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ABSTRACT

This research investigates the integration of Al-powered chatbots as transformative tools to enhance the
teaching and learning of programming, specifically targeting Java programming in an open and distance
learning (ODL) environment. The chatbot was conceptualized and developed using principles from
constructivist, problem-based, and active learning theories to support a learner-centric approach. Designed to
offer multimodal content, real-time feedback, and interactive problem-solving exercises, the chatbot aims to
reduce cognitive load and facilitate a deeper understanding of complex programming concepts. The
implementation involved deploying the chatbot in an online Java programming course over one semester,
engaging 32 ODL learners in a blended learning mode. Learners utilized the chatbot for interactive, one-on-
one tutoring sessions, benefiting from multimodal materials such as animations, visualizations, and interactive
exercises. These resources supported learners in addressing challenging concepts and completing programming
tasks, enhancing their engagement and comprehension. Evaluation was conducted through a structured survey
using a 4-point Likert scale, capturing learner perceptions on the chatbot’s effectiveness. The findings revealed
high levels of satisfaction, with learners highlighting the chatbot's ability to provide learning support and its
unique learning experience. The survey further underscored the chatbot’s role in alleviating cognitive load and
bridging the gap between abstract programming theories and their practical applications. The study
demonstrates the potential of Al-powered chatbots to transform programming education.
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INTRODUCTION

The integration of chatbots into educational settings has garnered significant attention in recent years, with
growing evidence supporting their potential to revolutionize the learning experience across various educational
contexts. Chatbot typically is a software that simulates human conversation through the text-based chats. Some
of the chatbots have both text chats and voice commands [1]. [1] has defined chatbots as a tool that is designed
in order to simulate the human behavior via the conversation or dialogues by using a convincing artificial
colleague. Intelligent chatbots with a strong pedagogical elements can be used to bring teaching and learning
closer to the learners in a more effective manner. This can be done by converting the commonplace lectures
into the sequence of running messages in the form of uniform chat conversation [2].

LITERATURE REVIEW

Over the vyears, extensive research has explored the application of chatbot technology in education,
highlighting its versatility in addressing diverse educational needs. One of the primary areas where chatbots
have shown great promise is in responding to student queries. Studies by [3], [4] and [5] have demonstrated
that chatbots can efficiently handle a wide range of student inquiries, providing instant answers and freeing up
educators to focus on more complex instructional tasks. This capability not only improves the efficiency of
student-teacher interactions but also ensures that students have access to the information they need at any time,
fostering a more supportive learning environment.

In addition to addressing student queries, chatbots have proven to be effective in enhancing the understanding
of complex subjects, particularly in technical fields such as programming. Researches by [6], [7], and [8] have
shown that chatbots can be instrumental in breaking down difficult programming concepts into more
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manageable and comprehensible pieces. By offering interactive, step-by-step explanations and real-time
feedback, chatbots help learners grasp intricate ideas more effectively, thereby improving their overall
comprehension and retention of the material. This is particularly valuable in disciplines where the cognitive
load can be high, and learners benefit from immediate clarification and guidance.

Furthermore, chatbots are increasingly being utilized to assess student performance, providing educators with
valuable insights into learners' progress. Studies by [9] and [10] have investigated how chatbots can be used to
administer quizzes, track student progress, and provide personalized feedback. This automated assessment
process not only saves time for educators but also allows for more frequent and consistent evaluation of
student performance, enabling timely interventions when needed. The ability to offer immediate, personalized
feedback helps students stay on track with their learning objectives and can lead to improved academic
outcomes.

The applications of chatbots in education extend far beyond these areas, encompassing a broad spectrum of
activities that include teaching, learning, administration, assessment, advisory services, and research and
development. In teaching, chatbots can act as virtual tutors, guiding students through lessons and offering
additional resources to reinforce learning. In learning, they can personalize educational experiences by
adapting content to suit individual learning styles and paces, ensuring that each student receives the support
they need to succeed. In administrative roles, chatbots can handle tasks such as scheduling, reminders, and
providing information, thus improving the efficiency and accessibility of educational services. Moreover,
chatbots are playing an increasingly important role in advisory services, where they can offer guidance on
academic pathways, career choices, and other educational decisions. By providing personalized advice based
on a student's academic history and interests, chatbots help students make informed decisions about their
education and future careers. In research and development, chatbots are being explored for their potential to
support collaborative learning environments, facilitate peer-to-peer interactions, and contribute to the creation
of adaptive learning systems that respond to the evolving needs of learners.

