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Abstract: During the COVID-19 pandemic, most education has been conducted through online classes.
While feedback and interaction between students and instructors are significant in programming
education or engineering practice, online education today cannot satisfy these aspects of learning.
Therefore, this study proposes a learning support system for programming education and presents
the results of designing and implementing this system. The proposed system consists of an online
development environment module, a learning monitoring module, and a learning support module. It
also provides a web-based programming environment, real-time chat and code mirroring, error guide
messages and related lectures, e-learning quizzes, and learning activity analysis features. The system
standardizes the development environment between the instructor and students, helps students take
the initiative in solving errors, and enables code-oriented interactions between the instructor and
students. It also collects data from all learning situations in the database. Conducting a big data
analysis with the collected data will enable individual guidance for students by finding errors that
frequently occur in programming and recommending learning materials to solve them.

Keywords: online education; learning analytics; programming education; data collection; platform;
learning data

1. Introduction

As Industry 4.0 creates new added value by converging information and communica-
tion technologies, such as artificial intelligence, the Internet of Things, cloud computing,
and big data, we are rapidly changing into a software-oriented society, in which software
is the center of value creation. At a time when the significance of software education is
increasing every day, the government and educational institutions are continuing their
efforts to nurture talent and introduce various programming education courses [1].

At the same time, the COVID-19 pandemic has brought many changes in our lives and
society. Due to the prolonged pandemic and the government’s intensive social distancing
measures, we are entering the era of the contact-free society, and the field of education is
no exception to this trend. As such, there is a growing interest in non-face-to-face online
education that enables learning to take place anytime, anywhere, without constraints on
time and space, unlike traditional classroom-oriented learning methods [2].

Although non-face-to-face online education is considered future-oriented education
due to advantages such as improving the flexibility and convenience of learning and
providing opportunities for self-directed learning, it also limits the interaction between
instructors and students [3]. According to the findings of an investigation of complaints
made by students in actual online classes, many students (21.1%) have pointed to the
lack of interaction with instructors [4]. Various methods have been attempted to improve
interaction, including using video chat services such as ZOOM, real-time Q and A through
chatting, and inducing student participation through assignments or quizzes, but these
have not produced satisfying results.
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These problems may become more serious in practical fields of education, such as
programming. Due to the nature of programming education, practice is significant, and
code-oriented real-time interaction is essential. However, the conventional methods used in
non-face-to-face online education have the following limitations. First, one of the difficulties
students face in programming is finding and solving errors that occur in the programming
process [5]. They need feedback from the instructor to resolve these errors, but there are
limitations to communication through traditional methods, such as chatting. Second, active
participation is required to learn programming syntax and understand the procedure,
such as students entering and writing the code themselves, even if code examples are
provided [6,7]. However, conventional methods that use assignments or quizzes can only
determine whether students submitted their code, not whether they actively participated
or not.

Therefore, this study proposes a learning support system for non-face-to-face online
programming education and presents the results of designing and implementing this
system. The proposed system consists of an online development environment module, a
learning monitoring module, and a learning support module. The online development
environment module provides an online development environment based on Docker
containers, where students can practice Python, JavaScript, and C languages. The learning
monitoring module collects and monitors the learning situation, such as the code input
status, error status, and questions, and the learning support module transmits learning
contents, quizzes, and error message descriptions to students that have been pre-registered
by the instructors.

The advantages of applying the proposed system to non-face-to-face online program-
ming classes are as follows. First, programs often depend on platforms or operating
systems, but the proposed system can unify the development environment between instruc-
tors and learners by providing an online development environment. This is very useful in
non-face-to-face online education, where students participate in classes using their personal
computers. Second, the instructor can easily assess active student participation by regularly
monitoring their code input status and progress. Third, providing additional explanations
and references for programming errors in real time helps students take the initiative in solv-
ing them. Fourth, code mirroring enables code-oriented interactions between the instructor
and students.

2. Related Works

As learning activities in physical schools and classrooms move to online environments,
various learning support services have been introduced through trial and error in terms
of technical and content preparation. Accordingly, many attempts have been made to
encourage students to participate and improve their achievement in software education.
Programming experience is significant in software education, so many studies have been
conducted on increasing code-oriented interaction.

Quizzes are one of the best methods of enhancing students’ programming experience
and evaluating their achievement [8,9]. A wide variety of research has been performed that
focuses on this aspect, including studies that proposed and developed an online automatic
evaluation system with question banks for main topics in data structure which evaluates
the answers submitted by students in terms of memory usage, execution time [10], and
research on the design and implementation of automated assignment assessment systems
using basic commands such as Commit and Pull provided by Git (a version control tool) to
register and submit assignments and GitHub repositories to store them [11–13]. GitHub
is a useful tool for programming education. It can be used as a code editor, as it offers
syntax highlighting features, and is also helpful for team assignments, as it is optimized for
collaboration. However, it also has many limitations; for one, it is impossible to compile
and execute codes and examine the progress of syntax units, because we can only monitor
when the students submitted their assignments.
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A study by Kim et al. (2020) proposed a code-related conversation service for online
programming education to increase interaction around code [14]. This service is a code-
based conference support system in which the source code by a specific student is posted
in an online space, where both the instructor and students participate, and participants
conduct code reviews and Q and As. It also provides features to allow the insertion
and sharing of notes on specific codes for effective code reviews. A web-based integrated
development environment (IDE) was proposed to provide an IDE to students to standardize
the development environment between the instructor and students, offer learning content,
and collect learning statistics.

