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Implementing a Version Control Platform as an Interactive Educational
Framework for Bioinformatics and Artificial Intelligence in Medicine

Abstract

Background: Complex fields such as bioinformatics and artificial intelligence (AI) in medicine
depend on big data and advanced computational tools. Consequently, they require structured platforms
that enable collaborative development and academic capabilities. This report aims to demonstrate
the pedagogical value of a version control system in an academic setting by deploying a dedicated
local server for teaching Al in the field of medical sciences and developing bioinformatics software
tools. Methods: We implemented a web-based, self-hosted platform for managing educational
courses and developing Al-driven bioinformatics tools. This platform is based on the Git ecosystem
as a decentralized version control system which facilitates collaboration among distributed teams.
Results: The implemented platform enables comprehensive repository management and secure
user access control, providing an integrated collaborative environment. It also supports educational
activities, including course definition, sharing of teaching materials, and assignment submission.
Within this framework, students and instructors can effectively coordinate tasks and store detailed
project documentation throughout all stages of tool development. As a practical example, a new
bioinformatics software package was successfully developed using this platform, demonstrating the
system’s effectiveness in supporting both educational and research-oriented software development.
Conclusion: Our platform provides a secure and scalable environment for teaching and research in
bioinformatics and Al in medicine. It provides advanced collaboration features that support learning
activities and the development of computational tools, essential for improving both educational
and research outcomes. We recommend its use in academic and research settings to strengthen the
required skills and practices for advances in medicine and biology.
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interactive  visualization, and
instructions.[®

Introduction adaptive

Bioinformatics is a complex and rapidly
evolving field that inherently deals with big
data, ranging from genomic sequences and
protein structures to imaging information,
and requires the use of diverse file formats
and specialized analytical tools.[! Moreover,
each subdiscipline often depends on its own
specific software. Such tools are typically
developed by research teams worldwide,
highlighting the ongoing need for platforms
that support collaborative development
and coordination.*?]  Similarly, artificial
intelligence (Al) in medicine has become
indispensable both for medical practice and
for educational purposes.*! Al-driven tools
enhance learning by enabling automation,

Given the complexity and interdisciplinary
nature of AI and biomedical sciences,
education and tool development in these
fields require a robust infrastructure that
supports  collaboration,  reproducibility,
and version control.”? In the absence of
such platforms, researchers and students
often rely on informal or nonstandardized
tools such as E-mails, instant messaging
applications, social media, or general-
purpose file-sharing services. While these
tools offer convenience, they are not
designed for scientific workflows and
pose significant risks including reduced
reproducibility and loss of version history.

To address this gap, implementing a
version control system could provide a
critical solution. Such a system enables
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precise tracking of code evolution, facilitates effective
collaboration among distributed teams, and ensures
that every modification is documented and reversible.®
Moreover, when integrated within an interactive educational
framework, a version control platform not only promotes
good scientific practice but also serves as a powerful
educational tool, helping students and researchers to
experience effective teamwork and to develop reproducible,
collaborative, and transparent workflows in medical
research.”

Version control systems have become fundamental tools
in computational research and collaborative development
environments in the recent years.'%!'l Among them, Git is
the most widely adopted, primarily due to its flexibility,
decentralized architecture, and open-source nature.!'!3 This
technology was originally designed to support software
development, and its distributed architecture allows each
user to maintain a complete local copy of the repository,
perform the assigned tasks, and subsequently integrate
changes into the central application. Over the past
decade, Git has evolved beyond its initial scope and now
serves as a foundational tool for scientific collaboration
and reproducible research.l'! Its primary strength lies in
providing a structured framework for progress tracking and
workflow transparency.!’! These features are essential in
fields such as medical sciences and bioinformatics, where
large datasets, iterative code development, and multi-
institutional collaboration are common.

