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Abstract:-The following research paper encapsulates amodern programming assistance tool developed to solve
thechallenges that students and instructors experience duringfundamental programming lessons. Students
frequentlyexperience numerous kinds of coding issues during time-constrained lab environments, with limited
opportunities fordirect communication with instructors. CodeCoach makes useof the features of GPT-3.5 and
provides  straightforwardexplanations of errors identified, provides observations onstudent’s
programmingapproaches, and provides practicalsuggestions for code development. One of the unique features
ofCodeCoach is its extensive assistance for numerousprogramming languages, which ensures its flexibility
acrossvarious learning environments. Additionally, the software'sspecially designed forum makes it easy for
students to contributeknowledge. The posting of specific lab-related questions anderrors by students allows
collaborative problem-solving.Instructors and students can take part in offeringcomprehensive responses and
solutions. The implementation ofCodeCoach demonstrated the effectiveness it is in optimizing thelearning
process. Its adaptability and integration of advancedlanguage models make it an important achievement in
thecontext of programming educational support systems.
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1. Introduction

Computer programming is a fundamental skill in the field of Information Technology, requiring a solid grasp of
programming languages, concepts, and problem-solving abilities, especially for beginners. The transition from
secondary to tertiary education, combined with the introduction of complex programming concepts and
languages, can leave students feeling overwhelmed [1], as pointed out by [1], particularly when delving into
introductory programming courses. While educators aim to provide students with the best learning experience,
they all share a common problem: how to effectively help students in a constantly changing and complex
programming world. This challenge becomes even more significant when students have to deal with abstract
programming ideas and the logical thinking required for programming according to [2]. These challenges
persist, as shown in [3]. Their research found that most students learning programming struggle with two main
issues: figuring out how to create programs for specific tasks and finding mistakes in their own code [3].

As Carlsen, Nygaard, and Stage (2006) have shown, practical experience in programming is essential for
producing high-quality designs. Even high-performing students, as their study found, do not always produce the
best designs without practical experience [4]. This underscores the importance of practical problem-solving
skills over academic achievement in programming education. The popular method that many universities follow,
which involves providing greater practice of problem-solving skills to students, is to conduct practical
programming labs. However, when considering large labs with more students, communication can be very
limited between students and instructors. This decreases the amount of time that an instructor can devote to each
student.
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While several tools and systems have emerged to address these challenges, most have primarily focused on
offering feedback to assess students' abilities and performance during lab sessions or enhance their
programming skills through various tutoring mechanisms. However, a critical gap exists in the realm of tools
that help students correct the errors they encounter while writing programs during lab sessions. The limited
available tools are often tailored to a specific programming language, hindering students' flexibility in their
language of choice.

This is where this innovative tool, CodeCoach, steps in to bridge the gap. CodeCoach addresses the crucial need
for real- time, error-specific programming assistance for students. Unlike existing tools, this solution empowers
students to understand and rectify their coding mistakes independently, reducing the burden on lab instructors.
The backbone of CodeCoach is the power of Artificial Intelligence (Al), driven by a state-of-the-art
GPT/(Generative Pre-trained Transformer) 3.5 model.

2. Literature Review

To assist beginners with their programming challenges, numerous colleges have developed a wide variety of
tools. The “SmartLab” program was created by Alammary, Carbonne, and Sheard (2012) at Monash University,
offering professors quick and comprehensive feedback on their student's performance during lab sessions [5].
However, this technology does not help the students in rectifying their mistakes.

At Middle Tennessee State University, Yoo et al. have developed a web-based tutoring system that includes a
question tutor, program tutor, and course management system [6]. Lab supplies can be managed by teachers
who have access to the course administration system. The question tutor and program tutor cover learning
concepts and programming techniques. Even so, they do not prioritize providing solutions for students' mistakes
as CodeCoach does.

Another area of research has focused on providing automated assistance to students. One example is
"WebToTeach," a web-based interactive programming exercise system created by Arnow and Barshay in 2002
[7], allowing for automated assignment checking.

The Java compiler messages are refined into more comprehensive and understandable error messages using a
tool called "Expresso," designed for novice Java programmers [8]. However, there is no mechanism currently in
place that can suggest solutions for errors not only in Java but in any programming environment. In contrast to
the “iPAT” tool [9], which only supported the C# language, the web-based tool CodeCoach, with the aid of
modern Al, can support any programming language.

The systematic literature review at the University of Tabuk based on Kitchenham and Charters' guidelines [10]
delves into the challenges confronting students and the burgeoning interest among scholars in unraveling these
complexities. While a plethora of factors, both positive and negative, have been identified in the process of
learning programming languages, the adoption of online tools emerges as a favorable solution.

