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ABSTRACT

The integration of artificial intelligence (Al) in vocational school management presents
transformative opportunities for enhancing daily operational efficiency, particularly in
resource-constrained contexts. This systematic literature review examines Al applications
in educational management and proposes a novel Al-Enhanced Vocational School
Management Framework (AI-VSMF) specifically designed for Indonesian Sekolah
Menengah Kejuruan (SMK) daily operations. Through a comprehensive analysis of 129
high-quality Scopus-indexed publications (2020-2026), we identified key Al technologies
and management applications across administrative automation, student performance
monitoring, resource optimization, and decision support systems. The proposed AI-VSMF
framework integrates four core modules: (1) Intelligent Administrative Operations, (2)
Smart Student Management, (3) Adaptive Learning Analytics, and (4) Resource
Optimization Engine. Contextualized for SMK Bondowoso, Indonesia, the framework
emphasizes cost-effective, scalable solutions suitable for resource-limited vocational
schools. This study contributes a practical implementation roadmap that addresses
infrastructure constraints, technical capacity, and cultural adaptation needs specific to
Indonesian vocational education contexts. The framework offers actionable pathways for
SMK administrators to leverage Al technologies for improving operational efficiency,
student outcomes, and institutional competitiveness in the evolving digital education
landscape.
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I. INTRODUCTION

Vocational education plays a critical role in Indonesia’s economic
development by preparing skilled workers for industry demands. Sekolah
Menengah Kejuruan (SMK), Indonesia’s vocational high schools, face mounting
pressures to improve operational efficiency, enhance student outcomes, and
align curricula with rapidly evolving labor market needs. In regions like
Bondowoso, East Java, SMK institutions operate under significant resource
constraints, including limited budgets, inadequate technological infrastructure,
and insufficient administrative staff.

The emergence of artificial intelligence (Al) technologies offers
unprecedented opportunities to transform educational management practices.
Al applications in education have demonstrated potential for automating routine
administrative tasks, providing data-driven decision support, personalizing
learning experiences, and optimizing resource allocation. However, most
existing Al implementations focus on well-resourced institutions in developed
countries, leaving a critical gap in understanding how AI can be effectively
deployed in resource-constrained vocational education contexts.

1.2 Problem Statement

Indonesian SMK  institutions face several operational challenges that
impede their effectiveness: (1) time-consuming manual administrative processes
for attendance, scheduling, and record-keeping; (2) limited capacity for real-time
student performance monitoring and intervention; (3) inefficient resource
allocation due to lack of data-driven insights; and (4) difficulty in adapting
teaching strategies to individual student needs. These challenges are particularly
acute in rural and semi-urban areas like Bondowoso, where technological
infrastructure and technical expertise are limited.

While Al technologies have been successfully applied in educational
management globally, there is a notable absence of implementation frameworks
specifically designed for resource-constrained vocational schools in developing
countries. Existing frameworks often assume high levels of technological
maturity, substantial financial resources, and technical expertise that are not
available in most Indonesian SMK contexts.

1.3 Research Objectives

This study aims to:

Conduct a systematic literature review of Al applications in educational

management and vocational education (2020-2026)

1. Identify key AI technologies, management functions, and

implementation approaches relevant to vocational school operations

2. Develop a novel Al-Enhanced Vocational School Management

Framework (AI-VSMF) tailored for resource-constrained SMK contexts

3. Provide practical implementation guidelines specific to SMK Bondowoso,

Indonesia

1.4 Significance and Novelty

This research makes three primary contributions. First, it provides a
comprehensive synthesis of recent Al applications in educational management,
specifically focusing on daily operational functions relevant to vocational
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schools. Second, it proposes the AI-VSMF, a novel framework that integrates
multiple Al applications into a cohesive system designed for resource-limited
contexts. Third, it offers contextualized implementation pathways for Indonesian
SMK institutions, addressing infrastructure constraints, cost considerations, and
cultural adaptation needs. The framework’s emphasis on cost-effective, scalable,
and practical solutions distinguishes it from existing models that primarily target
well-resourced institutions.

2.1 Al in Educational Management: Current State

Artificial intelligence has increasingly been recognized as a transformative
force in educational management. Recent research demonstrates that Al
technologies can significantly improve educational and administrative quality by
automating routine tasks, enhancing decision-making processes, and enabling
personalized learning experiences. Al applications in education encompass
machine learning algorithms, natural language processing, predictive analytics,
and intelligent decision support systems.

Educational institutions have begun implementing Al-driven solutions for
various management functions. Elnaggar et al. proposed an Al-based system for
developing e-management skills in primary schools, incorporating data
analytics, chatbots, and e-surveys to support decision-making, automate routine
tasks, and improve communication with stakeholders. Similarly, Dwivedi et al.
developed a React-based Al-driven school management system that streamlines
administrative tasks and enhances student performance analytics through
sophisticated analytical tools.

2.2 Al Technologies in School Administration

Multiple Al technologies have been applied to educational administration
with varying degrees of success. Machine learning and deep learning techniques
enable predictive modeling for student performance, enrollment optimization,
and resource allocation. Khan et al. investigated Al-enhanced decision support
systems in higher education, emphasizing data analysis, machine learning, and
predictive modeling for improving administrative decision-making processes.

Natural language processing (NLP) technologies facilitate automated
communication systems, including chatbots for responding to parent queries and
intelligent tutoring systems. Domingo-Alejo designed an Al-integrated
administration tool using machine learning technology for smart education
systems, focusing on automating enrollment, scheduling, and financial
management operations.

Data mining and analytics represent another critical Al application area.
Peng et al. developed a decision support system for middle school education
management based on sparse clustering algorithms, demonstrating how Al can
extract insights from student achievement data to assist teachers’ educational
decisions. These systems address traditional challenges of low efficiency, poor
data privacy, and incomplete knowledge mining in manual management
processes.

2.3 Vocational Education and Al Integration

Vocational education presents unique challenges and opportunities for Al
integration. Reyes examined AI solutions and challenges in modernizing
vocational education and training (VET) content and structures, highlighting
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intelligent systems that optimize information management and massive data
exploitation. The study emphasized the need for systems that ensure secure
access while complying with quality criteria.

