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Abstract: The widespread use of information and communication technology (ICT) has enhanced effectiveness and quality in management, research, and education at educational institutions. In this digital age, secondary schools are required to improve operational efficiency and educational strategies through the use of information technology. Therefore, the implementation of an enterprise architecture (EA) framework is crucial to ensure a strategic alignment between educational goals and technology. However, before implementing the framework, schools must evaluate various factors that influence the suitability and effectiveness of EA, including current technology needs, staff competencies, existing infrastructure conditions, and other factors. This study gathers and analyzes data from related studies, and the results indicate the importance of understanding EA principles to optimize academic and administrative processes. By considering variables in the selection of the EA framework, evaluating school readiness, and identifying existing challenges, this research aims to assist secondary schools in effectively implementing EA. The expected outcome of this research provides theoretical support for the adoption of EA, thus facilitating more efficient strategic and operational planning in secondary schools.
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Abstrak: Penggunaan teknologi informasi dan komunikasi (TIK) secara luas telah meningkatkan efektivitas dan kualitas dalam manajemen, penelitian, dan pendidikan di institusi pendidikan. Di era digital ini, sekolah menengah dituntut untuk meningkatkan efisiensi operasional dan strategi pendidikan melalui pemanfaatan teknologi informasi. Oleh karena itu, penerapan framework arsitektur enterprise (EA) menjadi penting untuk memastikan aliansi strategis antara tujuan pendidikan dan teknologi. Namun, sebelum penerapan framework dilakukan, sekolah harus mengevaluasi berbagai faktor yang mempengaruhi kesesuaian dan efektivitas EA, termasuk kebutuhan teknologi saat ini, kompetensi staf, kondisi infrastruktur yang ada, dan faktor lainnya. Penelitian ini mengumpulkan dan menganalisis data dari studi terkait, hasilnya menunjukkan bahwa pentingnya pemahaman tentang prinsip-prinsip EA untuk mengoptimalkan proses akademik dan administratif. Dengan mempertimbangkan variabel-variabel dalam pemilihan framework EA, evaluasi kesiapan sekolah, dan identifikasi tantangan yang ada, penelitian ini bertujuan untuk membantu sekolah menengah dalam mengimplementasikan EA secara efektif. Diharapkan hasil dari penelitian ini memberikan kontribusi teoretis yang mendukung pengadopsian EA, sehingga memfasilitasi perencanaan strategis dan operasional yang lebih efisien di sekolah menengah.
Kata kunci: Teknologi Informasi dan Komunikasi; Arsitektur Enterprise; Framework; Sekolah Menengah
INTRODUCTION
Rapid advances in information and communications technology (ICT) are critical for organizations to make a significant impact and achieve business goals. ICT has become a powerful driver of change, bringing dynamism to organizations and impacting the economy, society, work and organizational action [1]. It is now important for businesses to utilize ICT for agility, thereby enabling them to adapt and succeed in a turbulent environment [2]. One of the sectors affected by advances in ICT is education. Advances in ICT bring positive changes to school education and aim to arouse students' interest in the learning process [3]. Apart from the learning side, advances in ICT also have an impact on school management where ICT is used to integrate various components such as communication systems, information management systems, learning management systems, and administrative management systems [4]. By looking at the many roles of ICT in education, schools need an information system design strategy.
Schools are currently required to have the ability to handle information effectively, quickly and accurately and meet requirements. It is critical for schools to engage in sophisticated information systems strategic planning to ensure the smooth running of their business processes. To design an information system plan, a framework is needed that will facilitate the design and management of IS/IT infrastructure, which is usually called Enterprise Architecture (EA). EA is not just a tool for strategic planning in the IS/IT field, but functions as a versatile instrument for various other business endeavors, including but not limited to risk management, compliance management, and continuity planning [5]. In designing an information system strategy, schools need to consider the alignment between IT infrastructure to support processes within the organization. This research will discuss articles regarding enterprise architecture practices in secondary school educational environments.
The method used in this research consists of a comprehensive review of existing literature, which centers on the domains of strategic planning and enterprise architecture. The initial stage of this study effort involved identifying and clarifying the specific subject that was the focus of this investigation, namely identifying research questions appropriate to the domain of study, namely the secondary school educational environment. Next, the second stage determines the sources that will be used to conduct a literature search. After determining the specified literature search, the next step revolves around establishing the criteria that will be used to select articles for examination. The final step in this literature review includes data extraction and filtering, which ultimately culminates in the identification and selection of articles for further research and analysis.
This study aims to reveal related information regarding the current use of enterprise architecture in secondary schools. Specifically, this research aims to explore the framework that applies in secondary school education, describe the variables that are the reasons and criteria for using the framework, evaluate the readiness of schools to implement the EA framework, and identify the challenges faced in implementing the EA framework. The results of this research are very important for schools as they seek to build a strong foundation for the advancement of information systems and processes, and to ensure the effectiveness of their implementation.
METHOD
The methodology applied for the literature study in this article relies on existing academic investigations regarding enterprise planning and architecture. The methodological reference adopted in this study is the guideline developed by Kitchenham [6], which is the standard in the collection and analysis of previous studies. The procedures carried out for this literature review include: identification of objectives, determination of criteria, literature search, and data extraction.
Research Objectives
The purpose of this study is to find out the role of EA in the field of education, especially in secondary schools. The role of the EA will be explained from the answers to predetermined research questions. The questions are structured using the PICOC framework. PICOC (Population, Intervention, Comparison, Outcome, Context) is a framework that contains criteria for developing research questions [7]. Determining the criteria that will be used to develop research questions using PICOC can be seen in table 1.
Table 1. PICOC framework for identifying research questions
	Element
	Description