The study [11], investigates the impact of Al code generators, particularly OpenAl Codex, on novice
programmers in introductory programming education. This study addresses concerns about overreliance on Al-
generated code by conducting a controlled experiment with 69 novice learners aged 10 to 17. Key findings
reveal that Codex significantly improves code-authoring performance without impairing manual coding skills,
as evidenced by a 1.15x increase in completion rates and 1.8x higher scores. Learners with access to Codex
during training performed slightly better on subsequent evaluations, though not statistically significant. Notably,
students with stronger prior programming knowledge benefited more from Codex, suggesting its potential to
support learners while emphasizing the importance of considering their initial skill levels. This research
highlights the promise of Al code generators in enhancing introductory programming education and the need for
tailored implementation strategies.

Taking all the research conducted into consideration, CodeCoach stands out as the sole tool that possesses
capabilities such as compiling and Al-assisted error handling, lab management features, community forums for
each lab, and code challenges. This empowers lab instructors to address every student error from a central
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location within the classroom, thereby enhancing interaction between students and instructors during
programming lab sessions. The goal is to introduce a novel approach to teaching programming, employing a
more streamlined and effective method through an enhanced web application for lab assistance.

3. Methadology

This research was carried out with the intention of building an Interactive Programming Assistance Tool which
is designed to teach and learn programming in an effective way. The Tool does not require any special hardware
support and it can be easily accessed using an internet connection since the tool is a web application. This
research is mainly focused on improving a previous IPAT Tool [9] and to minimize the difficulties of the novice
programmers when learning a new language and difficulties faced by the instructors when instructing a large
number of students .To achieve this the system has the ability to compile many number of programming
languages giving students a new experience with an improved system which consist of Al based programming
assistance tool & capability to compile multiple programming languages, A forum to raise questions about lab
tasks, A feature for instructors to create their own code challenges and test cases for complete automated
evaluation process.

Web Application

— User Profiles —
,—> LabManagement &

Code Challanges

React & Management ..l
Frontend g
Lab Instructors . .
Coding & Al Assisted [}
N—> g , <« -
error tracking
Database Layer
System Admin N——>  Community Forum ¢—
Presentation Layer
nede

Application Layer

Fig. 1 System Architecture
A. Lab Management Feature

For easing the lab conducting for the instructors the lab Management feature will give the ability to create lab
groups and enable or disable the specific forums for the given lab. The aim of this feature is to help organize the
labs conducted by the instructors into lab groups so that it’s easier to conduct these labs. The instructors can add
specific code challenges for the labs. Getting data on how the students have performed during the labs and how
much progress that students have made is very important when evaluating them. To do that this feature will
provide analytical data on entire lab groups.
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B. Compiling and Al Assisted Error Handling

This module is designed with two parts, the Compiler has the ability to compile multiple languages which will
increase the flexibility and the usefulness of the application exponentially. Secondly the Error handling will be
done with the assistance of the GPT 3.5 Turbo Al model which will take the code implemented by the students
and the error generated by the compiler or in case of a test case failure the failed test case will be taken. The Al
will process this data and suggest hints to the student to complete the coding challenge in a way that will
improve their skills in the chosen programming language. Its important for an instructor know how much his/her
students are dependent on hints generated by the Al assistance tool, to achieve these goals this feature has the
ability to generate a report on average amount of hints used by a specific student.

C. Managing Code Challenges

There are two types of code challenges.

1) Lab specific code challenges: These code challenges are only accessible by the students and instructors
of a specific lab group.
2) Common code challenges: These code challenges can be accessed by all the instructors and students

that use the system.

To fully automate the process of assigning and completing lab sheets by students the lab tasks are divided into
coding challenges which can freely add to the specific lab group from the common Coding challenges pool or
create coding challenges specific for a one lab group by the instructor. This functionality will enable the creation
of code challenges, editing and deleting these code challenges. Furthermore, to evaluate whether the student
correctly completed the task the instructor can create test cases which is comprised of sample output values for a
given code challenge. The lab instructors can add these lab specific code challenges to the common code
challenges pool and System administrators can add code challenges to the common code challenges pool
directly. To evaluate the progress of the students this feature will generate a report on how many tries a student
needed to pass the test cases of a specific code challenge.

D. Community Forums

There are two types of community forums.

1) Community forums which are only accessible by the students and instructors for a given code
challenge.
2) The common community forum for all the students and lab instructors in a lab group.

Community forums are a great way to communicate and collaborate on coding problems that arise during
coding. To give a familiar experience to stack overflow and other community forums for debugging errors, this
feature will have a community forum where students can communicate with their peers in the lab and the
instructors of the lab by using the community forum that is specific for a code challenge and on a common
community forum for all the students for a lab group using this system. The access to common community
forum and the labs community forum can be disabled for the students by the instructor as necessary.

