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ABSTRACT

Programming education at the Faculty of Engineering, Surabaya State University, faces challenges
including low student engagement, ineffective teaching methods, and difficulties in monitoring progress.
This study proposes the adoption of the Scrum methodology to develop a Project-Based Learning
Management Application (PBLMA) tailored for programming courses. The Scrum framework, with its
iterative sprints and emphasis on collaboration, enables the creation of a user-centered application that
enhances student engagement by 25% (based on user feedback) and simplifies progress tracking for
educators. Sprint ensure continuous improvement, aligning the PBLMA with evolving educational
needs. User testing with 50 students and 10 lecturers validates the application’s functionality and
educational impact, showing a 30% improvement in project completion rates. This study demonstrates
Scrum’s efficacy in educational software development and its potential for broader academic
applications, providing a scalable model for addressing similar challenges in diverse settings.
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I INTRODUCTION

Teaching programming courses within the Faculty of Engineering at Surabaya State University
presents distinct challenges. Faculty members, who also conduct research within this faculty, carry the
responsibility of delivering programming instruction. Through detailed assessments of the educational
environment, these faculty researchers have identified several factors that impede optimal progress in
programming education [1]. Key issues include a decline in student engagement, ineffective teaching
methods, and the difficulty of tracking students' progress in programming courses [2]

One of the obstacles encountered in the educational process of programming courses is the substantial
time commitment that learning computer programming demands, even though it is feasible for individuals to
undertake independent learning in this domain [3]. The difficulty lies in the execution of programming
abilities, a process typically achieved through the culmination of a semester-long group project, often
involving the development of an application [4]. This project assignment holds significant importance in the
context of programming course instruction, as it not only encourages collaboration among students but also
expedites the enhancement of programming competencies through peer discussions [5].

In a corporate environment, it is typical to involve multiple employees in application design, making
effective communication among team members essential [6]. This fosters stronger teamwork and aids in
finding optimal solutions to current challenges. Scrum facilitates problem-solving by promoting open
communication within the team [7]. From a functional perspective, this approach can also be applied to the
learning process in computer programming courses [8].
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Prior to the onset of the pandemic, the supervision of students' engagements in programming courses
was accomplished through in-person monitoring within computer laboratories, involving the direct
observation of each student's computer activities. However, as a consequence of the pandemic, the capacity
for individualized monitoring diminished, resulting in less-than-ideal attainment of the anticipated technical
proficiencies in programming courses. This circumstance has posed a formidable challenge for instructors in
verifying the genuine engagement and practice of programming materials by students [9].

In programming courses, practical exercises are typically carried out on individual devices, each of
which may have unique conditions and setups. This variation creates challenges in ensuring students are
accurately applying programming concepts from instructional materials. Some students face resource
limitations that hinder their progress in learning programming. Additionally, instructors struggle with the
demanding task of monitoring each student’s device to confirm active engagement with the material [10].
Group assignments add further complexity, as coordinating and tracking each team member's contributions
can be challenging

Scrum is a widely adopted project management framework valued across industries for its
collaborative and iterative approach. It centers on regular planning, execution, and review cycles known as
sprints, promoting effective communication, adaptability, and transparency within teams [11]. When used to
develop a Project-Based Learning Management Application (PBLMA), Scrum greatly aids in creating a
robust tool for educators. By breaking the development process into manageable sprints, stakeholders can
iteratively refine and adjust the application to meet shifting educational demands. Scrum’s focus on teamwork
and self-organization enables developers to collaborate closely with educators, ensuring the PBLMA aligns
with educational goals. The iterative nature of Scrum allows for continuous improvement based on user
feedback, keeping the application responsive to the dynamic needs of project-based learning. In summary,
Scrum can play a crucial role in effectively developing and maintaining a PBLMA that enriches teaching and
learning experiences [12].

To address these challenges, the PBLMA aims to enhance student engagement, streamline group
project coordination, and improve progress monitoring. Scrum’s structured cycles, or sprints, enable the
development of adaptive, user-focused software by fostering teamwork, transparency, and continuous
improvement. This case study explores how Scrum can streamline PBLMA development to enhance
educational efficiency, focusing on its iterative processes, stakeholder collaboration, and potential for
incorporating sprint retrospectives to refine the application.

The research question guiding this study is: How can the Scrum methodology be applied to develop
a PBLMA that improves student engagement, group collaboration, and progress monitoring in programming
courses? Additionally, this study evaluates the application’s educational impact through user feedback and
performance metrics, offering insights for its generalizability to other academic contexts.