The growing body of research on chatbots in education underscores their potential to transform the educational
landscape by enhancing the learning experience, improving administrative efficiency, and supporting a wide
range of educational activities. As educational institutions continue to explore the capabilities of chatbot
technology, it is likely that their role will expand, offering even greater benefits to students, educators, and
administrators alike. The versatility and effectiveness of chatbots make them a valuable addition to the
educational toolkit, with the potential to drive significant improvements in both the quality and accessibility of
education.

However, despite the many advantages chatbots bring to education, their application remains somewhat
limited, especially in technical subjects such as programming. Programming education involves intricate
problem-solving and logic that require deep comprehension of syntax and semantics, making it difficult for
current chatbot technologies to fully meet student needs in this domain. As [11] observe, there are still many
questions regarding the potential and limitations of using chatbots for learning programming languages. This
highlights the necessity for further research and development to enhance the effectiveness of chatbots in
handling more sophisticated educational tasks.

Purpose

The general aim of this study is to enhance students’ learning experiences through a chatbot by designing an
Al-powered chatbot. The specific objectives are given below:

e To develop an Al-powered chatbot to support learning of programming; and
e To evaluate the effectiveness of student learning via the chatbot
METHODOLOGY
This study employs a structured approach to design, implement, and evaluate the effectiveness of Al-powered

chatbot in a programming education context. The methodology consists of three main phases: chatbot design
and development, implementation, and evaluation. Each phase is elaborated in detail in the following sections.
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Chatbot Design & Development

The author had designed and developed instructional-based an intelligent chatbot to support the learning of
Java programming course delivered as an online course. The chatbot developed in this study provides a
platform to the learners in order to comprehend the concept covered by the chatbot while conversing with the
automated tutor in an active manner by resolving the programming problem put forward by the chatbot. The
chatbot facilitates the learners by engaging them in the “one-t0-one” learning session with the ultimate aim of
solving the given programming problem successfully. The interface of the chatbot and some of its main
features are shown in Figure 1.

LESSON 6: Developing class programs (CODE: L6)

PRE-REQUISITE: Lesson I - Lesson 4 (L1-L4)

PROBLEM TO SOLVE:

Develop a class program called Product that will determine the total price
that need to be paid for a product purchased by a client based on the price per

unit and quantity purchased. The class shall display the total amount that need to Click here to start the mteraction
be paid as well as the product name. The class also can change the product name
and set initial value for some of the data Selds.

- =]
Get to know class and object  WORK AREA ; Dr Nantha>> Try again...choose the correct answer.. CHAT AREA
You>> class

Dr Nantha>> Well done..you are correct

IDr Nantha>> in OOP, class is the most fundamental element. We need to create the class first before the object can
be created

Dr Nantha>> FYI, object is created from the class
Dr Nantha>> In other word{}object is an instance of the class
Dr Nantha>> We will explore more on this in a short while..

IDr Nantha>> It is important for you to have a clear understanding on the meaning of class and object in OOP

Dr Nantha>> Now let us understand its meaning..pls scan the QR code given on the left using your phone...

< 3 I>] F#5Tutoris typinga Pls wait . . . )

| Run |[ View Program || Resume the interaction. | [_Ontne Compser_|

Select your r | |*]| Submit

Figure 1 The interface of the chatbot

Figure 2 shows the architecture of the chatbot with various diverse components including the intelligence
components.

Google Search

Sentiment El
Analysis f

i Generative
\ i Text
\ Text
_\l(':-i..'-i-ilgl":-i ' @ (Pattern Matching)

Text
(Retrieval Approach)

Replies ‘ Work Areca |

Multi-modal
Content

URL Link

Figure 2 Chatbot system’s architecture
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The chatbot send their messages or replies to the learners via the automated tutor. These replies or messages
can be in any of the following forms depending on the nature of question and at the which episode the
discussion is:

MRCH
O €,

Plain text

QR codes

Link to multi-modal content
Link to the interactive exercise

Depending on the type of message and the depth of the discussion, any one of the pattern-matching algorithm,
machine learning approach or retrieval-based model is used by the chatbot in order to formulate responses for
its replies.