	Population
	Secondary school (administrative and IT staff, teaching staff, and students)

	Intervention
	Selection and implementation of an enterprise architecture framework

	Comparison
	Schools that implement the EA framework and those that don't

	Outcome
	Variables that influence the selection of an EA framework, school readiness in implementing the EA framework, and challenges during implementation

	Context
	Secondary school educational environment


Based on the PICOC framework above, research questions can be formulated. The research questions for this study can be seen in table 2.
Table 2. Research questions
	Id
	Questions

	RQ1
	What are the variables that determine the selection of an EA framework for a secondary school educational environment?

	RQ2
	How are secondary schools ready to implement the EA framework?

	RQ3
	What are the challenges in implementing an enterprise architecture framework for a secondary school environment?


Search Criteria
In this study, selection parameters were articulated through inclusion and exclusion criteria, defined as prerequisites for the inclusion or exclusion of a study from the analysis of the literature in question. Inclusion criteria serve as boundaries that determine the eligibility of a study to be incorporated in this systematic review, based on certain established standards. Meanwhile, the exclusion criteria are aimed at eliminating studies that do not meet the predetermination requirements, thereby ensuring methodological consistency and integrity of the findings. A description of the inclusion and exclusion criteria is outlined in table 3.
Table 3. Inclusion and exclusion criteria
	Inclusion Criteria
	Exclusion Criteria

	Id
	Criteria
	Id
	Criteria

	I1
	Studies that discuss the application of the EA framework
	E1
	Studies that do not discuss the application of EA frameworks

	I2
	The study subjects are junior high schools (SMP), senior high schools (SMA), or educational institutions that have a junior high or high school education level within them.
	E2
	Studies that discuss the application of the EA framework, but not for educational institutions that do not have junior or high schools in them

	I3
	Journal articles and conference papers
	E3
	Writings other than journals or conference papers such as books, white papers, etc

	I4
	Studies indexed at least SINTA 3, non-Q for SCOPUS or credible publishers
	E4
	Studies indexed under SINTA 3 or not indexed by credible publishers

	I5
	Studies are written in Indonesian or English
	E5
	Studies are written in languages ​​other than Indonesian or English