II. THEORETICAL FOUNDATION

Extensive prior research has shown that the Scrum framework has been successfully integrated into
educational settings and holds promising potential to support instructional processes [13], [14]. At its core,
Scrum is a collection of methodologies designed for effective problem-solving. It is grounded in the Agile
approach, which consists of various methods and practices based on the values and principles outlined in the
Agile Manifesto [15]. Key features of Scrum include teamwork, team self-organization, and the use of cross-
functional teams, making it particularly suitable for application in the educational structure of computer
programming courses [16].
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2.1. Scrum Framework
Scrum is a structured methodology or framework for the development of complex products. Scrum

employs a phased and iterative approach to optimize predictive capabilities and control risks. Transparency,

inspection, and adaptation are the three pillars that support each implementation of the empirical control

process [17].

1) Transparency: A significant aspect of a process that is visible to all individuals responsible for its
outcomes.

2) Inspection: Scrum practitioners should regularly review Scrum artifacts and monitor progress toward
sprint goals to identify any unforeseen deviations in outcomes. However, inspections should not be so
frequent that they disrupt the workflow or impede productivity.

3) Adaptation: If there are deviations in the process that render the product unacceptable, the process must
be altered promptly to minimize the widening deviations.

2.2. Scrum Roles

In the Scrum methodology, there are three essential roles [17]:

1) Product Owner — This individual is responsible for consistently communicating the product's vision and
priorities with the development team to optimize the business value of the product being developed.

2) Scrum Master — Serving as a facilitator for both the Product Owner and the development team, which
comprises developers and Quality Assurance testers, the Scrum Master does not hold direct management
authority over the team. Instead, they support the team by removing obstacles and aiding them in
achieving their objectives. Additionally, the Scrum Master provides guidance to the Product Owner on
how to optimize the team’s Return on Investment (ROI).

4) Development Team (or Scrum Team) — This team is accountable for the technical execution of the
project and typically consists of around five to nine members.

III. RESEARCH METHODS

This study employs the Scrum methodology, an Agile framework designed for iterative and
collaborative product development, to create a web-based PBLMA for programming courses at Surabaya
State University. The development process spans eight weeks within a six-month research timeline, allowing
for iterative refinements aligned with Agile principles. The methodology emphasizes transparency,
inspection, and adaptation, supported by defined roles and processes.

3.1. Scrum Process

The general overview of the Scrum process [18] as illustrated in Figure 1:

1) User Story — This provides a detailed description of system requirements in language that is easy
for end users to understand. User stories serve as a foundation for creating the product backlog.
2) Product Backlog — This is a comprehensive list detailing all elements required for the system or

product. It includes features to be developed along with estimated completion times. The Product
Backlog is regularly updated throughout development to ensure a functional product.
Management of the Product Backlog is solely the responsibility of the Product Owner.

3) Sprint — This is a time-boxed cycle lasting one month or less, with a fixed duration that remains
consistent throughout the development phase. Each sprint is aimed at achieving a specific goal
(Sprint Goal).

4) Sprint Backlog — This is a collection of items from the Product Backlog chosen by the Scrum
team for a given sprint. During the sprint, the team selects several items and identifies the
necessary tasks based on user stories to complete them.
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5) Daily Scrum — This daily meeting within the sprint allows the Scrum team to review completed
work, upcoming tasks, and any obstacles hindering progress. The Daily Scrum helps the team
monitor product advancement and work towards the Sprint Goal.

e

S iy

Input from End-User ScrumMaster

Product Owner Team

" 1 % \ ——
\ Team Selects
| \ How Much To
} / Commit To Do /
=1 By Sprimts End
i ' {
\\ {
o 3
1

Review

o Changes

N

Sprint Planning Sprint It

Meeting Backlog

Product Retrospective
Backlog

Figure 1. The Scrum development process [19]

3.2. Development Approach
The PBLMA development followed a structured Scrum process:

User Story Collection: Identified requirements for admins, students, and lecturers (Table 1).

Product Backlog Creation: Defined and prioritized features based on user stories (Table 2).

Sprint Planning: Allocated tasks and estimated effort for four sprints (Table 3).

Sprint Execution: Developed features in 10-day sprints, with daily scrums to monitor progress.
Sprint Review and Retrospective: Evaluated deliverables and reflected on process improvements after
each sprint.

6. Testing: Validated functionality to ensure alignment with requirements (Table 10).

A e

The development team consisted of five members, including developers and a quality assurance tester, guided
by a Scrum Master and Product Owner. Sprint retrospectives were introduced to gather feedback and refine
processes, ensuring the PBLMA met educational needs.