CODECHUM [15] offers a web-based IDE for C programming classes and provides
leaderboards based on student performance history to encourage participation. Class-
Code [16] is a system proposed for JavaScript classes. Students can take online tutorials
prepared by instructors, write and submit example programs, and refer to other students’
solutions. Other studies in this area have used commercial online IDE, such as REPL.IT,
CODECHEF, and IDEONE for online classes [17–19].

3. Learning Analytics System
3.1. Functional Requirements

Functional requirements were analyzed to design and develop an efficient learning
analytics system for non-face-to-face online programming classes. The requirements and
design results are as follows.

First, the system needs to provide students with the same development environment
as the instructor and an environment that is not dependent on students using a specific
platform or operating system. This is because syntax may differ depending on the version
of the interpreter (compiler) used, and additional modules or libraries that can be installed
may also vary depending on the operating system. This problem can be solved through a
web-based IDE.

Second, one of the challenges experienced by students is finding and solving the
errors that occur while executing source codes. Error messages generated by interpreters
(compilers) in traditional IDE are difficult to understand for beginners who are just starting
to learn to program. If an error occurs in a face-to-face class, it can be solved immediately
by showing the error message with the source code to the instructor, but it takes more
time to resolve errors in online classes due to the limits on communication. Therefore, the
system needs to provide error messages generated by the interpreter (compiler) together
with error guidance messages and reference tutorials to help students understand and
solve the errors in real time. The system also needs a chat function that enables real-time
communication between the instructor and students and a real-time student source code
mirroring function.

Third, one of the ways to improve student learning and achievement in programming
classes is to encourage their participation by motivating them to enter and execute the
code by themselves, even if there is an example source code disclosed by the instructor,
so that they can become familiar with the programming syntax and structure. Therefore,
the system needs to recognize whether students are actively participating in real time.
However, participation in online classes can be indirectly determined by information, such
as the students’ log-in and source submission statuses, but it is impossible to assess how
actively they are participating in the class in real time. As such, there is a need to monitor
the students’ code input progress in real time.

3.2. System Structure

The proposed system is composed of an online development environment module, a
learning monitoring module, and a learning support module.
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3.2.1. Online Development Environment Module

The online development environment module provides a web-based online develop-
ment environment to support programming classes. The online development environment
module in this study was developed for Python, JavaScript, and C language education. It
collects information about student learning activities during classes, including student login
information, code input status and code content, the occurrence of errors and their content,
and questions. The learning activity information collected in real time is transmitted to the
learning monitoring module.

Another function of the online development environment module is to immediately
provide learning content and feedback to students according to the learning guidance rules
already received from the learning support module. The student interface of the online
development environment module is shown in Figure 1.
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Figure 1. Student interface. 1© The file window shows the example source code for each unit or
chapter uploaded in advance by the instructor. It is a window for selecting and editing or executing a
specific file. 2© The question window is for entering and sending questions to the instructor. 3© The
editor window is for editing the source code, and provides syntax highlighting features. Any code
changed by student input is transmitted to the instructor through the learning monitoring server.
4© The results window outputs the results of executing the source code.

The online development environment module consists of a client that provides the
development environment interface to the students and a server that returns the results of
compiling student source codes and transmits and receives data to and from the learning
monitoring module. The online development environment module was implemented with
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NodeJS v12.22.11 based on the Ubuntu 18.04 LTS Linux operating system and uses REST
API and Socket.IO v4.4.0 to communicate with the learning monitoring module.

3.2.2. Learning Monitoring Module

The learning monitoring module stores the learning activity information received
from the online development environment module in the database, analyzes real-time and
long-term accumulated learning activity information, visualizes the analysis results and
provides them to the instructor. An example of the real-time learning activity analysis
results is shown in Figure 2.
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Figure 2. Real-time learning activity analysis window. 1© The monitoring button allows instructors to
remotely monitor students’ source code input status from their PC. 2© The progress shows the progress
of each student compared to the target source code in the form of a bar chart. 3© The progress status is
visualized in different colors by assessing the progress/waiting/completed/error/question/absence
status according to the code input status regularly received from the students. 4© The question
content shows the students’ questions. 5© The student modal window monitors the student’s source
code and shows it to the instructor.

Figure 3 shows the results of analyzing student learning status based on the data
accumulated in the database, including the number of assignments submitted, number
of posts, number of questions, total logged-in time, activity time, and attendance. The
learning monitoring module is based on the Ubuntu 18.04 LTS Linux operating system,
implemented with NodeJS, and uses MySQL 8.0.27 as the database.

