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Abstract

Digital transformation is driving schools to shift from conventional management patterns
towards more strategic, data-based governance. This article aims to analyze how Artificial
Intelligence (Al) and Big Data can be optimized to support school management in moving
towards the concept of a smart school. A descriptive qualitative approach with a literature
review design is employed, through the exploration and synthesis of various studies related to
data-driven decision making, the application of AI and Big Data in education, school
leadership in the digital era, as well as data governance and Al ethics. The findings indicate
that Al and Big Data have the potential to reposition the role of school management from
merely handling administrative routines to becoming strategic, evidence-based decision
makers. Analytic systems enable more comprehensive monitoring of academic performance,
attendance, teacher workload, and the utilization of facilities, and also support predictive
analysis for early intervention for at-risk students. However, implementation in practice still
faces structural challenges (limited infrastructure and system integration) and normative
challenges (privacy, data security, and ethical use of AI. This article recommends
strengthening vision and data culture at the school level, improving data and Al literacy for
school leaders and teachers, developing clear frameworks for data governance and Al ethics,
and fostering collaboration among schools, government, universities, and technology
developers.
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Introduction

Digital transformation in the education sector is no longer merely an option, but has
become a strategic necessity to maintain the relevance and competitiveness of educational
institutions amid rapid technological developments. Various international reports emphasize
that the integration of digital technologies—including artificial intelligence—is increasingly
viewed as a prerequisite for achieving 21st-century educational goals and ensuring the
sustainability of national education systems (UNESCO, 2021; OECD, 2023). Schools, as
formal educational organizations, are at the forefront of this change. On the one hand, they face
large numbers of students, demands for public accountability, ever-increasing quality standards,
and socio-economic dynamics that affect learning processes. On the other hand, society and
stakeholders demand educational services that are more personalized, transparent, and adaptive
to change, thereby significantly increasing managerial complexity in schools.

In this context, there is a growing need for data-driven management approaches. Over the
past two decades, the use of data in educational decision-making has evolved from simple
administrative practices into a distinct field of study that emphasizes the importance of
empirical evidence in the planning, implementation, and evaluation of educational programs
(Mandinach & Schildkamp, 2020; Mandinach, 2022). Data that was previously regarded as a
mere by-product of administration—such as grades, attendance, and financial reports—is now
seen as a strategic asset that can be processed into information and insight to support more
precise decisions. This paradigm is in line with global trends that encourage education systems
to move from simple reporting towards analytical and reflective use of data in school-level
decision-making.

The development of Artificial Intelligence (Al) and Big Data further reinforces this
urgency. Big Data in the school context encompasses various types of data: academic (grades,
attendance, assessment results), behavioral (discipline, participation in extracurricular
activities, interactions on online platforms), administrative (finance, inventory, room
utilization), and social data (family background and socio-economic conditions). These data are
characterized by large volume, high variety, and rapid update velocity, making them no longer
feasible to manage manually. Al provides algorithms to mine patterns, build predictive models,
and generate recommendations that school leaders can use to make faster and more accurate
managerial decisions (Miao & Holmes, 2021; OECD, 2023). Thus, the concept of a smart
school refers not only to the use of digital devices in the classroom, but also to the utilization
of Al and Big Data throughout the entire school governance process.

The use of Al and Big Data in school management has the potential to generate impact in
various areas. In the academic domain, learning analytics and predictive analysis can be used
to monitor learning progress, identify students at risk of learning loss, and design more targeted
instructional interventions. In human resource management, teacher performance data can be
analyzed to plan professional development and teaching assignments in a more objective
manner. In terms of infrastructure, analysis of room and equipment usage data enables
optimization of scheduling and facility maintenance. In the financial domain, managing and
visualizing transaction data can improve transparency and accountability in the use of school
budgets (OECD, 2023). At the same time, the literature on Al ethics in education reminds us
that the use of such technologies must continue to place learners’ interests at the center and
uphold principles of fairness and non-discrimination in algorithm-based decision-making
(Holmes et al., 2021).

However, the implementation of Al and Big Data in schools is not without challenges.
Limitations in technological infrastructure and connectivity in many educational institutions
mean that the use of digital systems remains fragmented and not yet fully integrated (OECD,
2023). The digital competence of school leaders, teachers, and education personnel is also
uneven, so the use of data and Al for decision-making is still relatively limited. In addition, a
data-driven organizational culture has not yet been firmly established; in many cases, data is
still not used consistently as the basis for evaluation and planning (Mandinach & Schildkamp,
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2020). On the other hand, ethical issues, privacy, and the security of student data are critical
concerns that require a clear and accountable governance framework (UNESCO, 2021; Holmes
etal., 2021). Amid this great potential and these various constraints, this article aims to analyze
how AI and Big Data can be optimized to support the transformation of school management
towards smart schools, by highlighting opportunities, challenges, and practical implications for
stakeholders at the school level.

