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Abstract

The management and evaluation of student software projects in academic institutions face significant
challenges stemming from fragmented workflows, inadequate progress monitoring, and labor-intensive
manual  assessment  procedures.  This  paper  presents  “GiteaForge,”  a  comprehensive  framework  that
integrates  self-hosted version control  with  automated evaluation capabilities  through a  unified web
portal. Built on the PERN (PostgreSQL, Express.js, React, Node.js) stack and integrated with Gitea server,
the system provides real-time progress tracking via Git webhooks, automated repository provisioning,
browser-based code editing through Monaco Editor, and one-click execution via dynamically generated
environment  scripts.  A  systematic  analysis  of  40+  existing  solutions  identifies  critical  gaps  in  data
sovereignty, workflow integration, and execution automation. The proposed framework addresses these
limitations through a novel five-layer architecture implementing role-based access control,  webhook-
driven analytics, and containerized deployment. Preliminary evaluation with 15 participants suggests a
potential reduction of up to 70–85% in assessment preparation time, indicates a possible improvement
of ≈95% in progress visibility based on initial observations, and successful deployment on resource-
constrained  infrastructure.  The  framework  contributes  both  theoretical  foundations  through  the
Academic Project Management Capability Framework (APMCF) and practical system integration steps
for institutions seeking regulatory-compliant, self-hosted project management solutions. The system is
currently under active development, and results are based on a prototype implementation and limited-
scale evaluation.

Keywords: academic project management; version control systems; automated assessment; self-hosted
infrastructure; PERN stack; DevOps education; Git webhooks; educational technology framework

1 Introduction

Contemporary  computer  science  education  increasingly  emphasizes  project-based  learning  as  a
fundamental pedagogical approach for developing practical software engineering competencies  [1], 
[2]. This shift reflects industry demands for graduates possessing hands-on experience with modern
development workflows, collaborative coding practices,  and professional tooling  [3].  However, the
proliferation of sophisticated student projects incorporating diverse technology stacks, containerized
environments, and distributed version control has generated corresponding increases in supervisory
complexity and assessment overhead for instructors [4], [5].

1.1 Context and background

Educational  institutions  face  mounting  pressure  to  provide  authentic  software  development
experiences while maintaining efficient assessment processes at scale [6]. Traditional approaches re-
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lying on manual code submission, local environment configuration, and sequential project evaluation
create bottlenecks that limit course enrollment and compromise feedback timeliness  [7]. Simultan-
eously,  regulatory  frameworks  including  FERPA (Family  Educational  Rights  and Privacy  Act)  and
GDPR  (General  Data  Protection  Regulation)  impose  stringent  requirements  on  educational  data
handling, complicating adoption of cloud-based solutions [8], [9].

1.2 Problem identification

Analysis of current academic project management practices reveals five fundamental challenges: P1:
Workflow  Fragmentation. Existing  systems  maintain  separation  between  learning  management
functions  (enrollment,  grading,  deadlines)  and  development  activities  (commits,  branches,  code
review),  necessitating manual  data synchronization across disconnected platforms  [10],  [11].  P2:
Data Sovereignty Concerns. Commercial cloud platforms cannot consistently satisfy institutional
requirements  for  data  residency  and  regulatory  compliance,  yet  self-hosted  alternatives  lack
educational-specific functionality [9], [14]. P3: Assessment Automation Gaps. Current tools termin-
ate  functionality  at  code  hosting,  providing  insufficient  support  for  automated  environment
preparation across heterogeneous technology stacks and operating systems [12], [13]. P4: Progress
Visibility Limitations. Instructors lack comprehensive real-time visibility into student development
patterns, impeding timely intervention for struggling students [15], [16]. P5: Resource Inefficiency.
Many existing solutions require substantial computational resources, limiting deployment options for
resource-constrained institutions [26].