While interacting with the chatbot, students will be asked to go to the work area section available in the
chatbot. The work area is used by the chatbot to present the incomplete algorithms or program codes, provide
visualizations about the problem and clarify the program’s underlying principles through visuals as shown in
the Work Area of Figure 1. Thanks to animations and visualization provided by the chatbot, the students will
quickly get their head around the concepts of the subject-matter. Context-sensitive hints and instruction are
provided by the chatbot in order to propel and guide the learners towards the next steps of the discussion.

It is important to note that programming can’t be learnt simply through dialogues and conversations. Thus, the
chatbot also support multi-modal content in order to explain the difficult Java programming concepts in a
more effective manner for easy understanding. Mental load of the students can be reduced through multi-
modal content as difficult concepts can be explained and visualized easily in the chatbot.

The links and QR-code that has multi-modal learning elements are pushed to the students at the appropriate
time as replies from the chatbot as shown in Figure 3a and Figure 3b. All the multi-modal learning materials
inside the chatbot are the highly interactive content.

As a follow-up initiative to support the learning via the chatbot, the interactive exercises inside the chatbot
provides the appropriate suggestions or hints to the students to solve the programming problem presented by
the chatbot based on the solution path taken by the students (see Figure 4).

[ TasTans sz |
LESSON 6: Developing class programs (CODE: L6)
PRE-REQUISITE: Lesson ! - Lesson 4 (L1-L4)
PROBLEM TO SOLVE:
Sezmm 534 - e

paid price pe
it and P The class shal display the ek here 1o start the inferaction
be pad as well a5 the product same. The class also can chaage the prodact aame
a0 set intial value for some of the data Selds

Get to know class and object [ Chk Reea=Cosesteat
Nantha>> [t is important for you to have a clear understanding on the meaning of class and object in OOP
jantha>> Now let us understand its meaning. pls scan the QR code given on the left using your phone...

i Tutor is typing a message. Pls wait . ..

=] Submit

Figure 3a Multi-modal learning content in the chatbot
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Dr Nasdhar> f b n the con, e why poogle ol # ‘e st "can

Dr Narrtha > Thos  becasne chave w muerely & semplate and only obyect St provades e real mesnng 0 the waer

Dr Nawha> For example, 8 howse plan drow temglhe (e, cham) which » gew for 3 pervons However, o

Dr Narstha»> Now you know that obyects the one that han meansng s “wsed” by the men

Dr Nurrha > Rewember that obyect w e kg from the smeny’ pergecmve

Dr Nasrha > 1f you o0 ot unersand the mewnng of obyect and clim. you may winch & vaeo levacn on dhene concegtn. Junt
pemn the QR code v your phone

Dr Nuwstha = Once you have done wik the vadew bwsem, chek e “Rewame weracion. * bnon.

D Nuwtha»> 1f you dont want 40 witch fhe video, jt click he Rewame the mteracion. * buten in onder 0 sewene e
eorracnn wih me

Figure 3b Another example of multi-modal learning content in o the chatbot

LESSON 6 Developiug chiss peograns (CODE: L&)
PRE REQUISITE Lesca 1 - Lesscm & (L1-LE)

. Chat Arca—Coemectod+—
ik Do 5 ot the Roga IDr Namths>> Now you know that the class program for this problem has 4 states and 4 behuviouss

I v D Namitha>> And you slio eve scen bow 1 have put 2 these cloments i a proper clsss sructuse

~ I0r Namths>> As stressed carkicr. states will be represcmted by the sttributes (whsch i the varaables declered = 2 class) and
I Rchssours will be snplemented via the medhods
’ Nemiba>> The partilly comicted class progean for his problin will be presentod 1o You whe you click the ok on the ofl
~ ENnv}u" > Your task now is to complete the program
~ ~ Nastha Now click the bnk and compiete the program
JRENEHASS Omce Yo I Copheted S e oe Skt TR Sseees he: wcion - Mot s el o e s et

Select your message: [ ] al:

Figure 4 Interactive exercises inside the chatbot that will appear at the end of the lesson

The development of the chatbot was guided through three educational theories, namely constructivism,
problem-based learning and active learning.