Despite its potential, integration of this technology into
formal educational frameworks in medical science has
received limited attention.'” In educational settings,
particularly AI in medicine and computational biology,
Git offers a unique framework for engaging students and
researchers in structured collaborative assignments.®
Teaching Al and data science requires students to work on
iterative, code-based projects that evolve rapidly. Hence,
its principles of branching, merging, and version tracking
mirror the iterative learning and research processes inherent
in scientific discovery. Moreover, Git repositories allow for
continuous integration and feedback, which can be crucial
for effective supervision and learning. Instructors can track
student progress, identify challenges, and provide precise
feedback on specific code segments.'”! Git repositories
not only store code but also serve as a backbone for
documenting experiments, model updates, and data
preprocessing workflows. Similarly, bioinformatics requires
robust collaboration frameworks because it is a domain
characterized by computational complexity and data-driven
discovery. Therefore, Git helps maintain consistency across
evolving analytical pipelines and facilitates integration
across heterogeneous teams and institutions. In this project,
we demonstrate how Git, when deployed on localized
infrastructure, can be used as an effective and pedagogically
valuable platform for education and tool development in
bioinformatics and Al in medicine.

Materials and Methods
Server computer specifications

A dedicated local server environment was configured to
host our version control system. The server was equipped
with 2 terabytes of storage capacity, 64 gigabytes of
random-access memory (RAM), and an Intel Xeon CPU
architecture. Additional technical specifications included
Ubuntu Server 22.04 LTS as the operating system and
network configuration supporting both intranet and
controlled external access. For data protection, weekly
incremental backups were performed, and user access
was restricted through firewall configuration. The server
was managed using Apache 2, and secure shell was
employed for administrative access, ensuring encrypted
communication and secure remote management. This setup
provided a reliable, secure, and reproducible environment
for collaborative development and educational activities
within the project.

Deployment of version control system

In this project, we selected Gitea (version 1.24.0)!'% as the
version control platform due to its open-source licensing,
active community support, and flexible deployment
capabilities. To ensure full autonomy, strong data privacy,
and independence from external service providers,
Gitea enables institutions to host their own instances.
This capability was particularly critical for our project
and enabled us to operate within secure institutional
infrastructures while maintaining compatibility with
standard  Git-based workflows. Additionally, Gitea
provides a user-friendly web-based graphical interface,
which simplifies Git procedures such as repository and
user management. It also supports issue tracking, pull
requests (PRs), and code reviews. Together, these tools
assist users with limited command-line Git proficiency.

We utilized Gitea as a platform to facilitate structured
educational activities focused on teaching bioinformatics
and Al courses. Within the system, we created a dedicated
repository to host all course materials. Sessions were
organized as folders. User accounts were defined for
students and instructors, enabling controlled access and
collaborative engagement. Educational content including
datasets, scripts, and instructional documents was uploaded
to the repository. Figure 1 illustrates the overall workflow of
the Git server, highlighting key processes and interactions.

Conducting a case study

As a case study, we used it for the development of a
new R package. The platform enabled the team to define
project objectives, track code versions, manage issues,
and coordinate collaborative contributions efficiently. This
demonstrates the versatility of Git platforms such as Gitea
in supporting both skill development and practical scientific
collaboration.
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Figure 1: Git server workflow and version control process

Results

We established a version control system using the Gitea
platform. The system was integrated into the student
curriculum, serving as a supporting tool for teaching-
related bioinformatics and Al in medicine courses. This
infrastructure provides a unified, interactive environment
for  student-instructor =~ communication,  assignment
submission, and learning. Instructors are able to monitor
progress in real time and provide precise feedback via
posted comments. Table 1 presents a comparative overview
of the primary challenges encountered in bioinformatics and
Al tool development and education, alongside the benefits
of using a self-hosted Git system for these purposes. It
outlines the key obstacles that educators and students may
face, as well as the advantages this approach offers in these
specialized fields.

Setting up repositories and user roles

The development process begins with the creation of a
central repository on the Git server by the lead developer.
This repository serves as the primary host for the software
application’s source code, which supports both collaborative
development and educational use. The initial codebase,
containing the first version of the software package, is
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transferred to the remote repository using standard Git
functions (“add,” “commit,” and “push”). This process can
be repeated for additional projects, and each is hosted in a
separate repository.

