
with Google, further simplifying the login process. The choice of web-based
application broadens accessibility as it can be used on any device with internet access,
without the need for complex installation processes. Furthermore, the system takes
care to ensure accessibility for individuals with disabilities. For instance, browser text
to speech in collaboration with the voice chat feature can aid learners with visual

impairments.

These features put together offer a transformative interactive learning experience. The
user-centered design and integration of Al technology in the ITS coupled with its
unique chat, voice chat, code sandbox and instant feedback promote engaging and
personalized learning, effectively catering to different learning styles and facilitating
active knowledge application. Additionally, the platform prioritizes accessibility,
evident in its user-friendly interface, customization options, simplified login process,
and device-agnostic nature. It also demonstrates a commitment to inclusivity,
providing support for learners with disabilities. This system, therefore, represents a
significant leap forward in creating an effective, inclusive, and accessible environment

for learning programming.
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Chapter 4

ITS COMPARISON RESULTS

4.1 Methodology for Comparisons

The primary objective of this research is not just to propose an innovative ITS, but to
contextualize its benefits by comparing it with existing models. Given the variety of
ITS models available in the domain of programming education, a purposive sampling
method was adopted. Models were selected based on their popularity, their reported
efficacy in academic literature, and their relevance to the specific objectives our
proposed system seeks to address. To achieve a comprehensive comparative analysis,
the academic literature was consulted including peer-reviewed articles, conference
papers, and case studies that discussed the features, advantages, and challenges of the

selected ITS models.

The comparison is structured around three primary parameters: Interactivity,
Accessibility, and Reliability. Each of these parameters was broken down into
specific, measurable indicators. While every effort was made to ensure an objective
and thorough comparison, there are inherent limitations. These include potential
biases in assessments, the constant evolution of technology rendering some
comparisons time-sensitive, and the challenges in quantifying certain qualitative
aspects of user experience.

4.2 Comparison Parameters

These three comparison parameters will not only allow for a structured comparison but

also capture the essential aspects of an ITS for effective programming education:
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1. Interactivity: Interactivity is pivotal for learning programming. Real-time
feedback, dynamic problem-solving sessions, and the ability to query and
clarify doubts instantly can greatly enhance the learner’s understanding and
retention. However, it goes beyond mere user-system interaction, it defines the
depth and breadth of the interaction, shaping the learning experience. This
definition helps to measure the extent to which the system can engage with
users in a dynamic manner, adapting to their inputs and needs in real-time.
Features like how long it takes for a user to set up a session, real-time feedback
provision, response latency and conversational flow quality will be the
indicators of interactivity.

2. Accessibility: Accessibility here means the system’s availability across
platforms, devices, and its inclusivity features catering to learners with diverse
needs, including disabilities. An accessible system ensures no learner is left
behind due to technological or physical constraints, and this is an important
factor when evaluating a tool intended for education. To measure this, Number
of platforms and devices supported, and features catering to learners with
disabilities will be evaluated.

3. Reliability: This will measure the degree to which learners can depend on the
system for consistent, quality guidance. The systems will be evaluated based
on how consistently they perform as well as the accuracy of feedback. Here,
estimates will be made based on assessment of their backend architecture to
determine their uptimes, the frequency of technical glitches/error rates, and the
precision and relevance of the feedback provided. This is an important metric
because inconsistent performance or inaccurate feedback can erode trust and

hinder the learning process.
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4.3 Comparative Analysis with Existing I'TS Models

With the parameters established, the next step is to compare the proposed ITS with

existing models. Here are the previous ITS selected from the literature and their

features:

1. Dodona: A popular programming ITS developed at Ghent University in

Belgium [17]. The platform is fully open sourced is built to give automatic

corrections and meaningful feedback to students.

(a)

(b)

(©)

Interactivity: The student onboarding process is lengthy, students have to
register to the system and then find the desired course. And while there is
a large selection of courses, this presentation can be overwhelming. This
contrasts with the ease with which students can start learning on our
system, where they are only a few clicks away from starting a new session.
Additionally, students can only solve preset questions and view their
solutions, and there is no chat feature for the student to explore further.
Accessibility: Dodona is a web app and is available on all platforms. Their
documentation also explains how to use browser text to speech features in
other to aid disabled students. There are also issues users have complained
about on github with some students not being able to find or access courses
due to teachers not setting them up correctly due to its complexity.
Reliability: The system is fairly reliable and is on par with the proposed

system.

2. Korbit: Korbit is an ITS built in a collaboration between researchers in Canada

and the United Kingdom [60]. The system utilizes the GitHub pull request

system to analyze students code.

(a)

Interactivity: Users can make a pull request and then receive feedback
from an Al powered tutor. The tutor reviews the changes in the pull request
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and the users can also ask questions and chat with the tutor.

(b) Accessibility: The tutor is accessible to users with a GitHub account,
however this poses an accessibility issue because not everyone knows how
to use git and GitHub. There is also no implementation for less abled
students.

(c) Reliability: The system is reliable and performed consistently throughout
testing.

3. Prutor: A popular ITS developed at IIT Kanpur [54]. Prutor has been used for
teaching in multiple institutes in India and is a web based ITS to help students
learn programming.

(a) Interactivity: The system allows students to write their code right in the
teaching environment and intermittently takes snapshots of the student’s
attempt to solve the questions. This data can then be visualized and used
by the teachers. This system also lacks an interactive chat feature.