Implementation

The chatbot was deployed in an online Java programming course over one semester. The students (n=32), who
were open and distance learners, participated in this course, which was delivered in a blended mode consisting
of face-to-face tutorials, self-managed learning, and online learning components. In the study, the chatbot was
used to support their online learning and was made available to them in the second week of the semester.

Evaluation

The evaluation of the chatbot's effectiveness was conducted at the of the semester through a structured survey
using a 4-point Likert scale, which captured students' perceptions across multiple dimensions as indicated in
Figure 5. A significant 70% of the students enrolled in the Java programming course participated, providing
valuable insights into the chatbot's performance.
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I The chatbot was an interesting experience for me
I The chatbot heiped me to learn the subject matter
1: Strongly disagree [ The chatbot helped me in my learning process

4: Strongly agree Il The chatbot should be extended to other subjects

Figure 5 Perceptions about the chatbot by the students

The survey results revealed overwhelmingly positive feedback, with students expressing satisfaction with the
chatbot's ability to simplify their understanding of the subject matter. The findings align with those of [12],
who observed that students generally favor chatbots in educational contexts, viewing them as essential tools
for communication and information sharing. The chatbot’s unique features, including multimodal content
delivery, interactive exercises, and context-sensitive hints, not only tackled learning challenges effectively but
also alleviated cognitive load by presenting information in clear and easily digestible formats. These features
allowed students to engage with the material more effectively, fostering a deeper understanding and improving
their overall learning experience. For example, the use of visualizations and step-by-step guidance enabled
students to tackle complex problems with confidence, bridging the gap between abstract concepts and practical
application.

While the relatively small sample size limits the generalizability of the findings, the insights gained indicate
that the chatbot has been effective within its current scope. Moreover, these findings underscore the chatbot's
potential to transform programming education by providing an interactive, engaging, and learner-centered
learning experience. This approach not only supports students in overcoming learning challenges but also
opens new avenues for innovation in educational technology. Its ability to address common learning barriers
and provide real-time support underscores its value as a critical educational tool.

DISCUSSION AND CONCLUSION

Chatbots have emerged as a transformative tool in programming education, addressing many of the challenges
associated with teaching technical subjects. Programming requires a deep understanding of syntax, semantics,
and algorithmic thinking, often necessitating iterative learning and immediate feedback. Chatbots, with their
interactive and adaptive capabilities, provide a personalized and engaging solution to these demands.

By offering real-time assistance and tailored feedback, chatbots act as virtual tutors, enabling learners to
identify and correct coding errors effectively. They also support the visualization of abstract programming
concepts, such as object-oriented principles and data structures, through multimodal content like animations
and interactive diagrams. This approach enhances comprehension and reduces cognitive load, particularly for
novice learners.

The scaffolded problem-solving enabled by chatbot aligns with constructivist and problem-based learning
theories, guiding students through incremental challenges and promoting active engagement. Additionally,
chatbots facilitate independent learning by being available anytime, empowering students to learn at their own
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pace without the need for immediate instructor intervention. Gamified elements further motivate learners by
transforming traditional exercises into dynamic, goal-oriented activities.

Despite these advantages, challenges persist. Developing chatbots capable of handling the nuanced and
context-sensitive nature of programming tasks requires sophisticated natural language processing models and
extensive training data. Ensuring the accuracy and reliability of chatbot feedback is critical to avoid reinforcing
misconceptions. Moreover, scalability and integration with existing educational technologies remain areas for
further development.

The study conducted demonstrated the efficacy of chatbots in a Java programming course, with students
reporting significant improvements in understanding complex concepts of programming. The positive
reception highlights the potential of chatbots to bridge the gap between theoretical knowledge and practical
application, making learning more accessible and enjoyable.

In conclusion, educational chatbots represent an innovative approach to enhancing programming education.
Their ability to provide interactivity, immediate feedback, and personalized learning experiences positions
them as a central tool for modern education. As chatbot technology evolves, addressing current limitations, it
holds the promise of revolutionizing technical education by offering scalable, cost-effective, and engaging
learning solutions for diverse learners. This underscores the importance of continued research and
development to fully realize their potential in programming and other technical subjects.

Future Work

As part of future work, the author is currently working to enhance the accuracy of chatbot responses
formulated through the retrieval-based method. The author also plans to integrate generative Al, specifically
GPT-4, through the Application Programming Interface (API) into the chatbot to enhance its ability to generate
more nuanced and contextually relevant responses.
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