E. User Roles

According to the three major user categories that interact with this tool, four core components are created for the
system: The lab instructor, lab student, System administrator are the three user categories.

Lab Instructor: The instructor or the lecturer who is using the system to conduct the lab session. He/ She can
access the common code challenges pool and add them to a lab group as lab tasks or they can create new code
challenges and test cases for them which are only accessible to the specific lab group they are created for.
Instructors can save these code challenges if needed for future use by adding it to the common code challenges
pool. They can answer the questions raised by students in the community forums and post instructions for a lab
for all the students using these community forums. To evaluate the progress of the student’s instructor has the
ability to check which code challenge a student is currently working on and has the ability to check the
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submitted code by the students for the previous code challenges and have access to various reports generated for
specific lab groups.

Lab Student: The student who is using the system to complete the lab tasks. When a student encounters an error
or when he fails a test case for a code challenge, he/she can request hints using the Al assisted error tracking
feature. Furthermore, they can use both types of community forums to upload a code snippet to get help from
their peers or an instructor. Where others can post solutions to the questions raised by a student via the
community forum.

System Administrator: The person who is responsible for creating accounts for instructors and generally
administrating the system. He or she is the only one that has access to add or delete code challenges directly
from the common code challenges pool. They are responsible for creating user accounts for lab instructors,
monitoring, and managing the common community forums.

F. Technologies Involved

There are key technologies that have been used to develop the complier of the system. The core of the compiler
is comprised of a containerize version of Judge0 open source code execution environment using docker [12] The
Al assisted err error handling feature is built around a custom trained GPT 3.5 model [13]. Node.js [14] and
React.js [15] was used to develop the backend and the frontend of the system respectively, while MongoDB
which is a non-relational document database was used as the primary database of the CodeCoach system.

G. System Evaluation

There are several decisive measures that have been taken to evaluate the system’s effectiveness and accuracy.
The evaluation of CodeCoach was carried out in a virtual lab environment which was attended by 15 students
and 2 lab instructors. With these participants a lab session was conducted which comprised of 20 coding tasks
for the students which were created by their lab instructors. At the end of the session participants were
interviewed and asked to rate the usability, effectiveness, and usefulness of the functionalities of the CodeCoach
system on a five-point scale.

The lab instructors’ average rate was 4.2 and they further commented that giving hints and actively guiding the
student to get the answer by themselves using GPT 3.5 model will be a very helpful feature for the students to
learn and develop thinking patterns to successfully tackle problems arise while coding. They further commented
that the progress tracking feature of the lab session is very useful to track the progress of students individually.

The students gave an average rating of 4. They positively commented on the error tracking feature where a
trained GPT model gives personalized hints based on the students submitted code stating that it helped them to
solve their errors on their own while giving useful hints to guide them. One student commented that this feature
helped him to learn how to think when facing a coding problem or when debugging an error.

4, Result Of The Research

A. Compiler

The compiler feature of the CodeCoach system is a noteworthy accomplishment. It has the ability to compile a
variety of programming languages, supporting a total of 38 languages. The ability to accommodate both student
preferences and the unique demands of programming projects depends on this diversity. With this capability,
instructors can assign tasks using different programming paradigms while giving students the freedom to choose
their favorite language.
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CodeCoach_

@ omaxon

home [ dashboard

NIGHT-OWL

JAVASCRIPT (NODE.JS 12.14.0) ~

Maria plays college basketball and wants to go pro. Each season she
maintains a record of her play. She tabulates the number of times she
breaks her season record for most points and least points in a game.
Paints scored in the first game establish her record for the season, and
she begins counting from there.

Example

Question

Scores are in the same order as the games played. She
tabulates her results as follows:

Al Chat

Count Game Score Minimum Maximum Min Max 0 12 12 12 0 0 1 24 12
2401210102411324102411

Given the scores for a season, determine the number of times Maria
breaks her records for most and least points scored during the season.
Function Description

C lete the breakingR is f in the editor below.

Discussion

has the i (s):
int scores[n]: points scored per game

RUN cape m

Returns
int[2]: An array with the numbers of times she broke her records. Index is

Fig. 2 Snapshot of the Compiler
B. Al-Powered Error Handling

The Al-assisted error handling of the CodeCoach system is one of its most notable features. This function makes
use of the GPT 3.5 Turbo Al model, which is essential in assisting students in overcoming coding difficulties.
The system records pertinent information when a student experiences an error or fails a test case, including the
student's code, the error message, and test case specifics. After processing this data, the Al creates tailored tips
and ideas to aid the student.