	I6
	The article period is from 2019 to 2024
	E6
	The article period is under 2019


Inclusion criteria set a minimum study index at SINTA 3 or non-Q for SCOPUS on the grounds that both indexes indicate significant academic recognition and validity. The SINTA 3 indexation ensures that the research has passed a rigorous peer-review assessment and shows a certain level of credibility in the Indonesian academic environment. Correspondingly, the SCOPUS non-Q index reflects visibility and recognition at the international level, although it does not classify the source as top in its quartile, it nevertheless confirms globally respected scientific standards. Apart from that, the establishment of the IEEE index aims to ensure the credibility, especially of conference papers, so that they can be used as a strong reference in this research. Regarding the selection of the publication period from 2019 onwards, this is based on the need for relevance to integrate leading knowledge and is in line with the dynamic evolution of information technology in education.
Literature Search
As one of the most efficient methods for identifying credible sources for a literature review, utilizing databases that specifically focus on a particular subject becomes essential. The search begins with an exploration of the library database to gain access to the latest publications and materials related to the research area. Such databases, including electronic journal collections, provide an indexed platform for effective literature searches. Electronic journals simplify the process of searching for scientific publications, including allowing specific research based on publication time period. As illustrated in image 1.
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Image 1. Database for literature search
The next phase of the process involves a thorough search through various digital databases using keywords appropriate to the discussion. To increase the effectiveness of search results, boolean operators such as 'AND' and 'OR' are integrated in the search strategy. The keywords used in the literature search were ("Enterprise Architecture" OR "Framework" OR "Information System") AND ("High School" OR "SMA" OR "SMP" OR "Education").
Data Extraction
The rules used to extract data are PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) rules which are explained using the flow diagram in image 2 below.
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Image 2. Flow diagram of writing literature using PRISMA rules

RESULT AND DISCUSSION
(RQ1) What are the variables that determine the selection of an EA framework for a secondary school educational environment?
In the academic context of secondary schools, the selection of an enterprise architecture framework becomes critical in articulating school operations holistically. This includes an explanation of the school's structure, objectives and working mechanisms. Based on the studies that have been carried out, there are several variables that are used as reasons for selecting an enterprise architecture framework which are described in table 4.
Table 4. Enterprise architecture framework selection variables
	Source
	Framework
	Selection Variables

	[8]
	TOGAF
	- One of three frameworks frequently used in architectural design
- Open source
- Focuses on the Architecture Development Method (ADM) cycle and process
- Neutral
- Accepted in the international community in general
- Comprehensive (holistic) approach
- Have tools to complete the planning and design process

	[9]
	TOGAF
	- Has complete methods and tools
- Iterative approach
- Structured phase settings 
- Adaptability
- Integrated system development
- Widely recognized

	[10]
	TOGAF
	- Flexibility
- Clear vision and principles
- Architectural development
- Process optimization

	[11]
	TOGAF
	- Ability to define business needs
- Completeness of the process
- Implementation flexibility
- Have a guide for managing needs
- Support organizational change

	[12]
	Zachman
	- Strategic planning
- Control structure for development
- Structured and systematic approach
- Strategy support guide

	[13]
	Zachman
	- Structured and comprehensive approach
- Mapping critical aspects
- Improve understanding of business and IT relationships
- Assist with system documentation and analysis
- Support for school business needs
- Holistic approach

	[14]
	FEAF
	- Development of common and standardized processes
- Effective communication and coordination
- Architectural modeling at various levels
- Integration with other frameworks

	[15]
	OADP Framework
	- Oriented to business needs
- Structured approach
- Consistent approach to each phase
- Support for business processes
- Integration capabilities and scalability
- Creating a strategic roadmap