IV.  ANALYSIS AND DESIGN RESULTS

4.1. User Story

A User Story outlines the people who will interact with the system, detailing their tasks, roles, and goals.
This information is crucial, as the compilation of user stories forms the groundwork for the following stages
of system development. Table 1 summarizes the key user stories.
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Table 1. User Story

Roles Task Purpose
. Create and manage lecturer and student accounts (CRUD
Admin  Manage accounts .
operations).
Register and access the Register initially and access the PBLMA.
application
Student  Join classes Submit requests to join relevant classes.
Work on group projects Collaborate on semester-long projects with assigned group
members.
Approve class participation Approve student requests to join classes.
requests
Lecturer Monitor student project Track project updates submitted by students.
progress
Assess project activities Evaluate student contributions at the semester’s end.
4.2. Product Backlog

The Product Backlog is the initial step in developing a system using the Scrum framework. At this stage,
several elements are established, including business processes, actors, business activities, and the system
structure. The product backlog prioritized features based on user stories and educational requirements, as
shown in Table 2.

Table 2. Product Backlog

No. Item Priority
1.  Manage accounts Low
2. Student registration Medium
3. Approval to join class Medium
4.  Manage projects High
5. Manage groups High
6.  Project initiation Low
7. Update project progress  High
8. Monitor project progress Medium
9.  Assess the final project  High

4.3. Sprint Planning and Execution

Four sprints were planned, each lasting 10 days, with tasks assigned based on priority and estimated effort
(Table 3). Sprint backlogs (Tables 4—7) detailed tasks and timelines, while daily scrums ensured alignment.
The burndown chart (Figure 2) tracks progress, showing faster-than-expected completion in early sprints but
delays on day seven due to technical challenges. All tasks were completed by the end of each sprint.

Table 3. Sprint Planning
Actor Sprint Planning Estimation (point)
Login
Dashboard
Manage lecturer accounts
Manage student accounts
Login
Dashboard
View class
Request class participation

Admin

Student

—_— N R =AW W
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Actor Sprint Planning

Estimation (point)

Start project
Update project
Prepare proposals
Complete project
View grade

Login

Dashboard

Approve student requests
Manage classes

Manage group

Manage project

View final project

Grade project

Lecturer

W N DN WL WRFRIWRAOVEWIN

4.4. Sprint Backlog

In the sprint backlog, a list of features from the product backlog and sprint planning is compiled for the
programmer to work on, as shown in Table 4, Table 5, Table 6, and Table 7. Once a feature from the sprint
planning is completed, the remaining features will be addressed in the subsequent sprint.

Table 4. Sprint Backlog 1

Estimation (day)

Task

1 23 456 7 89 10

Dashboard student v v v v
vV Vv

View class
Request join class
Start project
Update project
Finish project

vV Vv

Vv vV V

VvV V vV V

Table 5. Sprint Backlog 2

Estimation (day)

Task 11 12 13 14 15 16 17 18 19 20
Dashboard lecturer v v v
Manage class vV V. VvV VvV V
Approve student vV v
Manage group vV VvV Vv
Manage project V V. V VvV V¥

Table 6. Sprint Backlog 3

Estimation (day)

Task 21 22 23 24 25 26 27 28 29 30
Dashboard admin v v v
Manage lecturer vV Vv Vv
Manage student V vV VvV Vv
View final project vV v
Grade final project vV VvV Vv
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Estimation (day)

Task

21 22 23 24 25 26 27 28 29 30

Dashboard admin

vV VvV Vv

Manage lecturer vV VvV vV

Manage student vV VvV Vv
View final project vV Vv

Grade final project

4.5. Daily Scrum

During the sprint, there is one meeting that is always held by team members, namely the Daily Scrum. This
stage aims to synchronize the work that has been done by the developer. The team discussed the progress of
work on sprints that had previously been completed and those that had begun work by updating the burndown

graph as shown in Figure 6.

Table 8. Sprint Estimation

Feature Initial Estimate | 2 3 ‘\:Veelg 6 7 8 Hours Left

Admin 11 0000 73100

Student 25 8 8 00 00 3 60

Lecturer 24 00 8 10 051 00

Table 9. Sprint Burndown
. Week
Setting Start 1 5 3 4 5 6 7 3

Planned Hours 75 75 75 75 75 75 7,5 7,5
Actual Hours 8 8 8 10 7 8 5 6
Remaining Effort 60 52 44 36 26 19 11 6 O
Ideal Burndown 60 52,5 45 37,5 30 225 15 7,5 0

Project-Based Learning Management Application (PBLMA),

20

o 4. J J
Start Weak 1 Waak 2 Waeek 3
B rlanned Hours Actual Hours

=R R

ak 4

We
M Remaining Effort

Figure 2. Burndown Chart PBLMA
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The burndown graph in Figure 2 is an illustration of the estimated number of feature works that have
been planned by the team with the number of features completed in one sprint, namely 10 days. In sprint 1
to 4 there are from 5 up to 6 estimates of feature work that must be completed in hours. As seen in the graph,
the team worked on the required features much faster from the initial planning on the third day to the fifth
day. However, on the seventh day there were several obstacles in working on the feature so that the work
was slower than the predetermined estimate. Even so, on the last day of the sprint the team was able to
complete all the existing features so that there was no other work left for the next sprint.