(b) Accessibility: Prutor is also a web app available on all web-enabled
devices with an account. However, there are no specific accessibility
features implemented in the platform.

(c) Reliability: This system also demonstrates similar reliability to the
proposed ITS.

4.4 Discussion of Findings

The proposed ITS was compared with three existing ITS models, namely Dodona,
Korbit, and Prutor. The comparison was based on the three parameters previously
discussed, Interactivity, Accessibility, and Reliability:

1. Interactivity: Teaching programming concepts efficiently is highly dependent
on problem-solving and immediate feedback. The analysis carried out in this

research indicated a noticeable variability in how interactive the selected systems
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were. While platforms like Dodona offer a plethora of courses, they lack the
dynamism and immediate feedback loop our system emphasizes. Moreover, our
system’s reduced setup time and streamlined conversational flow prioritize the
learner’s experience, ensuring that they can dive right in and remain engaged
and also invested throughout the learning process. Systems like Prutor, which
do capture intermittent snapshots of the student’s coding process, still fall short
of providing an interactive environment tailored to the individual learner’s pace
and style.

. Accessibility: Today’s learners use a variety of devices and platforms, and their
individual needs vary widely. This means that accessibility in educational
platforms is of the utmost importance. The proposed ITS voice tutoring feature
not only breaks barriers of textual communication but also bridges the gap for
learners with disabilities. Platforms like Dodona and Prutor, while also
web-based, do not seem to extend their accessibility features beyond the
conventional, leaving a significant segment of the learner population potentially
underserved. The challenges with Korbit’s dependency on GitHub showcase
that while integrating with popular platforms can be beneficial, it can also
inadvertently exclude learners unfamiliar with those platforms.

. Reliability: Consistency is a cornerstone of trust in any learning environment,
as any disruptions or interruptions in the learning process can be difficult to
recover from. The analysis revealed that most systems, including Dodona,
Korbit, and Prutor, are fairly reliable. With acceptable feedback precision,
uptime, and overall robustness of their backend architectures contributing
significantly to the reliability of their system. The proposed ITS, is on par with
these systems in these aspects, aims to ensure that the feedback is not only
consistent but also contextually relevant, fostering trust and more effective
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learning.

The results show that the proposed ITS stands out in its dynamic interactivity, reducing
setup time, and enhancing the conversational flow to cater to individual learner needs.
Accessibility especially is one of the significant strengths of the ITS. The voice tutoring
feature is unmatched in previous programming ITS ensuring inclusivity across devices
and platforms, and especially for learners with disabilities. It also exhibits at least
equivalent reliabilty with other systems, which coupled with its other advancements,

position it as an advancement in terms of effectiveness.

All of these points further demonstrate the need for specialized ITS for programming
education where the requirements differ vastly from other domains. While existing
ITS have their strengths, there’s an obvious gap that our proposed system addresses
with its improved interactivity and accessibility, paving the way for a more immersive

and effective programming learning experience.
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Chapter 5

DISCUSSION AND CONCLUSION

This research centered on exploring AI’s recent developments and how the
advancements can be applied in the sphere of programming education. Programming
is a skill of logic and application and requires nuanced guidance, and this Al powered
ITS provides an environment for learners to experiment, fail, and learn at their own
pace. First, the foundational importance of ITS in the educational spectrum along
with their unique role in programming education were discussed, followed by a
comprehensive review of existing ITS models. This revealed diverse approaches to
programming education. Many systems were advanced in certain categories, however
they lacked usable voice tutoring capabilities, and still exhibited gaps in terms of

real-time interactivity, device and platform accessibility, and consistent reliability.

After gaining a foundational understanding of the gaps in current systems, this research
then proceeded to conceptualize a unique ITS system. The hallmark features being
voice tutoring, in-session code editing and compilation, and enhanced interactivity,
accessibility and reliability features. The design propositions focused on providing a
cohesive user experience while making sure that the tool was inclusive and dependable.
The proposed system was then compared with existing programming ITS, as well as
some non-programming chatbot tutors. The comparative assessment suggested the
following:

* Interactivity in the proposed system makes the user’s learning experience more

engaging than previous systems by cutting down on setup times and ensuring
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dynamic, real-time feedback.

* The design choices taken to ensure accessibility provide an improvement over
existing systems and helps ensure that no one is left behind.

* Improved reliability provided by the system help it provide a consistent, glitch-
free experience, further establishing its potential as a widely adopted education

tool.

While the research provides significant insights and propositions, it has limitations
that must be acknowledged. The proposed ITS system, while theoretically robust, has
not been empirically tested against real-world educational environments.
Additionally, the evolving nature of technology means that the landscape of ITS and
Al-powered education tools is continuously shifting, which might present newer
challenges and opportunities. With that being said, these results highlighted our
efforts to bridge the identified gaps in existing ITS for programming. Adding voice
tutoring in programming education offers a paradigm shift in how learners can
interact, explore, and clarify their questions offering a multi-modal learning
experience. This integration can significantly shape pedagogical strategies by
providing a learning companion alongside other traditional methods. Overall, this
research has shown the profound role of Al in personalizing education, setting a
benchmark for future ed-tech tools. Further research can also be done on empirical
testing of the proposed ITS to measure its efficacy in real-world educational settings

as well as exploring solutions to further improve the response time of the Al tutor.
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