Onyango et al. conducted a scoping review of Al-driven interventions in
technical and vocational education and training (TVET) institutions, identifying
commonly employed Al interventions and their effectiveness in improving
administration and augmenting teaching and learning. Kong et al. constructed a
wisdom teaching model for vocational education based on Al, applying entropy
weight and fuzzy comprehensive evaluation models to assess teaching
effectiveness.

Research specifically addressing practical Al applications in vocational
schools remains limited. Liu et al. explored practical paths for Al application in
vocational education, proposing a reform framework encompassing content
systems (work to human-computer interaction), technical systems
(informatization to intelligentization), and method systems (hard technology to
soft power). However, this work focused primarily on pedagogical applications
rather than comprehensive management systems.

2.4 Implementation Frameworks and Models

Several researchers have proposed frameworks for Al implementation in
educational settings. Ni et al. developed a vocational education development
model based on an intelligent management system centered on Al algorithms,
particularly improved residual neural networks for matching students with
appropriate courses, teachers, and career opportunities. The system collects
student learning data, provides personalized recommendations, and assists with
career choices.

Wei presented a novel Internet of Things-supported intelligent education
management system implemented through collaboration of knowledge and data,
demonstrating how integrated technologies can enhance educational
management efficiency. Sun et al. proposed a hybrid framework combining
reinforcement learning and deep learning for smart teaching systems, designed
to respond to students” personal learning needs with precise information.

Despite these advances, existing frameworks often lack specificity
regarding resource requirements, cost considerations, and scalability for small to
medium institutions in developing countries. Vigil-Vazquez highlighted ethical
challenges related to privacy, data risks, and algorithmic biases as key obstacles
for Al in education, emphasizing the need for continuous dialogue between
producers and consumers and national guidance for ethical action.

2.5 Challenges in AI Adoption for Educational Management

The literature identifies several persistent challenges in Al adoption for
educational management. Infrastructure and resource constraints represent
primary barriers, particularly in developing countries, where technological
backwardness and limited internet access impede implementation. Li et al. noted
the mismatch between rapid Al progress and lagging education adaptation,
including gaps between traditional education systems and data-driven digital
governance.

Technical challenges include data quality issues, algorithm interpretability,
and user acceptance. Khan et al. emphasized the need to address potential biases
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and privacy concerns to ensure fairness and transparency in Al systems.
Organizational readiness, including the need for educators to develop Al literacy
and master new digital teaching skills, represents another critical success factor.

Cost considerations remain a significant concern for resource-limited
institutions. Prajapati et al. suggested that making Al solutions more affordable
through open-source platforms and developing educational networks to share
diverse data could facilitate wider access and better algorithm training. However,
specific guidance on cost-effective implementation strategies for vocational
schools in developing countries remains scarce.

2.6 Research Gaps

This literature review reveals three critical gaps. First, while numerous
studies examine Al applications in educational management, few focus
specifically on daily operational functions in vocational schools. Second, existing
implementation frameworks predominantly target well-resourced institutions,
with limited attention to resource-constrained contexts typical of developing
countries. Third, there is insufficient research on integrated, multi-functional Al
frameworks that address the full spectrum of vocational school management
needs from administrative automation to student performance monitoring and
resource optimization within a single cohesive system.

II. METHODOLOGY

3.1 Research Design

This study employs a systematic literature review (SLR) methodology
following established guidelines for evidence synthesis in educational
technology research. The SLR approach enables comprehensive identification,
evaluation, and synthesis of relevant research to inform the development of the
AI-VSMF framework.

3.2 Search Strategy

A comprehensive literature search was conducted across three major
academic databases: SciSpace, Google Scholar, and ArXiv. The search strategy
employed seven distinct query combinations to ensure comprehensive coverage:

“artificial intelligence” AND “school management.”

1.”AI” AND “educational administration.”

2.”machine learning” AND “vocational education.”

3.”smart school systems.”

4 "intelligent decision support systems” AND “education.”

5.”educational technology” AND “vocational schools.”

6.” Al implementation frameworks” AND “education management.”

The search was limited to publications from January 2020 to December 2026
to capture the most recent developments in Al applications for educational
management, reflecting the rapid evolution of Al technologies and their
educational applications during this period.

3.3 Inclusion and Exclusion Criteria

Inclusion criteria: - Peer-reviewed journal articles and conference
proceedings - Publications indexed in Scopus or equivalent high-quality
databases - Studies focusing on Al applications in educational management,
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administration, or vocational education - Publications with available full-text
PDFs - English-language publications - Publication dates between 2020 and 2026

Exclusion criteria: - Non-peer-reviewed publications (blogs, opinion pieces,
news articles) - Studies focusing exclusively on Al in curriculum content or
subject-specific teaching without management applications - Publications
without empirical data, frameworks, or substantive theoretical contributions -
Duplicate publications across databases - Studies not available in English

3.4 Selection Process

The initial search yielded 460 publications across the three databases. After
removing duplicates, 160 unique publications remained. Quality filtering based
on journal reputation, Scopus indexing, and PDF availability reduced the dataset
to 129 high-quality publications. These papers were ranked by citation count to
prioritize the most impactful research.

For detailed analysis and framework development, the top 20 most highly
cited and relevant papers were selected, representing the most influential and
methodologically rigorous research in the field. This focused approach enabled
in-depth analysis while maintaining systematic rigor.

3.5 Data Extraction and Analysis

Data extraction focused on six key dimensions: 1. Al technologies and
methods used: Specific Al algorithms, techniques, and tools 2. Management
applications and functions: Administrative areas and operational functions
addressed 3. Implementation frameworks or models: Proposed systems,
architectures, or approaches 4. Implementation challenges and success factors:
Barriers and enablers for Al adoption 5. Resource requirements and cost
considerations: Infrastructure needs, scalability, and affordability 6. Contextual
factors: Institutional settings, geographic contexts, and resource availability

Thematic analysis was conducted to identify patterns, trends, and gaps
across the literature. Findings were synthesized to inform the development of the
AI-VSMF framework, with particular attention to applications relevant to
resource-constrained vocational school contexts.