1.3 Research objectives

This research addresses the identified challenges through development of an integrated framework
achieving the following objectives:

O1: Design  a  unified  architecture  synthesizing  academic  metadata  with  version  control
operations through standardized integration patterns. 

O2: Implement self-hosted infrastructure ensuring institutional data sovereignty and regulatory
compliance. 

O3: Develop  automated  execution  capabilities  through  intelligent  project  type  detection  and
script generation. 

O4: Enable  real-time  progress  monitoring  via  webhook-driven  analytics  and  commit-level
granularity. 

O5: Validate  framework  effectiveness  through  quantitative  evaluation  of  efficiency  gains  and
usability metrics. 

1.4 Research contributions

This work contributes to the educational technology domain through:

Theoretical  Foundation: The Academic  Project  Management  Capability  Framework (APMCF)
synthesizing requirements across stakeholder categories and technological dimensions. 

Architectural  Innovation: A  five-layer  integration  architecture  indicating  unified  academic-
development workflows without cloud dependencies. 

Implementation  Artifacts: Open-source  reference  implementation  with  comprehensive
documentation enabling institutional adoption. 

• 

• 

• 

• 

• 

• 

• 

• 
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Preliminary Evaluation: Quantitative evaluation indicating potential efficiency improvements of
up  to  ≈70–  85%  observed  in  a  limited  evaluation  setting,  alongside  enhanced  pedagogical
outcomes. 

2 Literature review and conceptual framework

2.1 Dimension 1: Version control integration

2.1.1 Evolution of VCS in education

The  integration  of  version  control  systems  into  computer  science  curricula  has  evolved  from
centralized architectures  (CVS,  Subversion)  [17] to  distributed paradigms dominated by Git  [18]. 
Pedagogical  Benefits. Research  demonstrates  that  Git  adoption  correlates  with  improved  code
quality (+35%) [20], enhanced collaboration skills [21], and better understanding of software evolu-
tion [15].

2.1.2 Platform comparison

Table 1 synthesizes capabilities across major platforms. GitHub Classroom [23] provides automated
repository creation and GitHub Actions integration. GitLab Education [24] offers comprehensive CI/
CD  capabilities  with  self-hosting  options  [25].  Gitea  [27] presents  a  lightweight  alternative  with
60-70% reduced memory footprint compared to GitLab while maintaining essential Git functionality
[26].

Table 1. Version control platform capabilities matrix.

Capability GitHub GitLab Gitea Desired

Self-hosting × ✓ ✓ ✓

Education tier ✓ ✓ N/A ✓

Classroom management ✓ Partial × ✓

CI/CD native ✓ ✓ Partial ✓

Resource usage High High Low Low

API extensibility ✓ ✓ ✓ ✓

Webhook support ✓ ✓ ✓ ✓

LMS integration Partial Partial × ✓

2.2 Dimension 2: Assessment automation

2.2.1 Historical development

Automated assessment research spans six decades [28]. Ala-Mutka [13] established a taxonomy cat-
egorizing  systems  by  evaluation  methodology:  static  analysis,  dynamic  testing,  and  hybrid  ap-
proaches.

2.2.2 Contemporary frameworks

Table 2 compares prominent systems. Web-CAT [7] implements test-driven development philosophy,
suggesting 45% improvements in student testing practices  [30]. Submitty  [12] utilizes Docker con-
tainerization for isolated execution environments.

• 

Iconic Research and Engineering Journals Vol. 10, Issue 4, October 2026

ISSN 2456-8880 Paper ID: 1724317 | Page 3993



Table 2. Automated assessment system comparison.

System Static Dynamic Plagiarism VCS Active

Web-CAT [7] ✓ ✓ ✓ Partial ✓

Submitty [12] ✓ ✓ ✓ Partial ✓

Marmoset [31] Partial ✓ Partial × Partial

CodeWorkout [32] Partial ✓ × × ✓

MOSS [33] × × ✓ × ✓

GiteaForge ✓ ✓ Future ✓ ✓

2.3 Dimension 3: Learning management integration

Traditional  LMSs provide robust course administration but limited programming-specific  support
[35]. The Learning Tools Interoperability (LTI) standard [36] enables third-party tool integration.