The explanation from table 4 shows that flexibility is a leading aspect in determining an enterprise architecture framework for educational institutions. This flexibility is important so that institutions can adapt to various changes in technology, policies and teaching methods that continue to develop. An ideal framework allows institutions to adapt easily to change and encourage breakthroughs in educational practices.
An organized structure and support for clear planning are further variables in selecting a framework for the secondary school educational environment. Institutions need frameworks that not only organize existing systems but also provide clear direction for future growth and adaptation. Thus, the framework must be a solid guide for the sustainable management and development of information technology.
Strategic planning is also a variable that plays an important role in ensuring that investments in technology are aligned with the institution's long-term goals. This creates synergy between the institution's strategic direction and IT initiatives, ensuring that technology supports the achievement of larger educational goals. A framework should seamlessly integrate existing processes, encourage effective communication and enable detailed architectural modeling. Compatibility or adaptability with other systems and the ability to adapt to institutional scale are also variables considered in framework selection. As the organization grows, the framework must be able to keep up with that growth without the need for massive reconstruction.
Choosing a framework for educational institutions is not just about solving current problems, but also about preparing the foundation for future innovation and growth. Institutions need a framework that supports current operations while maintaining the ability to innovate and evolve with the times.
(RQ2) How are secondary schools ready to implement the EA framework?
Before implementing the EA framework, educational institutions need to know their readiness to ensure the implementation of the framework goes well. To find out how prepared the school is, they need to evaluate the current condition of the school, this includes IT infrastructure, business processes, and various other organizational conditions. The studies that have been carried out obtain findings regarding school conditions before implementing the EA framework. Additionally, research in [14] and [15] that designed an architectural model for secondary schools addresses the needs that institutions must meet before implementing the framework. All of these things are described in table 5.
Table 5. Institutional conditions before implementing the EA framework
	Source
	Case Study
	Institutional Conditions

	[8]
	Indonesian Senior High School Institutions
	- Use of basic technology such as Excel in carrying out all recording
- Acceptance of new students with online forms and chat media to convey information
- Scheduling and material preparation system using Excel which takes 1 week to complete
- The learning process is carried out conventionally without special technology
- The school previously had a website, but it is no longer active
- Dissemination of information via social media and word of mouth
- Student, teacher, alumni and other data is centralized in 1 administrative computer
- Student learning assessments and infrastructure operations are recorded conventionally using books or manual notes

	[9]
	SMA 123 Bandung
	- The school has implemented several information technologies in its business, but it has not been integrated
- Each department has its own system so data cannot be used directly
- Different technologies between departmental systems cause decision making to take a relatively long time

	[10]
	Sekolah Menengah Pertama Negeri 17 Pekanbaru
	- The school has a server that is used for data processing and network management
- There are laboratory facilities that support teaching and learning activities, especially those related to the use of technology
- The school has an adequate network to support school operations

	[11]
	Igasar Pindad Vocational High School Bandung
	- The school has an IT infrastructure which includes hardware, operating systems, database systems, networks and multimedia
- There are computer laboratory facilities used for practical activities in the software engineering specialty
- The school has structured business processes including administrative, financial and facilities management
- Schools have existing IT Services and often address only temporary needs with overlapping information systems

	[12]
	ABC Islamic Boarding School which has a secondary school in it
	- The school has the application of information technology as a companion to operational activities
- Schools have personnel management that experiences difficulties in managing many employees and teachers
- There are business process facilities which include registering new employees, adding departments, and creating new positions, but they are not yet optimal

	[13]
	SMK Al Hikmah Anjatan
	- Conventional business processes for admitting new students are carried out manually
- Organization and structure involving various parties in the process of accepting new students
- Organizational awareness of the new student admissions process which has not been digitized or properly integrated into the information technology system

	[14]
	Vocational High School
	- Schools have diverse business processes from registration to alumni activities, with more and more processes switching to IT-based systems
- There are information technology infrastructure facilities that support web-based applications for administrative and academic functions
- The school has an organizational goal of creating competitive human resources in the job market, with a vision and mission that supports practical and industry-relevant education
- The school has involvement with industry partners and certification bodies, demonstrating organizational alignment that it hopes to strengthen through VEEAF