3.2.3. Learning Support Module

The learning support module provides a web-based interface to support the instruc-
tor’s programming class, through which the instructor can register learning contents such
as course contents, error guidance messages, and quizzes. The interface of the learning
support module is show Figure 4.

The error guide messages registered in Figure 4 are transmitted to the online develop-
ment environment module and shown to the students in a modal form. Figure 5 shows the
occurrence of a ‘KeyError’. The system displays a pop-up window with the error guide
message related to a ‘KeyError’ registered in advance by the instructor and a link to the
lecture or tutorial in the online development environment of the student.
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Figure 4. Learning support module interface. 1© The error guide message allows the instructor to
register guide messages for the students for each type of programming error and reference tutorials.
2© The lecture syllabus is for the syllabus. 3© The source code repository is the source code repository

address where the example sources for the lecture are registered. 4© Additional learning materials are
where the instructor enters error occurrence conditions and materials that require additional learning,
such as student error occurrence type and frequency.

If the learning monitoring module determines that additional learning is necessary
(such as when there are repeated similar errors), students receive supplementary learning
content (such as quizzes) registered in the learning support module, as shown in Figure 6.
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The learning analytics module is based on the Ubuntu 18.04 LTS Linux operating
system, implemented with NodeJS, and uses Socket.IO for real-time communication with
the online development environment module.

4. Materials and Methods
4.1. Research Questions

Our goal in this study is to improve the effectiveness of learning in programming
courses. We conducted an experiment to evaluate the following research questions.

1. Does the proposed system help students to take the initiative in solving program-
ming errors?

2. Is the system beneficial for online programming courses?

4.2. Course and Participants

We designed and conducted an experiment during the first semester of 2022 to evaluate
whether the proposed system is beneficial for learning programming. The experiment
involved 40 first-year undergraduate students attending the Introductory C Programming
course (20616-06).

We divided the students into two groups: the experimental group (n = 20) and the
control group (n = 20). In the first phase (week 2–4) and third phase (week 9–11) of the
term, both of the groups did not receive any additional learning materials. In the second
phase (week 5–7), the experimental group received additional learning materials, such
as error guide messages and supplementary learning contents, by the system, while the
control group did not. The eighth week was excluded in the experimental due to the
midterm week.

4.3. Procedure
4.3.1. Provision of Lecture Materials

The teacher registered error guide messages and supplementary learning contents for
each error type and uploaded quizzes for each chapter to the learning support module. The
module provides a web-based interface and is only accessible by teachers. The registered
and uploaded lecture materials are stored in a database.

4.3.2. Practice Exercises

The participated students had three or four programming quizzes in every lecture
except the first week. They wrote source codes to answer the quizzes and submit them
using the online development environment module. In this procedure, the error history
and submission state were monitored and stored in a database by the learning monitor-
ing module.

The students can verify whether the result of the code execution is successful or not
through the module. If an error is generated, the experimental group will receive additional
learning materials, such as error guide messages and supplementary learning contents by
the system, while the control group receives an original error messages generated by the
interpreter (compiler).

4.4. Data Collection

In order to compare the number of errors in the experimental group and control group,
the learning monitoring module kept error data in a database every time when the students
executed their source code. We extracted the stored data from the database using the
learning monitoring module.

5. Experimental Result

During the experiment, the participated students had three or four programming
quizzes in every lecture, except the first week. We gathered the error status data for each
group via the learning monitoring module.
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We evaluated the average number of errors during each programming quiz. The result
of this evaluation is shown in Figure 7.
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According to Figure 7, both of the groups generated a large amount of errors, and the
difference between two groups was slight in the first phase. In the second phase, however,
the experimental group, which received additional learning materials by the system, had
much fewer errors than the control group, and this trend continued into the last phase. We
think that this is because the experimental group was well trained in the second phase. The
results indicate that the proposed system is useful in helping learners reduce programming
errors and improving the academic achievement of programming majors.

6. Conclusions and Future Work

In this paper, we propose a learning support system for non-face-to-face online pro-
gramming classes and present the results of designing and implementing this system.
The proposed system consists of an online development environment module, a learning
monitoring module, and a learning support module. It provides a web-based programming
environment, real-time chat and code mirroring, error guide messages and related lectures,
e-learning quizzes, and learning activity analytics features. The system standardizes the
development environment between the instructor and students, helps students take the
initiative in solving errors, and enables code-oriented interactions between the instructor
and students.

To verify the proposed system, we applied the system to a programming course. We
divided the students into two groups, where one is supported by the proposed system
and the other is not, and compared between the two groups the average number of errors
during programming quizzes. The result indicate that the proposed system is beneficial for
the programming course.

There are still some limitations of this study. Firstly, it was a small-scale and short-term
study. More students should be involved, and long-term experiments are necessary in the
further study. Secondly, the proposed system only provides additional learning content
according to simple and standardized rules pre-registered by the instructor, so it has limita-
tions when it comes to offering customized content based on each student’s learning pattern
and participation. Currently, the proposed system is being applied and used in university
programming lectures. Based on the learning activity information accumulated by the
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system, future work will include research on AI-based learning achievement prediction
models and providing customized learning content for each student.
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