2.4 Dimension 4: Infrastructure deployment

Incorporation  of  DevOps  principles  into  curricula  demonstrates  pedagogical  benefits  including
improved lifecycle understanding [41]. Research by Alario-Hoyos et al.  [38] indicates containerized
assessment showing potential for 95% consistency. De Roure et al. [45] indicate self-hosted research
platforms showing potential for feature parity with commercial alternatives.

2.5 Dimension 5: Security and privacy

FERPA and GDPR impose stringent requirements on educational data handling [8]. Security Imple-
mentation Patterns: OWASP Top Ten [47] provides frameworks for identifying vulnerabilities. Au-
thentication generally uses JWT-based approaches [48], and Authorization uses RBAC [50].

Table 3. Research gap analysis and GiteaForge positioning.

APMCF dimension Identified gaps Existing approaches GiteaForge contribution

VCS integration Repository-metadata separation;
limited multi-tech support

Fragmented tools (GitHub
+ LMS)

Unified architecture with
academic metadata

Assessment
automation

VCS disconnection; full-stack
limitation

Standalone graders (Web-
CAT)

Integrated execution with
dynamic detection

LMS integration No standard VCS patterns; poor
real-time visibility

Manual synchronization Webhook-driven progress
analytics

Infrastructure Operational complexity; resource
inefficiency

Cloud dependency or
heavy self-hosted

Lightweight containerized
deployment

Security & privacy Incomplete educational threat
models; token management

Generic web security
patterns

RBAC + webhook
authentication framework

3 Academic project management capability framework

3.1 Framework structure

APMCF organizes system capabilities across three layers as illustrated in Figure 1.
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Figure 1. APMCF three-layer capability structure.

3.2 Capability requirements matrix

Table 4 formalizes functional requirements mapped to stakeholder categories.

Table 4. Capability requirements by stakeholder.

Capability Student Professor Admin

Project creation Essential Monitor Config

Code repository access Essential Review Audit

Progress tracking View own View all Analytics

Automated execution Optional Essential Optional

Grade management View Essential Override

User management N/A Course Global

System configuration N/A N/A Essential
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4 Proposed methodology and system design

4.1 System architecture

GiteaForge  implements  a  five-layer  architecture  extending  traditional  three-tier  patterns  with
dedicated integration and security layers. Figure 2 illustrates the comprehensive system architecture,
carefully isolated to prevent operational bottlenecks.

Figure 2. GiteaForge five-layer system architecture.

4.2 Technology stack justification

Technology selections balance functional requirements with deployment constraints as documented
in Table 5.

Table 5. Technology stack rationale.

Component Selection Justification

Frontend React 18.2 Component reusability; Virtual DOM performance

Build tool Vite 5.x Fast HMR; optimized production builds

Backend Express 4.18 Lightweight; extensive middleware ecosystem

Runtime Node.js 20 LTS Event-driven I/O for webhooks; long-term support

Database PostgreSQL 16 Relational schema; JSONB support suits metadata

VCS Gitea 1.21 Self-hosted; low resource footprint (195 MB)
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Component Selection Justification

Editor Monaco 0.45 VS Code engine; 50+ language support

Container Docker 24.x Process isolation; consistent environments

4.3 Data model and persistence

The system implements a relational data model optimized for flexible metadata representation via
JSONB columns.

4.4 Implementation techniques

4.4.1 Webhook-driven progress monitoring

The  system  implements  asynchronous  webhook  processing  to  maintain  real-time  progress
synchronization. Algorithm 1 details the pipeline.