	[15]
	Vocational High School
	- Schools have information technology infrastructure that is not well integrated, causing data management to be less efficient and the processing process to take a long time
- There are existing business process systems such as new student admissions, learning processes, evaluation and staff management, but these systems are not yet fully supported by information technology systems or are not integrated enough
- The school's main activities include New Student Admissions, Learning Process, and Student Graduation Process
- Supporting activities include Research and Development, Resource Management, and Financial Management
- The school focuses on the vision of becoming an international quality education and training institution with graduates who excel in science and technology, and are ready to compete in facing global challenges
- The school's mission includes producing graduates who are faithful, highly competent, and able to meet the demands of science and technology


The explanation from table 5 shows that before implementing the EA framework, a school must have a solid IT infrastructure. This includes reliable hardware, a robust network, and software and platforms that enable efficient data integration and management. There is also a need for information systems that can support school operations and integrate existing business processes. With a strong IT foundation, schools can build systems that are able to adapt the latest educational innovations and increase operational efficiency.
Apart from the infrastructure side, school business processes need to be reformed to support the implementation of the EA framework. This means a transition from manual methods to more automated and digitalized processes. Mapping and improving these business processes is important to ensure smooth information flow and fast data-driven decision making. Integration of these business processes will help in reducing redundancy, optimizing resources, and improving the quality of service to students and staff.

Alignment between the school's strategic goals and the implementation of the EA framework, as well as the commitment of all stakeholders, including school leadership, teachers, staff, students, and perhaps also parents must be finalized before implementing the framework. Proper education and training for staff to use new technologies, an organizational culture that supports innovation and change, and a clear vision of the long-term benefits of the EA framework are all components that will support a successful transition to an integrated and sustainable enterprise architecture.
(RQ3) What are the challenges in implementing an enterprise architecture framework for a secondary school environment?
In implementing the EA framework, there are challenges that will be faced based on the condition of the institution. Several challenges found from the studies conducted are outlined in table 6.
Table 6. Challenges faced by institutions in implementing the EA framework
	Source
	Implementation Challenges
	Challenge Description

	[8]
	Technology optimization
	The use of technology such as Excel has not been thoroughly optimized, causing data loss and information delays

	
	System Integration
	Failure to maintain and effectively integrate websites and social media reduces the effectiveness of digital marketing

	
	Academic and Administrative Coordination
	Traditional methods of material preparation and schedules slow down the academic process and reduce learning effectiveness

	
	Data Management and Accessibility
	Centralized data collection on a single computer hinders fast and efficient data access, slowing decision making

	[9]
	System Integration
	Difficulty integrating different IT systems between departments, hampering efficiency in data management

	
	Lack of blueprints
	There is no clear blueprint for the information system that supports school business processes

	
	Planning and implementation
	It requires careful planning and adequate resources to design an integrated architecture

	
	Change management
	Requires effective change management to overcome resistance and increase adoption by staff

	
	Technology infrastructure
	The need for adequate technological infrastructure to support framework implementation

	
	Continuation of development
	The need for continuous planning for the next stages of TOGAF ADM so that the architecture remains relevant

	[10]
	Inadequate technological infrastructure
	Schools require additional technological components such as firewalls and database servers to support smart schools

	
	Lack of application system
	Schools do not yet have application systems such as electronic attendance and e-learning that support the smart-schools concept

	
	Integration of management processes
	It is necessary to integrate teaching and management activities to facilitate access and efficiency

	
	Changes in business process management
	Business process updates with better information technology are needed to support smart schools

	[11]
	Alignment of needs
	Harmonizing information technology with business processes and school academic goals, which are often incompatible

	
	Change management
	Manage ongoing architectural changes to adapt to new needs and developments

	
	IT Infrastructure
	Meet and update complex and evolving IT infrastructure needs for laboratory