User accounts were subsequently generated for developers
and supervisors using the Git server’s access control
features. Developers were granted read/write permissions
to enable code contributions, and supervisors were granted
administrative privileges, including the ability to approve
merges and manage issues. This role-based access control
aligns with established practices in distributed version

control systems and supports collaborative software
engineering.
Student workflow: Forking, cloning, editing, and

updating

Contributors or students first fork the central repository
to their personal Git dashboards, in order to create an
independent copy of the project. This method provides a
safe environment for software development and exploring
educational content without impacting the central repository.
Developers can then clone their forked repositories locally
to perform task-specific modifications, such as implementing
features or resolving bugs.
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Table 1: Comparative overview of current challenges and benefits of a self-hosted version control system for teaching

bioinformatics and artificial intelligence in medicine

Current challenge

How Git helps

Drawbacks if not used

Fragmented and untracked code versions
among students and supervisors

Limited collaboration and
communication in team projects

Lack of structured system for defining
and managing course projects
Educational materials scattered across
multiple platforms

Manual or inefficient homework
submission and grading

Limited or delayed feedback to students

Lack of practical training in professional
workflows

Poor integration between education and
research development

Dependency on Internet-based
commercial platforms

Centralized version control ensures traceability,
version tracking, and reproducibility

Supports distributed development, issue tracking,
and real-time supervision

Courses and repositories can be defined as structured
projects with milestones and student groups

Shared repositories store lecture notes, datasets, and
examples with version history

Students submit assignments via repositories;
instructors review, comment, and grade via PRs
Inline comments, issues, and PRs enable immediate,
contextual feedback

Integrates Git-based learning directly into
curriculum, teaching version control, documentation,
and collaboration

Provides a unified, interactive platform for teaching,
coding, and collaborative tool development

Local hosting allows optimal security and continued
work during Internet outages

Loss of code integrity, data
redundancy, and irreproducible
results

Inefficient teamwork and lack of
accountability

Uncoordinated course delivery and
poor project organization
Outdated or inconsistent teaching
materials

Increased administrative workload
and reduced feedback quality
Delayed feedback prevents timely
corrections

Students miss essential skills for
reproducible, team-based science

Disconnected learning experience and
missed research-training synergy
Security breach and project
disruptions during network or service

downtime

PRs: Pull requests

Upon completing their changes, developers push
updates to their remote forked repositories. To propose
integration into the central repository, they should
submit PRs through the Git platform’s interface. Each
PR encapsulates a set of specific changes and facilitates
structured code review. This workflow supports a
modular and task-oriented development approach,
allowing each component of the project to be built,
tested, and refined independently. It also reinforces
key educational objectives by encouraging students to
maintain clear and well-documented commit histories.
Ultimately, the workflow is designed to promote good
software engineering habits and adherence to established
best practices as intended learning outcomes.

Instructor workflow: Monitoring, review, feedback, and
task management

Supervisors also fork and clone the central repository to
maintain local control of the project. They can monitor
ongoing developments by periodically pulling changes
and reviewing developer contributions. Code reviews are
conducted primarily via PRs, where supervisors examine
code differences and provide inline feedback or suggest
improvements. Approved contributions are merged into
the main branch. In addition, supervisors manage project
progress and task assignments through the platform’s
integrated tracking system. Overall, this approach enables
efficient management of students and developers through
structured task assignment and continuous progress
monitoring.

4

Educational integration

In an educational perspective, Gitea can be incorporated
into the curriculum in two complementary ways. First, it
can be used for independent learning of Git technology.
Students participate in a dedicated course on version
control, learning Git fundamentals such as committing
changes, branching, merging, and resolving conflicts. This
training provides practical skills applicable to future team
projects and collaborative workflows.

Second, it can be integrated with other courses. In this
context, Gitea serves as a repository for educational
materials, allowing students to explore shared resources,
submit assignments, receive feedback, and complete
exercises or homework directly within the platform. This
approach promotes interactive learning and enhances
communication between students and instructors.

A case study

The platform was also employed in the development of a
bioinformatics R package, SNPannotator, from initial planning
and coding to testing and documentation. The structured
repository  facilitated collaborative code development,
feature integration, and version tracking in a team context.
The resulting package provides a practical framework for
efficiently deriving biologically meaningful insights from
genome-wide association study data and for prioritizing
candidate variants for functional validation. This software
package is published on the CRAN repository!'” and has been
used in multiple published studies.?*?!) A Shiny web interface
was also developed for this package using the same platform.
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Discussion

We implemented a self-hosted Git instance to provide an
infrastructure that supports both educational functionalities
and software development in bioinformatics and Al in
medicine. The distributed architecture of the platform
ensures robust version control and allows students to
collaborate in real time. Each student can experiment in
their own branch and review others’ contributions, making
the system an effective tool for teaching and learning
software development through teamwork.??