Algorithm 1. Enhanced webhook processing pipeline

Require: webhook payload P from Gitea

Ensure: updated progress records and notifications

1: Receive HTTP POST request with payload P

2: Extract signature S from X-Gitea-Signature header

3: if HMAC_SHA256(P, K_secret) ≠ S then

4:   return HTTP 401 Unauthorized

5: end if

6: Parse event type E from X-Gitea-Event

7: if E = 'push' then

8:   commits ← P.commits

9:   for c ∈ commits do

10:    Extract meta hash, author, timestamp

11:    Calculate Δlines = additions − deletions

12:    Detect file types T = {t1, t2, ..., tn}

13:    Create snapshot(c, Δlines, T)

14:    PostgreSQL.insert(snapshot)

15:  end for

16:  project ← findByRepo(P.repository)

17:  Update project.lastActivity ← now()

18:  Notify instructor via WebSocket

19:  Trigger analytics recalculation

20: end if

21: return HTTP 200 OK

4.4.2 Intelligent script generation

The automated execution subsystem employs pattern matching against project structure to generate
environment-specific setup scripts.

4.4.3 Security implementation

The  system  implements  defense-in-depth  security  spanning  authentication,  authorization,  and
execution isolation. Table 6 documents implemented controls.
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Table 6. Security controls implementation.

Layer Threat Mitigation

Auth Credential theft JWT RS256, 15 min expiry, refresh

Authz Privilege escalation RBAC with course scoping

Input Injection attacks Validation middleware, sanitization

Webhook Spoofing HMAC-SHA256 signature verification

Execution Code injection Docker isolation, resource limits

Comm MITM / fixation TLS 1.3, secure cookies

4.5 Deployment architecture

The containerized deployment enables reproducible infrastructure provisioning. Resource allocation
follows:  Frontend (256MB RAM),  Backend (512MB RAM),  PostgreSQL (1GB RAM),  Gitea  (512MB
RAM), Redis (256MB RAM). Total resource footprint: 2.5GB RAM, 2.75 CPU cores.

5 Evaluation methodology and results

5.1 Evaluation design

The evaluation employed mixed-methods combining quantitative performance metrics with qualitat-
ive usability assessment. Fifteen participants (10 students, 5 instructors) engaged with the system
over four weeks spanning two courses.

5.1.1 Performance metrics

Table 7 presents system performance measurements under representative load.

Table 7. System performance results.

Metric Target Measured Status

API Response (p50) < 100ms 45ms ✓

API Response (p95) < 500ms 187ms ✓

API Response (p99) < 1000ms 423ms ✓

Webhook Processing < 500ms 312ms ✓

Dashboard Load < 2s 1.4s ✓

Concurrent Users 500 650 ✓

Memory (Backend) < 512MB 380MB ✓

5.1.2 Efficiency comparison

Table 8 documents workflow efficiency gains. Results suggest substantial time savings observed in a
limited  evaluation  setting,  with  an  indicated  median  reduction  of  up  to  ≈85%  in  per-project
assessment preparation.
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Table 8. Detailed workflow efficiency analysis.

Activity Traditional GiteaForge Reduction N

Repo access 5–10 min < 30 s 90–95% 25

Env setup 15–30 min < 2 min 87–93% 25

Execution 5–15 min < 1 min 80–93% 25

Progress review 10–20 min < 3 min 70–85% 20

Grading prep 8–15 min < 2 min 75–87% 20

Total/project 43–90 min < 9 min 80–90% –

Total/30 projects 21–45 h < 4.5 h 79–90% –

N = number of observations; Traditional based on instructor self-report.

5.1.3 Platform capability comparison

Table 9 provides a comprehensive comparison of GiteaForge against existing platforms across infra-
structure, academic features, development tools, assessment capabilities, and security dimensions.

Table 9. Comprehensive platform capability comparison.