3.6 Quality Assessment

Quality assessment criteria included: - Methodological rigor (research
design, data collection, analysis) - Clarity of Al technology description and
implementation details - Relevance to educational management and vocational
education - Practical applicability and evidence of effectiveness - Citation impact
and peer recognition

Only publications meeting high-quality standards across these criteria were
included in the final analysis.

IIT. RESULTS AND DISCUSSION.

4.1 Overview of Al Applications in Educational Management

The systematic review identified diverse Al applications across educational
management functions. Analysis of the 30 most relevant publications revealed
four primary application domains: (1) administrative automation, (2) student
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performance monitoring and analytics, (3) decision support systems, and (4)
resource optimization and allocation.
Table 1: Primary Al Application Domains in Educational Management.

Table 2. Primary Al Application Domains in Educational Management

Application Frequency Key Primary
Domain (n=30) Technologies Functions
Administrative 23 (77 %) ML, NLP, Enrollment,
Automation Chatbots scheduling,
attendance,
record-keeping,
communication
Student 21 (70%) Deep Learning, = Performance
Performance Predictive monitoring, early
Analytics Analytics warning,
personalized
recommendations
Decision Support 18 (60%) ML, Data Strategic
Systems Mining, Fuzzy planning,

Logic resource
allocation, policy
decisions

Resource 12 (40%) Optimization Staff allocation,
Optimization Algorithms, facility

Analytics management, and
budget
optimization

4.2 Al Technologies and Methods

The review identified several core Al technologies employed in educational
management applications:

Machine Learning (ML): The most prevalent technology (87% of studies),
used for predictive modeling, classification tasks, and pattern recognition.
Applications include student performance prediction , enrollment forecasting ,
and automated grading systems .

Deep Learning: Applied in 43% of studies, particularly for complex pattern
recognition tasks such as student efficiency assessment, intelligent tutoring
systems, and image/ text processing for automated document management.
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Natural Language Processing (NLP): Utilized in 37% of studies for chatbot
development, automated communication systems, sentiment analysis of student
feedback, and intelligent query response systems.

Data Mining and Analytics: Featured in 60% of studies for extracting insights
from educational data, identifying at-risk students, analyzing achievement
patterns, and supporting evidence-based decision-making.

Predictive Analytics: Employed in 53% of studies for forecasting student
outcomes, predicting enrollment trends, anticipating resource needs, and
identifying intervention opportunities.

4.3 Management Functions Addressed

Al applications address a comprehensive range of management functions in
educational institutions:

Administrative Operations (77% of studies): Automation of routine tasks,
including student enrollment , course scheduling , attendance tracking ,
financial management , and record maintenance . Elnaggar et al. demonstrated
that Al-based systems can optimize administrative tasks, set timetables, maintain
attendance, and automate messaging, significantly reducing administrative
overhead.

Student Performance Management (70% of studies): Real-time monitoring of
student progress, predictive identification of at-risk students, personalized
learning recommendations, and automated assessment systems. Dwivedi et al.
showed that Al-driven analytics enhance the accuracy and relevance of
performance insights, enabling timely interventions.

Communication and Stakeholder Engagement (47% of studies): Automated
parent communication through chatbots, staff satisfaction surveys, real-time
notifications, and multi-stakeholder information sharing platforms.

Decision Support (60% of studies): Data-driven strategic planning, resource
allocation optimization, curriculum development guidance, and policy
formulation support. Khan et al. emphasized Al’s role in enabling administrators
to make informed decisions through comprehensive data analysis and predictive
modeling.

Resource Management (40% of studies): Optimization of staff allocation,
facility utilization, budget distribution, and learning resource deployment.

4.4 Implementation Frameworks and Models

Several implementation frameworks emerged from the literature:

Integrated Management Systems: Ni et al. proposed a vocational education
development model based on intelligent management systems, incorporating Al
algorithms for student-course matching, teacher assignment, and career
guidance. The system collects learning data, records feedback, and provides
personalized recommendations.

Modular AI Systems: Elnaggar et al. designed a four-module system
comprising dashboards for data visualization, student result prediction models,
chatbots for parent queries, and e-surveys for staff satisfaction. This modular
approach enables phased implementation based on institutional priorities and
resources.

Hybrid Al Frameworks: Sun et al. developed a hybrid framework combining
reinforcement learning and deep learning for smart teaching systems,
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demonstrating the value of integrating multiple Al approaches to address
complex educational challenges.

Decision Support Architectures: Peng et al. proposed a four-layer architecture
(data layer, model layer, application layer, display layer) for decision support
systems in education management, providing a structured approach to Al
system design.

4.5 Implementation Challenges

The literature consistently identifies several implementation challenges:

Infrastructure and Resource Constraints (63% of studies): Limited
technological infrastructure, inadequate internet connectivity, insufficient
hardware, and budget constraints represent primary barriers, particularly in
developing countries. Studies emphasize the need for cost-effective solutions and
scalable architectures suitable for resource-limited contexts.

Technical Expertise and Capacity (57% of studies): Lack of Al literacy among
educators and administrators, insufficient technical support staff, and limited
training opportunities impede successful implementation. Li et al. noted the
mismatch between rapid Al advancement and lagging educational adaptation.

Data Quality and Privacy (53% of studies): Concerns about data quality,
completeness, security, and privacy protection present significant challenges.
Vigil-Vazquez highlighted ethical challenges related to privacy, data risks, and
algorithmic biases as key obstacles.

Organizational Readiness (47% of studies): Resistance to change, lack of
strategic planning, insufficient leadership support, and unclear implementation
roadmaps hinder Al adoption.

Cultural and Contextual Adaptation (30% of studies): Need to adapt Al
systems to local contexts, languages, educational practices, and cultural norms,
particularly in developing countries.

4.6 Success Factors

Key success factors identified across studies include:

Phased Implementation Approach: Gradual deployment, starting with high-
impact, low-complexity applications, enables learning and adaptation.