Bioinformatics and Al in medicine are highly
computational fields that rely on advanced tools and data-
driven analysis. As these disciplines continue to evolve,
the development of innovative and efficient software tools
has become increasingly essential for new discoveries.!
Achieving these goals requires sophisticated infrastructure
to support team collaboration and software development
from planning and coding to testing and deployment.?*
Version control systems effectively meet these needs by
providing a structured framework for collaborative and
reproducible software development across the entire
lifecycle.” In addition, they can serve as educational
platforms by providing teaching materials and facilitating
mentorship.2627]

Git is currently the most popular version control system.
Several tools such as GitHub,?® GitLab,?! Bitbucket,?"
and Gitea are built over this infrastructure, each offering
specific features and deployment options. Gitea is a
free open-source solution that combines a lightweight
design with a user-friendly interface. It provides essential
features for version control, collaboration, and project
management.*!! These characteristics make it particularly
well-suited for educational and research purposes.
Importantly, Gitea repositories can be exported or migrated
to other Git-based solutions such as GitLab if needed.

Therefore, for this study, we selected Gitea. This platform
provides a powerful feature to track every change made to
a project, including timestamps, comments, and authorship
details. This enables users to easily trace the evolution
of the code, revert to previous versions if necessary, and
understand the rationale behind each modification. Without
such version control, the historical context of changes and
the evolution of the project would be lost.*?! Another key
advantage of this approach is that it provides standardized
methods for sharing, reviewing, and merging code across
distributed teams. Git promotes transparency, consistency,
and efficient collaboration through its robust version control
and integration tools.5

It is important to highlight that integrating Git into the
bioinformatics and Al curriculum will expose students to
modern research workflows and collaborative tools used
in professional environments. Through this experience,
students will develop proficiency in fundamental skills that
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are essential for scientific research.** Moreover, previous
reports indicate that incorporating Git into syllabus can
significantly enhance student engagement and interaction
with their studies.’ Studies further highlight that both
students and instructors express overall satisfaction
with the inclusion of this technology in coursework.
For instance, one study found that 75% of students were
satisfled with using GitHub and requested its continued
use in future semesters.*! Another study reported that only
20% of students found the technology difficult to use, and
around 80% stated that they would likely use it again in
the future.®” Although some students initially struggle to
understand or adapt to the various features of Git platforms,
these challenges are often resolved through dedicated
tutorials early in the semester.’8 Likewise, instructors may
experience difficulties adjusting to the new environment
and its features and may benefit from additional support
and training to ensure effective integration. The visual
interface of the platform facilitates the learning curve for
users with differing levels of technical proficiency.

It is also shown that using version control systems in
university writing assessments provides a structured
and transparent way to evaluate students’ efforts. This
approach breaks assignments into multiple milestones, with
version control tracking each edit through timestamps and
comments. This enables instructors to quantitatively assess
writing progress over time and detect potential cheating or
ghostwriting.”

Our experience demonstrates that Git-based supervision
enhances mentorship quality. Instructors can monitor
student progress, review commits, and provide contextual
feedback in real time, which aligns with best practices in
open science and reproducible research training. Hosting
Git locally also ensured full control over repositories,
which is aligned with institutional privacy policies. This
setup reduces reliance on external platforms and eliminates
the risks associated with service availability or data-sharing
restrictions. More importantly, it enables uninterrupted
scientific work during Internet outages.

As science becomes more data-driven and interdisciplinary,
version control platforms, such as Git-based tools, can
help coordinate work across computational biology, Al,
and data science. They support the Findable, Accessible,
Interoperable, and Reusable principles™®” and help ensure
that scientific workflows remain transparent, reproducible,
and easily shareable for collaborative research and
education.”!! Our results suggest that Git-based technology
should be encouraged in medical research institutions and
graduate programs to enhance training and collaboration.
Moreover, by demonstrating a practical implementation
and highlighting the pedagogical value of a self-hosted Git
server, this study provides both the rationale and platform
for future sophisticated medical education research.
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Conclusion

This study demonstrates that deploying a self-hosted
Git instance provides a robust and secure framework for
teaching bioinformatics and Al in medicine. By integrating
Git into teaching and software development, we created a
sustainable model that supports reproducibility, transparency,
and collaborative learning. We recommend broader adoption
of such platforms in bioinformatics and Al in medicine to
enhance both research and educational outcomes.
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