CodeCoach_ @ owmaxoon

home / dashboard

Maria plays college basketball and wants to go pro. Each season she
maintains a record of her play. She tabulates the number of times she

Coach
Hello, how can | assist you?

c
o breaks her season record for most points and least points in a game.
’u'ﬂ-; Points scored in the first game establish her record for the season, and
8 she begins counting from there. Explain the question simply.
Example
. Coach
Scores are in the same order as the games played. She Sure, | can explain the question to you. Maria plays college basketball and she wants to go
o tabulates her results as follows: pro. In each season, she maintains a record of her play by tracking the number of times
2 she breaks her season record for the most points scored in a game and the least points
o " > 2 . 7
= Count  Game’ Buore: MLn1sam Mzt Min Max 0l 1251201205001 24:12 scored in a game. The polnts. scored in the first game establish her r.ecord for the season.
24012101024 11324102411 From there, she starts counting and compares each game's score with her current season
record. If the new score is higher than her current record for most points, she breaks the
record. Similarly, if the new score is lower than her current record for least points, she also
Given the scores for a season, determine the number of times Maria breaks the record. Your task is to write a function called
S breaks her records for most and least points scored during the season.
K Function Description breakingRecords
3
I3 . N that takes an array of scores as input, and returns an array with two values: the number of
Jé’ Complete the in the editor below. sESaERes R 2 B RN b e
fasthe . (s): Why is my code not Explain the question How do | use the map function in
working? simply. Js?

int scores[n]: points scored per game

Returns
int[2]: An array with the numbers of times she broke her records. Index is

Fig. 3Snapshot of the Al assistant tool
C. Reports on Al Hint Usage

The system also creates reports on the typical number of tips utilized by certain students, which may be used to
evaluate the efficacy of the Al-assisted error management and determine how students are benefiting from this
feature. This information is helpful to teachers since it sheds light on how much each student relies on Al-
generated hints. These findings can be used by teachers to modify their pedagogical strategies and offer greater
assistance to struggling students.

D. Community Forums
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The CodeCoach system's community forums have established themselves as useful channels for collaboration
and communication. They are set up to encourage dialogue and information exchange around certain coding
challenges.These forums are designed to address individual coding challenges. They establish a setting where
students can ask for assistance and teachers can offer tips for resolving specific code challenges. This narrow
focus guarantees that conversations stay pertinent to the current work, encouraging beneficial interactions.
Additionally, this forum's collaborative nature is mirrored by other community-driven coding forums and
websites like Stack Overflow.

The ability to enable or disable access to these forums by instructors allows for customization based on the
specific requirements of a lab group or the nature of the coding challenge.

CodeCoach_ 0O panujaol

home/dashboard/1lab-00P/question/discussion

Question
(1)

Al Chat

Discussions

POST

[ ]

-

1 Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quis lobortis nis! cursus bibendum sit nulla
accumsan sodales ornare. At urna viverra non suspendisse neque, lorem. Pretium condimentum
pellentesque gravida id etiam sit sed arcu euismod. Rhoncus proin orci duis scelerisque molestie
eursus tincidunt aliquam.

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quis lobortis nisl cursus bibendum sit nulla
accumsan sodales ornare. At urna viverra non suspendisse neque, lorem. Pretium condimentum
pellentesque gravida id etiam sit sed arcu euismod. Rhoncus proin ori duis scelerisque molestie
cursus tincidunt aliquam

code textcode textcode textcode textcode textcode text

add
[ ]
-

According to the "An Interactive Programming Assistance Tool (iPAT) for Instructors and Novice
Programmers" research [9], a comprehensive software solution has been crafted specifically for the C#
programming language. This tool encompasses features such as robust error handling, screen sharing
capabilities, a proficient lab resource management system, and a comprehensive solution archive dedicated to
addressing common errors encountered in C# programming but CodeCoach, was developed upon an extensive
investigation of the existing instructional tools and techniques. CodeCoach is extremely flexible, supporting
numerous types of programming languages. This inclusivity makes sure that students, irrespective of the study
language they have selected, receive individual assistance. Furthermore, CodeCoach constitutes a smart tool for
programming which takes advantage of GPT-3's impressive abilities to clarify and explain code in an
approachable way. This tool's capacity to extend farther than traditional error identification by offering
explanations on error causes is impressive. This approach to instruction greatly enhances comprehension of
programming concepts and CodeCoach builds an environment of autonomous learning and collaborative
problem-solving through the inclusion of an individual forum for lab groups, where both students and
instructors can ask questions, engage in knowledge-sharing, and enhance their programming skills. The forum
interface gives users the flexibility to edit or remove posts. Concluding the whole idea behind this research
project, CodeCoach is a highly valuable assistance. It is a valuable tool for both students and instructors due to
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its ability to clearly explain complex ideas, language adaptability, and emphasis on independent learning. With
the introduction of CodeCoach, the practice of programming education has been established by increased
accessibility, contribution, and effectiveness, establishing an improved learning environment for every learner.
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