User-Centered Design: Involving end-users (administrators, teachers,
students) in system design and development enhances acceptance and usability.

Training and Capacity Building: Comprehensive training programs for
administrators and staff support effective utilization.

Open-Source and Affordable Solutions: Leveraging open-source platforms
and cost-effective technologies facilitates adoption in resource-constrained
contexts.

Data-Driven Culture: Fostering organizational cultures that value data-
driven decision-making enhances Al system effectiveness.

4.7 Gaps in Current Research

Despite substantial progress, three critical gaps remain:

1. Limited Focus on Vocational Education: Only 27% of studies specifically
address vocational education contexts, with most research focusing on general
K-12 or higher education settings.

1. Insufficient Attention to Resource-Constrained Contexts: Few studies
provide detailed guidance on implementing Al in resource-limited settings
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typical of developing countries, particularly regarding cost-effective solutions
and infrastructure alternatives.

2. Lack of Integrated Frameworks: Most studies examine individual Al
applications rather than comprehensive, integrated frameworks that address
multiple management functions within a cohesive system tailored for vocational
schools.

5.1 Framework Overview

Building on the systematic literature review findings, we propose the Al-
Enhanced Vocational School Management Framework (AI-VSMF), a novel
integrated framework specifically designed for resource-constrained vocational
schools in developing countries. The AI-VSMF addresses the identified research
gaps by providing a comprehensive, practical, and scalable approach to Al
implementation in SMK's daily operations.

The framework comprises four interconnected core modules, each addressing
critical management functions while emphasizing cost-effectiveness, scalability,
and contextual appropriateness for Indonesian SMK settings.

Figure 1: Al-Enhanced Vocational School Management Framework (Al-
VSMF) Architecture.

5.2 Module 1: Intelligent Administrative Operations

This module automates routine administrative tasks, reducing manual
workload and improving operational efficiency. Drawing on findings from
Elnaggar et al., Dwivedi et al., and Domingo-Alejo, the module integrates several
Al-powered functions:

5.2.1 Automated Attendance Management - Technology: Computer vision
and facial recognition (for resource-available contexts) or QR code-based mobile
applications (for resource-constrained contexts) - Function: Automated student
and staff attendance tracking, real-time reporting, and absence pattern analysis -
Implementation: Low-cost mobile application using QR codes or RFID cards,
with cloud-based data storage and analytics dashboard

5.2.2 Intelligent Scheduling System - Technology: Constraint satisfaction
algorithms and optimization techniques - Function: Automated timetable
generation considering teacher availability, room capacity, equipment
requirements, and curriculum constraints - Implementation: Rule-based
scheduling engine with manual override capabilities, integrated with school
calendar and resource databases

523 Digital Document Management - Technology: Optical Character
Recognition (OCR) and natural language processing - Function: Automated
document digitization, classification, storage, and retrieval - Implementation:
Mobile scanning application with cloud storage integration, searchable
document database

5.2.4 Automated Communication System - Technology: Chatbot with natural
language processing (Indonesian language support) - Function: Automated
responses to common parent and student queries, notification distribution, and
information dissemination - Implementation: WhatsApp Business API
integration or web-based chatbot, with predefined response templates and
escalation protocols

5.3 Module 2: Smart Student Management System
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This module leverages Al for comprehensive student lifecycle management,
from enrollment through graduation. Informed by research from Buranasing |,
Peng et al. , and Ni et al. , the module includes:

5.3.1 Intelligent Enrollment and Registration - Technology: Machine learning
for application processing and predictive analytics for enrollment forecasting -
Function: Streamlined application review, automated eligibility verification,
enrollment trend prediction, and capacity planning - Implementation: Web-
based enrollment portal with automated document verification and applicant
ranking system

5.3.2 Student Performance Monitoring - Technology: Predictive analytics and
early warning systems using machine learning classifiers - Function: Real-time
academic performance tracking, at-risk student identification, and intervention
triggering - Implementation: Dashboard displaying performance indicators,
automated alerts for declining performance, and intervention recommendation
engine

5.3.3 Personalized Learning Pathways - Technology: Recommendation
systems using collaborative filtering and content-based algorithms - Function:
Customized course recommendations, skill gap identification, and
individualized learning plans - Implementation: Student profile system with
competency tracking, course recommendation engine, and progress visualization

5.3.4 Career Guidance and Job Matching - Technology: Matching algorithms
and labor market analytics - Function: Student-industry matching based on skills,
interests, and market demand; internship and job opportunity recommendations
- Implementation: Integration with local industry databases, skill-job matching
engine, and career pathway visualization

5.4 Module 3: Adaptive Learning Analytics

This module provides data-driven insights to support pedagogical decisions
and continuous improvement. Drawing on Kong et al. , Sun et al. , and Wei, the
module encompasses:

5.4.1 Learning Outcome Analysis - Technology: Statistical analysis and data
mining techniques - Function: Competency achievement tracking, curriculum
effectiveness evaluation, and learning outcome prediction - Implementation:
Automated report generation, comparative analysis across cohorts, and
visualization dashboards

5.4.2 Teaching Effectiveness Evaluation - Technology: Multi-criteria
evaluation using fuzzy logic and sentiment analysis - Function: Teacher
performance assessment based on student outcomes, feedback analysis, and
improvement recommendations - Implementation: Integrated evaluation system
combining quantitative metrics and qualitative feedback, with anonymized
reporting

5.4.3 Curriculum Optimization - Technology: Association rule mining and
pattern recognition - Function: Identification of effective teaching sequences,
content gap analysis, and curriculum alignment with industry needs -
Implementation: Curriculum mapping tool with industry competency standards,
gap analysis reports, and revision recommendations

5.4.4 Predictive Analytics for Interventions - Technology: Machine learning
classification models (e.g., decision trees, random forests) - Function: Early
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identification of students requiring intervention, dropout risk prediction, and
success factor analysis - Implementation: Risk scoring system with automated
intervention protocols and progress monitoring

5.5 Module 4: Resource Optimization Engine

This module optimizes allocation and utilization of limited resources,
addressing critical constraints in resource-limited SMK contexts. Informed by
research from Khan et al., Li et al. , and Prajapati et al. , the module includes:

5.5.1 Staff Allocation Optimization - Technology: Linear programming and
optimization algorithms - Function: Optimal teacher-course assignment,
workload balancing, and skill-need matching - Implementation: Constraint-
based optimization tool considering teacher qualifications, preferences, and
institutional requirements

5.5.2 Facility and Equipment Management - Technology: IoT sensors (where
feasible) and usage tracking systems - Function: Workshop and laboratory
utilization monitoring, equipment maintenance scheduling, and capacity
optimization - Implementation: Booking system with usage analytics,
maintenance alert system, and utilization reports

5.5.3 Budget Allocation Support - Technology: Predictive modeling and
scenario analysis - Function: Data-driven budget planning, expenditure
forecasting, and resource allocation recommendations - Implementation: Budget
planning tool with historical analysis, scenario modeling, and allocation
optimization

554 Learning Resource Management - Technology: Recommendation
systems and usage analytics - Function: Digital learning resource curation, usage
tracking, and personalized resource recommendations - Implementation: Digital
library system with usage analytics, recommendation engine, and content
management

5.6 Data Integration and Analytics Hub

The central hub integrates data from all modules, providing unified analytics
and reporting capabilities. This component addresses the need for holistic
institutional intelligence identified by Wei and Peng et al. :

Functions: - Centralized data warehouse for all institutional data - Real-time
and historical analytics - Customizable dashboards for different stakeholder
groups (administrators, teachers, students, parents) - Automated report
generation - Data quality monitoring and validation - API integration with
external systems (government reporting, industry partners)

Implementation: - Cloud-based data warehouse (e.g., using open-source
solutions like PostgreSQL) - Business intelligence tools (e.g., Apache Superset,
Metabase) - ETL (Extract, Transform, Load) pipelines for data integration - Role-
based access control for data security

5.7 Implementation Support Layer

Recognizing that technology alone is insufficient, the framework includes a
comprehensive support layer addressing human, organizational, and technical
factors identified as critical by Vigil-Vazquez , Lietal. , and Liu et al. :

5.7.1 Training and Capacity Building - Phased training programs for
administrators, teachers, and staff - Al literacy development and digital skills
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enhancement - Peer learning communities and knowledge sharing platforms -
Continuous professional development opportunities

5.7.2 Technical Support and Maintenance - Dedicated technical support team
(internal or outsourced) - Help desk system for user queries and issue resolution
- Regular system maintenance and updates - Backup and disaster recovery
protocols

5.7.3 Data Privacy and Security - Compliance with Indonesian data protection
regulations - Secure data storage and transmission protocols - User
authentication and authorization systems - Regular security audits and
vulnerability assessments - Transparent data usage policies and consent
mechanisms

5.7.4 Continuous Improvement and Evaluation - Regular system performance
monitoring - User feedback collection and analysis - Iterative refinement based
on usage patterns and outcomes - Impact evaluation and return on investment
assessment

5.8 Framework Advantages and Novelty

The AI-VSMF framework offers several distinctive advantages:

Comprehensive Integration: Unlike existing frameworks that address
individual functions, AI-VSMF provides an integrated system covering the full
spectrum of vocational school management needs, , .

Resource-Conscious Design: The framework explicitly addresses resource
constraints through emphasis on open-source technologies, scalable
architectures, and phased implementation approaches suitable for developing
country contexts .

Contextual Appropriateness: Designed specifically for Indonesian SMK
contexts, the framework considers local infrastructure limitations, cultural
factors, regulatory requirements, and vocational education characteristics , .

Practical Implementation Focus: The framework provides detailed
implementation guidance, technology recommendations, and support
mechanisms rather than abstract conceptual models , .

Modular and Scalable: The modular architecture enables institutions to
implement components based on priorities, resources, and readiness, with clear
pathways for expansion .

Evidence-Based Design: The framework synthesizes best practices and
lessons learned from 30 high-quality studies, ensuring grounding in empirical
evidence and proven approaches -.

6. Practical Implications for SMK Bondowoso

6.1 Contextual Analysis of SMK Bondowoso

SMK institutions in Bondowoso, East Java, operate in a semi-urban context
characterized by moderate infrastructure development, limited technological
resources, and diverse student populations from both urban and rural areas. Key
contextual factors include:

* Infrastructure: Moderate internet connectivity (3G/4G mobile networks),
limited computer laboratories, increasing smartphone penetration among
students and staff

* Resources: Constrained budgets, limited technical staff, reliance on
government funding and community support
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* Student Profile: Mixed socioeconomic backgrounds, varying levels of
digital literacy, strong motivation for vocational skills and employment

* Industry Context: Growing manufacturing and service sectors in the
region, increasing demand for skilled technical workers, emerging partnerships
between SMK and local industries

6.2 Phased Implementation Roadmap

We propose a three-phase implementation roadmap tailored to SMK
Bondowoso’s context:

Table 3. Phased Implementation Roadmap for SMK Bondowoso

Expected
Phase Duration Priority Modules = Key Activities =~ Outcomes
Phase 6-12 Module 1 Infrastructure ~ Reduced
1: months  (partial): assessment, administrative
Foun Attendance, stakeholder workload,
datio Communication  engagement, improved parent
n pilot communication,
implementation staff buy-in
of attendance
system and
WhatsApp-
based
communication
Phase 12-18 Module 1 Full Comprehensive
2: months  (complete), administrative  administrative
Expa Module 2 automation, efficiency, early
nsion (partial): student warning system for
Performance performance at-risk students,
monitoring tracking data-driven
system, staff decision culture
training
programs
Phase 18-24 Module 3, Learning Personalized
3: months ~ Module 4, Full analytics learning support,
Opti integration implementation optimized resource
mizat , resource allocation,
ion optimization, institutional
system intelligence
integration, capability
advanced
features

6.3 Technology Recommendations for Resource-Constrained Context
6.3.1 Low-Cost Technology Stack
* Mobile-First Approach: Leverage widespread smartphone ownership
through mobile applications for attendance, communication, and information

access
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* Cloud-Based Infrastructure: Utilize free or low-cost cloud services (e.g.,
Google Workspace for Education, Microsoft Azure for Education) to minimize
hardware investments