Capability GitHub

Classroom

GitLab

Edu

Bitbucket

Cloud

Gitea

(base)

GiteaForge (pro‐

posed)

Infrastructure

Self-hosted × ✓ × ✓ ✓

Resource footprint High High Medium Low Low

Single-binary deploy × × × ✓ ✓

Docker support ✓ ✓ ✓ ✓ ✓

Academic features

Classroom manage-
ment

✓ Partial × × ✓

Grade integration Partial × × × ✓

Deadline tracking Partial Partial × × ✓

Progress analytics Partial ✓ Partial × ✓

Student dashboards Partial Partial × × ✓

Development tools

Browser editing ✓ ✓ ✓ Basic ✓

CI/CD integration ✓ ✓ ✓ Partial ✓

Webhook support ✓ ✓ ✓ ✓ ✓

API extensibility ✓ ✓ ✓ ✓ ✓

Assessment

Auto execution × × × × ✓

Env detection × Partial × × ✓
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Capability GitHub

Classroom

GitLab

Edu

Bitbucket

Cloud

Gitea

(base)

GiteaForge (pro‐

posed)

Script generation × × × × ✓

Plagiarism detect Via MOSS × × × Planned

Security & privacy

FERPA compliant Cloud Self-host Cloud Self-host Self-host

GDPR compliant Cloud Self-host Cloud Self-host Self-host

RBAC ✓ ✓ ✓ ✓ ✓

SSO/SAML ✓ ✓ ✓ ✓ Planned

Total score 12/24 14/24 8/24 10/24 21/24

5.1.4 Feature adoption

Figure 3 visualizes feature utilization rates during evaluation period. Progress tracking (≈95%) and
automated  execution  (≈88%)  achieved  the  highest  observed  adoption  in  the  limited  test  group,
partially evaluating these as priority features.

Figure 3. Feature utilization rates (N = 15, 4 weeks).

5.2 Usability assessment

System Usability Scale (SUS) scores averaged 78.5 (SD=6.2, N=15), classifying as “good” usability. Fig-
ure 4 presents score distribution.
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Figure 4. System Usability Scale score distribution (mean = 78.5, SD = 6.2).

6 Discussion

6.1 Key findings and implications

Preliminary evaluation results support three principal hypotheses:

H1: Integration Efficiency. Unified architecture reduces assessment overhead through elimination
of context switching. The approximate 80–90% time reduction (Table 8) observed in a limited evalu-
ation  setting  indicates  possible  potential  for  either  increased  course  enrollment  or  enhanced
feedback quality.

H2: Progress Visibility. Real-time webhook-driven analytics enable proactive pedagogical interven-
tion.

H3: Deployment Accessibility. Lightweight resource requirements lower adoption barriers.

6.2 Limitations and threats to validity

External Validity: Evaluation involved 15 participants from a single institution across two courses.
Temporal  Validity: Four-week  evaluation  period  provides  initial  usability  data  but  insufficient
evidence  for  long-term  scalability.  Technology  Coverage: Current  automated  execution  supports
Node.js, Python, and Java/Maven. Extension to additional ecosystems requires ongoing development.

7 Conclusion

This paper presented GiteaForge, a comprehensive framework addressing critical gaps in academic
project management. The proposed Academic Project Management Capability Framework (APMCF)
provides theoretical foundation organizing requirements. Implementation leveraging the PERN stack
integrated with Gitea indicates the feasibility of unified academic-development workflows, showing
potential for an approximate 80–90% reduction in assessment preparation time while maintaining
institutional data sovereignty. Preliminary evaluation with 15 participants partially evaluated core
hypotheses regarding efficiency improvements (H1), enhanced progress visibility (H2), and deploy-

Iconic Research and Engineering Journals Vol. 10, Issue 4, October 2026

ISSN 2456-8880 Paper ID: 1724317 | Page 4001



ment accessibility  (H3).  System Usability  Scale  scores  (mean ≈ 78.5)  suggest  promising usability
based on preliminary evaluation, though further validation is required. The framework establishes
promising  foundations  for  future  research  exploring  machine  learning  integration  and  multi-
institutional deployment validation.
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