4.6. Sprint Review Outcomes

Each sprint produced functional components of the PBLMA, demonstrated during sprint reviews:
e Sprint 1: Student dashboard and class management features (Figure 3).
e Sprint 2: Lecturer class management page (Figure 4).
e Sprint 3: Grade management page (Figure 5).
e Sprint 4: Login interface (Figure 6).

unesa scrum 9
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Figure 3. Student Dashboard (Sprint 1)

1]
jo)

Q

Course Class

Add New Course Class

Figure 4. Lecturer’s class page (Sprint 2)
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4.7. Application Testing and User Impact
Testing validated functionality with 50 students and 10 lecturers, ensuring alignment with requirements. User
feedback was collected via surveys post-deployment, assessing usability, engagement, and educational
impact. Results showed a 25% increase in student engagement (based on self-reported motivation and
interaction frequency) and a 30% improvement in project completion rates compared to traditional methods.
Table 10 summarizes functional testing, while Table 11 presents user feedback metrics.

Table 10. Application Testing Results

to UNESA Scrum!
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Figure 5. Grade page (Sprint 3)

Figure 6. Login page (Sprint 4)
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No Objective Input Qutput Status
1 Student registration Student data System stores and creates new Success
accounts.
2 Instructor manages class data  Instructor manages System stores and displays class ~ Success
class data data
3 Instructor manages project Project and group System stores and displays Success
and group data data. project and group data
4 Students manage task and Task and activity System stores and displays task Success
activity data data. data
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No Objective Input QOutput Status

5 Instructors monitor activity None System displays activity reports Success
data

6  Instructors enter student Grade data. System stores and displays grade  Success
grades data

Table 11. Application Testing Results

Metric Result Details

Usability (1-5 scale) 4.2 (Students), 4.5 Users found the interface intuitive and easy to
(Lecturers) navigate.

Engagement 25% increase Students reported higher motivation and interaction
Improvement with course materials.
Project Completion 30% improvement Compared to prior semesters without PBLMA, based
Rate on lecturer records.
Satisfaction (1-5 4.3 (Students), 4.6 High satisfaction with progress tracking and group
scale) (Lecturers) collaboration features.

V. CONCLUSIONS AND SUGGESTIONS

5.1 Conclusion

This study successfully applied the Scrum methodology to develop a Project-Based Learning
Management Application (PBLMA) for programming courses at Surabaya State University. Scrum’s
iterative sprints, collaborative roles, and focus on transparency and adaptation enabled the creation of a user-
centered tool that significantly enhanced educational outcomes. User testing with 50 students and 10 lecturers
confirmed a 25% increase in student engagement and a 30% improvement in project completion rates,
validating the application’s efficacy. Sprint retrospectives fostered continuous improvement, addressing
technical and user-related challenges. The PBLMA’s features, including real-time progress tracking and
group management, effectively tackled remote learning challenges and resource disparities. These findings
underscore Scrum’s potential as a robust framework for educational software development, with
generalizable applications across diverse academic contexts, such as other technical disciplines or institutions
with similar challenges.

5.2 Suggestion

The Scrum methodology proved effective in developing the PBLMA, delivering functional
components incrementally and incorporating user feedback through sprint retrospectives. The burndown
chart (Figure 2) indicates efficient task completion, with minor delays on day seven due to integration
challenges, resolved by sprint’s end. User feedback (Table 11) highlights the application’s positive impact
on engagement and project outcomes, but long-term studies are needed to assess scalability and sustained
educational benefits.

To enhance generalizability, future iterations should involve multi-institutional pilots to validate the
PBLMA’s effectiveness across diverse settings. Structured sprint retrospectives using frameworks like “What
Went Well, What Didn’t, What to Improve” can further optimize development processes. Incorporating data-
driven feedback tools (e.g., analytics dashboards) could provide deeper insights into user behavior and
application impact. Finally, expanding the PBLMA to support additional programming languages or
interdisciplinary projects could broaden its educational applicability.
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