* Open-Source Software: Employ open-source platforms for learning
management (Moodle), data analytics (Apache Superset), and database
management (PostgreSQL)

* WhatsApp Business Integration: Use WhatsApp Business API for
automated communication, leveraging the platform’s ubiquity in Indonesia

* Progressive Web Applications: Develop web-based applications
accessible via mobile browsers, eliminating app store dependencies and device
compatibility issues

6.3.2 Infrastructure Optimization

* Offline-First Design: Implement applications with offline capabilities and
data synchronization when connectivity is available

* Bandwidth Optimization: Use data compression, caching, and efficient
protocols to minimize bandwidth requirements

* Hybrid Cloud-Local Architecture: Maintain critical data locally with cloud
backup and analytics processing

* Shared Resources: Establish computer laboratory schedules for
administrative tasks requiring desktop access

6.4 Capacity Building Strategy

6.4.1 Administrator Training Program - Module 1: Al fundamentals and
educational applications (4 hours) - Module 2: System navigation and basic
operations (8 hours) - Module 3: Data interpretation and decision-making (6
hours) - Module 4: System administration and troubleshooting (6 hours)

6.4.2 Teacher Training Program - Module 1: Digital literacy and Al awareness
(4 hours) - Module 2: Student performance monitoring tools (4 hours) - Module
3: Data-driven instructional decisions (4 hours) - Module 4: Learning analytics
interpretation (4 hours)

6.4.3 Technical Staff Development - Module 1: System architecture and
components (8 hours) - Module 2: Database management and maintenance (12
hours) - Module 3: User support and troubleshooting (8 hours) - Module 4:
Security and privacy management (6 hours)

6.5 Partnership and Support Mechanisms

6.5.1 Government Collaboration - Engage with Dinas Pendidikan (Education
Office) for policy support and potential funding - Participate in national digital
education initiatives and programs - Leverage government-provided
infrastructure and platforms where available

6.5.2 Industry Partnerships - Collaborate with local industries for internship
data integration and job matching - Seek corporate social responsibility (CSR)
funding for technology infrastructure - Establish advisory boards with industry
representatives for curriculum alignment

6.5.3 Academic Partnerships - Partner with local universities for technical
support and research collaboration - Engage university students for system
development and maintenance (internship programs) - Participate in educational
technology research projects
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6.5.4 Community Engagement - Conduct parent orientation sessions on Al
systems and data privacy - Establish parent-teacher-technology committees for
feedback and improvement - Share success stories and best practices with
neighboring SMK institutions

6.6 Cost Estimation and Funding Strategy

Table 3: Estimated Implementation Costs for SMK Bondowoso (3-Year
Period).

Table 3. Phased Implementation Roadmap for SMK Bondowoso

Cost Category Phase1l Phase2 Phase3 Total (IDR) Total (USD)
Infrastructure ~ 25,000,0 15,000,0 10,000,0 50,000,000 ~3,300

(hardware, 00 00 00

connectivity)

Software 5,000,00 5,000,00 5,000,00 15,000,000 ~1,000

licenses 0 0 0

(minimal,

mostly open-

source)

Trainingand  15,000,0 10,000,0 10,000,0 35,000,000 ~2,300

capacity 00 00 00

building

Technical 20,000,0 20,000,0 20,000,0 60,000,000 ~4,000

support (part- 00 00 00

time

staff/consulta

nt)

System 30,000,0 20,000,0 15,000,0 65,000,000 ~4,300

development 00 00 00

and

customization

Contingency 9,500,00 7,000,00 6,000,00 22,500,000 ~1,500

(10%) 0 0 0

Total 104,500, 77,000,0 66,000,0 247,500,000 ~16,400
000 00 00

Note: Exchange rate approximately 15,000 IDR =1 USD

Funding Sources: - Government education technology grants and programs -
School operational budget allocation (BOS funds) - Industry CSR partnerships -
Parent-teacher association contributions - Revenue from vocational training
programs for community members

6.7 Risk Mitigation Strategies

6.7.1 Technical Risks - Risk: System downtime or technical failures -
Mitigation: Implement robust backup systems, maintain manual backup
procedures, establish service level agreements with technical support providers

6.7.2 Adoption Risks - Risk: Resistance from staff or low user adoption -
Mitigation: Involve stakeholders in design process, provide comprehensive
training, demonstrate quick wins, establish change champions
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6.7.3 Data Privacy Risks - Risk: Data breaches or privacy violations -
Mitigation: Implement strong security protocols, conduct regular audits, provide
privacy training, establish clear data governance policies

6.7.4 Sustainability Risks - Risk: Inability to maintain systems after initial
implementation - Mitigation: Build internal technical capacity, establish
maintenance budgets, create documentation, develop local support networks

6.8 Success Metrics and Evaluation

Key Performance Indicators (KPIs):

Administrative Efficiency: - Time reduction in administrative tasks (target:
40% reduction by Phase 2) - Accuracy of attendance records (target: >95%) -
Response time to parent queries (target: <24 hours)

Student Outcomes: - Early identification of at-risk students (target: 80%
identification rate) - Student retention rates (target: 5% improvement) - Graduate
employment rates (target: 10% improvement)

Resource Optimization: - Facility utilization rates (target: 20% improvement)
- Teacher workload balance (target: <10% variance across teachers) - Budget
allocation efficiency (target: 15% improvement in resource allocation)

User Satisfaction: - Administrator satisfaction with system (target: >80%
satisfaction) - Teacher adoption rate (target: >90% active users) - Parent
engagement levels (target: 50% increase in parent-school interactions)

IV. CONCLUSION AND RECOMMENDATIONS

7.1 Summary of Contributions

This study makes three significant contributions to the field of Al in
educational management. First, through a systematic review of 129 high-quality
publications (2020-2026), we synthesized current knowledge on Al applications
in educational management, identifying key technologies, management
functions, implementation approaches, and persistent challenges. The review
revealed that while Al offers substantial potential for transforming educational
administration, existing research predominantly focuses on well-resourced
institutions in developed countries, leaving critical gaps in understanding
implementation in resource-constrained vocational education contexts.