	
	Needs and requirements
	Dynamic in managing architectural requirements and changes to maintain relevance and effectiveness

	
	Stakeholder support
	Obtain and maintain support from stakeholders, including educational leaders and technicians, for successful implementation

	[12]
	Data management complexity
	Difficulty in managing large volumes of employee and teacher data

	
	Limitations of information systems
	The existing information system is considered insufficient to support operational and strategic needs

	
	The need for integration between systems
	The need for better integration between data, processes and networks

	
	Human Resource Development
	Training requirements for staff involved in implementing the framework

	
	Allocation of time and resources
	Requires effective scheduling and adequate resource allocation

	
	Stakeholder involvement
	The importance of getting support from all stakeholders such as school principals and civil service staff

	[13]
	Integration of technology and business processes
	Adapting technology to existing business processes is a challenge in ensuring operational efficiency

	
	Complex perspective mapping
	Ensuring all perspectives in the Zachman Framework (Planner, Owner, Designer) are well integrated in the system design is a key challenge

	
	Change management
	Implementing a new system requires changes to business processes and effective human resource management

	
	User training and adoption
	Ensuring end users are trained and adopt new systems effectively is a critical challenge

	
	Data security and privacy
	Maintaining the security and privacy of student data in online systems is very important and challenging

	
	Resource limitations
	Schools often face limited resources that can hinder system development

	
	Maintenance and technical support
	Requires ongoing maintenance and technical support to ensure the system continues to function properly and can adapt to changing needs

	[14]
	Lack of understanding
	There is a lack of understanding of the benefits of IT which causes difficulties in technology integration

	
	Incomplete planning
	Lack of comprehensive planning in information system application development

	
	Support and differences of opinion
	Lack of support and differences of opinion within the organization hinder IT implementation

	
	Unexploited business opportunities
	Existing IT is often not utilized optimally, resulting in potential business opportunities being missed

	
	Stakeholder involvement
	Requires serious control and involvement from stakeholders to ensure the effectiveness of framework implementation

	
	Organizational and technical readiness
	The need for organizational and technical readiness to adopt and support the changes brought by the implementation of enterprise architecture

	[15]
	System integration
	Difficulty integrating existing systems that often operate separately

	
	Human Resource capabilities
	Lack of competent IT staff to manage and troubleshoot systems

	
	Implementation costs
	High costs for procurement and implementation of IT infrastructure and software

	
	Stakeholder support
	The need for strong support and commitment from all stakeholders for effective implementation

	
	Vendor dependency
	Dependence on vendors for technology solutions can limit system flexibility and upgradeability

	
	System maintenance
	Challenges in keeping systems up to date and performing routine maintenance

	
	User training
	The need to train system users to use them effectively


From table 6, the challenges often faced in implementing enterprise architecture frameworks in secondary schools are related to efficient system integration and change management. System integration that involves combining various information technologies is often hampered by a lack of blueprints and thorough planning, resulting in ineffective resource management. This is also complicated by inadequate technological infrastructure, which requires ongoing investment and improvement.
Stakeholder involvement and resource allocation are other important challenging aspects. Support from all parties involved, including school leadership, teachers and the IT team, is needed to ensure a shared commitment to the changes that will be made. Data security and privacy are also important concerns, coupled with the challenge of significant implementation costs. Ensuring adequate user training for new systems as well as ensuring structured change management are steps that can be taken to overcome these challenges.
CONCLUSION
The decision to choose an EA framework in secondary schools is influenced by several key factors such as the flexibility of the framework, organized structure, and strategic planning. While the EA framework offers great opportunities for increased efficiency and effectiveness in school operations, there are also significant challenges, including the need for good system integration and effective change management. Before adopting an EA framework, it is important for schools to evaluate their internal conditions and needs, to ensure that the chosen implementation strategy can be implemented successfully and sustainably. It is hoped that the results of this study will encourage more schools to adopt appropriate EA frameworks to support improved strategic and operational planning.
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