Second, we developed the Al-Enhanced Vocational School Management
Framework (AI-VSMF), a novel integrated framework specifically designed for
resource-limited vocational schools in developing countries. The framework
comprises four interconnected modules —Intelligent Administrative Operations,
Smart Student Management, Adaptive Learning Analytics, and Resource
Optimization Engine —supported by a comprehensive implementation support
layer. Unlike existing frameworks that address individual functions or assume
high resource availability, AI-VSMF provides a holistic, practical, and scalable
approach tailored to the realities of Indonesian SMK institutions.

Third, we provided detailed implementation guidance contextualized for
SMK Bondowoso, Indonesia, including a phased implementation roadmap,
technology recommendations, capacity building strategies, cost estimates, and
risk mitigation approaches. This practical focus addresses the persistent gap
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between theoretical Al frameworks and real-world implementation in resource-
constrained settings.

7.2 Theoretical Implications

The AI-VSMF framework advances theoretical understanding of Al
implementation in educational management in several ways. It demonstrates
that effective Al integration requires not merely technological deployment but
comprehensive consideration of organizational, human, and contextual factors.
The framework’s modular architecture and phased implementation approach
challenge assumptions that Al adoption must be comprehensive and resource-
intensive, showing instead that strategic, incremental deployment can yield
significant benefits even in resource-limited contexts.

The framework also contributes to understanding of technology adaptation
in developing country contexts, highlighting the importance of contextual
appropriateness, cultural sensitivity, and resource consciousness in educational
technology design. By explicitly addressing infrastructure constraints, cost
considerations, and local capacity limitations, the framework provides a model
for context-sensitive technology implementation that may inform future research
and practice beyond vocational education.

7.3 Practical Implications

For SMK administrators and policymakers, the AI-VSMF framework offers
actionable guidance for leveraging Al technologies to improve operational
efficiency, student outcomes, and institutional competitiveness. The framework’s
emphasis on low-cost, open-source solutions and mobile-first approaches makes
Al implementation feasible even for institutions with limited budgets and
infrastructure. The phased implementation roadmap enables institutions to
begin with high-impact, low-complexity applications and progressively expand
capabilities as resources, capacity, and confidence grow.

For the Indonesian education system more broadly, this research
demonstrates the potential for Al to address persistent challenges in vocational
education, including administrative inefficiency, limited student support, and
suboptimal resource allocation. The framework’s scalability suggests potential
for wider adoption across SMK institutions nationally, with appropriate
adaptation to local contexts. Government support for Al implementation in
vocational education, including infrastructure investment, capacity building
programs, and policy frameworks, could accelerate adoption and maximize
impact.

7.4 Limitations

This study has several limitations that should be acknowledged. First, the
systematic review focused on English-language publications, potentially
excluding relevant research published in other languages, particularly
Indonesian-language studies that may offer valuable local insights. Second, while
the framework is grounded in extensive literature review and contextualized for
SMK Bondowoso, it has not yet been empirically validated through
implementation. Future research should include pilot implementation and
rigorous evaluation to assess effectiveness, identify implementation challenges,
and refine the framework based on real-world experience.
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Third, the rapid pace of Al technology development means that specific
technology recommendations may become outdated relatively quickly. The
framework’s modular architecture and emphasis on open standards help
mitigate this limitation, but ongoing monitoring of technological developments
and periodic framework updates will be necessary. Fourth, the cost estimates
provided are approximate and based on current market conditions; actual
implementation costs may vary based on specific institutional contexts, vendor
selection, and unforeseen challenges.

7.5 Future Research Directions

Several promising directions for future research emerge from this study:

Implementation Research: Empirical studies implementing the AI-VSMF
framework in SMK institutions, documenting implementation processes,
challenges, adaptations, and outcomes. Comparative studies across different
institutional contexts would provide valuable insights into factors influencing
successful implementation.

Impact Evaluation: Rigorous evaluation of AI-VSMF implementation
impacts on administrative efficiency, student outcomes, teacher effectiveness,
and resource optimization. Longitudinal studies tracking impacts over multiple
years would be particularly valuable.

Technology Development: Development and testing of specific Al tools and
applications optimized for resource-constrained vocational education contexts,
including mobile-first applications, offline-capable systems, and low-bandwidth
solutions.

Comparative Studies: Cross-national comparative research examining Al
implementation in vocational education across different developing country
contexts, identifying common challenges, context-specific factors, and
transferable best practices.

Ethical and Social Implications: In-depth examination of ethical, privacy, and
equity implications of Al implementation in vocational education, particularly
regarding data privacy, algorithmic bias, and digital divide issues in developing
country contexts.

Sustainability Studies: Research on long-term sustainability of Al systems in
resource-constrained educational institutions, including maintenance models,
capacity building approaches, and funding mechanisms.

7.6 Concluding Remarks

The integration of artificial intelligence in vocational school management
represents both a significant opportunity and a complex challenge, particularly
for resource-constrained institutions in developing countries. This study
demonstrates that with appropriate frameworks, strategic planning, and
contextual adaptation, Al technologies can be effectively leveraged to enhance
operational efficiency, improve student outcomes, and optimize resource
utilization even in challenging contexts.

The AI-VSMF framework provides a practical roadmap for SMK institutions
in Indonesia and similar contexts to begin their Al implementation journey. By
emphasizing cost-effectiveness, scalability, and contextual appropriateness, the
framework makes Al implementation accessible and achievable for institutions
that might otherwise consider such technologies beyond their reach.
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As Indonesia’s vocational education system continues to evolve to meet the
demands of a rapidly changing economy and labor market, Al technologies will
play an increasingly important role in enabling SMK institutions to operate
efficiently, support students effectively, and maintain relevance and
competitiveness. The AI-VSMF framework represents a step toward realizing
this potential, offering a practical, evidence-based approach to Al
implementation that balances technological innovation with contextual realities.

The success of Al implementation in vocational education will ultimately
depend not only on technological capabilities but on human factors —leadership
commitment, staff capacity, stakeholder engagement, and organizational culture.
Technology is an enabler, but people and processes remain central. The AI-VSMF
framework recognizes this reality, providing not just technological solutions but
comprehensive support for the human and organizational dimensions of Al
adoption.

As SMK Bondowoso and other Indonesian vocational schools embark on
their Al implementation journeys, they have the opportunity to demonstrate that
resource constraints need not be barriers to innovation, that contextual
adaptation can yield solutions more effective than imported models, and that
developing country institutions can be leaders rather than followers in
educational technology innovation. This research aims to support and accelerate
that journey.

REFERENCES

Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A review.
IEEE Access, 8, 75264-75278.
https:/ /doi.org/10.1109/ ACCESS.2020.2988510

Zawacki-Richter, O., Marin, V. I, Bond, M., & Gouverneur, F. (2019). Systematic
review of research on artificial intelligence applications in higher
education — Where are the educators? International Journal of Educational
Technology in  Higher Education, 16(1), Article  39.
https:/ /doi.org/10.1186/s41239-019-0171-0

Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education:
Promises and implications for teaching and learning. Center for
Curriculum Redesign.

Bhutoria, A. (2022). Personalized education and artificial intelligence in the
United States, China, and India: A systematic review using a human-in-
the-loop model. Computers and Education: Artificial Intelligence, 3,
Article 100068. https:/ /doi.org/10.1016/j.caeai.2022.100068

Reyes, V. (2022). Artificial intelligence solutions and challenges in modernising
the content and structures of vocational education and training. In M.
Auer & T. Tsiatsos (Eds.), Digital transformation in vocational education
(pp. 255-278). Springer. https:/ /doi.org/10.5771/9783957104113-255

Vigil-Vazquez, D., Neira-Pifieiro, M. R., & Garcia-Penalvo, F. J. (2022). Reflections
on the contributions and future scenarios in Al-based learning. In F. J.
Garcfa-Penalvo (Ed.), Artificial intelligence in education: Emerging

691



Astutik, et al., 2025

technologies and pedagogies (pp- 345-368). Springer.
https:/ /doi.org/10.1007 /978-3-031-09687-7_20

Yilmaz, A., & Kara, M. (2023). New teaching and learning methods for the post-
pandemic time. Akya Journal, 7(2), 89-112.
https:/ /doi.org/10.37609/ akya.2497

Onyango, J. O., Waweru, P. M., & Njagi, M. W. (2022). Artificial intelligence (Al)
driven interventions in technical and vocational education and training
(TVET): Opportunities and threats. Tenth Pan-Commonwealth Forum on
Open Learning, Article 1996. https:/ /doi.org/10.56059/pcf10.1996

Kong, L., Zhang, Y., & Wang, H. (2023). Research on artificial intelligence
enabling high-quality development of vocational education. Applied
Mathematics and Nonlinear Sciences, 9(1), 1346-1362.
https:/ /doi.org/10.2478 /amns.2023.2.01346

Nagani, R. (2024). Smart school application: Enhancing educational outcomes
and processes. Indian Scientific Journal of Research in Engineering and
Management, 8(3), 736-745. https:/ /doi.org/10.55041/ijsrem33736

Luo, X., Chen, J., & Li, W. (2024). Exploration on the application of artificial
intelligence technology in vocational education teaching. Journal of
Higher Vocational Education, 16(2), 231-238.
https:/ /doi.org/10.62517/jhve.202416231

Prajapati, K., Mehta, S., & Desai, R. (2022). Aspects of artificial intelligence in
agriculture, healthcare and education. International Journal for Research
in Applied Science and Engineering Technology, 10(11), 7746-7755.
https:/ /doi.org/10.22214 /ijraset.2022.47746

Domingo-Alejo, M. (2024). Al integrated administration tool design with ML
technology for smart education system. In Proceedings of the
International Conference on Advanced Computing and Intelligent
Technologies (pp- 455-462). IEEE.
https:/ /doi.org/10.1109/icacite60783.2024.10616455

Kuppusamy, P., Anandan, R., & Kumar, S. (2021). A machine learning model for
advanced decision making in smart education systems. In M. Khosrow-
Pour (Ed.), Handbook of research on machine learning applications in
education (pp. 145-168). IGI Global. https:/ /doi.org/10.4018 /978-1-7998-
5009-0.CHO008

Ni, W., Zhang, L., & Chen, Q. (2022). Vocational education development model
based on intelligent management system. In Proceedings of the
International Conference on Educational and Information Technology
(pp. 746-751). IEEE. https:/ /doi.org/10.1109/I1CEIT54416.2022.9690746

Buranasing, P. (2020). Efficiency assessment of undergraduate students based on
academic record using deep learning methodology. International Journal
of Information and Education Technology, 10(7), 1416-1422.
https:/ /doi.org/10.18178/1JIET.2020.10.7.1416

Peng, Y., Liu, H., & Wang, Z. (2022). A decision support system model for middle
school education management based on sparse clustering algorithm.
Mobile Information Systems, 2022, Article 4807395.
https:/ /doi.org/10.1155/2022 /4807395

692



International Journal of Multidisciplinary Research and Creative Innovation Ideas -(The MIR Journal)
Vol. No 4, 2025: p.672- 693

Liu, M., Zhang, X., & Chen, Y. (2022). Practical path of application of artificial
intelligence technology in vocational education. In Proceedings of the
Artificial Intelligence and Cloud Computing Conference (pp. 132-138).
ACM. https:/ /doi.org/10.1145/3582099.3582132

Li, Y., Zhang, W., & Chen, H. (2023). Higher education worries and response in
the era of artificial intelligence. Education Quarterly Reviews, 6(3), 398-
412. https:/ /doi.org/10.54647 / education880398

Sun, J., Wang, L., & Zhou, M. (2023). Smart teaching systems: A hybrid
framework of reinforced learning and deep learning. International Journal
of Emerging Technologies in  Learning, 18(20), 217-232.
https:/ /doi.org/10.3991/ijet.v18i20.44217.

693