Literature Review

Research on data-driven decision making in schools shows that it has become an
important theme in education over nearly two decades. Mandinach and colleagues explain that
data should not be viewed merely as administrative numbers, but as a basis for understanding
problems, formulating questions, and choosing appropriate actions at the school level
(Mandinach, 2022). Similarly, other studies emphasize that school leaders and teachers need to
use multiple forms of evidence—assessment results, classroom observations, and longitudinal
data—systematically to support school improvement and enhance student learning outcomes
(Schildkamp et al., 2019).

In the field of Al and Big Data, the number of publications on the application of Al in
education—for example in assessment, learning analytics, and recommendation systems—has
increased rapidly. UNESCO, through the document Al and Education: Guidance for Policy-
makers, stresses that Al can help strengthen the education ecosystem if it is used in a targeted
way and remains aligned with the principles of inclusiveness, equity, and human rights (Miao
& Holmes, 2021). On the other hand, the OECD in Digital Education Outlook 2023 positions
digital transformation and data governance as key factors in improving the quality and
accountability of education (OECD, 2023).

Studies on school leadership and management in the Al era indicate that Al is increasingly
being used to help principals manage information, monitor performance indicators, and reduce
administrative workload so that they can focus more on strategic tasks (Miao & Holmes, 2021).
Reports and conceptual papers underline that the decision to adopt Al in schools is not merely
a technical matter, but also a leadership decision that requires a long-term vision and ethical
sensitivity.

The concept of a smart school in the literature does not simply refer to schools with many
ICT devices or an LMS, but to schools that utilize technology and data across the entire
management process: planning, implementation, monitoring, and evaluation. Smart schools are
characterized by integrated information systems, the use of data analytics to monitor
performance, two-way communication with parents and stakeholders, and the capacity to adapt
to environmental changes (OECD, 2023).

The literature also highlights the importance of data governance, ethics, and privacy when
Al and Big Data are used in schools. UNESCO reminds us that student data must be protected
and that the use of Al should not replace the professional role of teachers, but rather strengthen
it (UNESCO, 2021). The OECD points to the importance of trust, transparency, and
accountability in the use of educational data (OECD, 2023). Several reports on edtech
applications and facial recognition technologies in schools show that without careful regulation
and governance design, there is a risk of privacy violations and excessive surveillance of
students.

Research Methodology

This article employs a descriptive qualitative approach with a literature review design.
The data used are drawn from national and international scholarly articles, conference
proceedings, and policy reports from institutions such as UNESCO and the OECD, which were
accessed through databases (e.g., Scopus, Web of Science, and ERIC). The keywords used
include data-driven decision making, data-based decision making, artificial intelligence in
education, big data in education, smart school, and school management. The main focus of the
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review is to identify and understand concepts, findings, and ideas related to the use of Al and
Big Data in school management and the development of smart schools.

The review process was carried out in several stages: initial screening based on titles and
abstracts to select relevant sources, followed by full reading of the selected documents, and
then extraction of key information such as definitions, main concepts, and related findings. A
thematic analysis was subsequently conducted by grouping the literature into several major
themes (data-driven decision making, the role of Al and Big Data, characteristics of smart
schools, and issues of governance and ethics), which were then organized into a narrative
synthesis. This synthesis is not intended to produce statistical generalizations, but rather to
construct conceptual arguments that can serve as a basis for discussing the transformation of
school management in the digital era.

Results and Discussion
4.1 Al, Big Data, and the Repositioning of School Management Roles

The literature review indicates that Al and Big Data have the potential to reposition the
role of school management from merely “administrative routine handlers” to “strategic,
evidence-based decision makers.” Analytic systems enable principals and management teams
to obtain a more comprehensive picture of academic performance, attendance patterns, teacher
workload, and the utilization of school facilities in real time. In line with this, studies on Al-
assisted leadership suggest that many school leaders are beginning to shift their energy away
from routine tasks toward activities more closely related to instructional supervision and
teachers’ professional development, supported by analytic tools and administrative automation.

Within the smart school framework, Al and Big Data strengthen sense-making and
forecasting functions at the management level. Through predictive models, for example,
schools can identify students who are at risk of not being promoted or dropping out earlier, so
that academic, social, or financial interventions can be designed more appropriately. At the
same time, longitudinal data analysis on teacher workload and student learning outcomes can
serve as a more objective basis for curriculum planning, allocation of teaching assignments,
and the design of professional development programs. Thus, Al and Big Data do not replace
leadership, but rather change the way school leaders interpret data and use their working time.

4.2 Implementation Challenges and Data Governance Risks

Despite their great potential, the application of Al and Big Data in school management is
not free from structural and normative challenges. At the structural level, limitations in ICT
infrastructure, connectivity quality, and information system integration remain frequent
obstacles, especially in developing countries and remote areas. Digital transformation agendas
at the macro level are not always accompanied by institutional readiness and technical capacity
at the school level, so systems that are built risk becoming isolated islands of innovation that
are difficult to integrate into everyday managerial practice.

At the normative level, issues of privacy, data security, and Al ethics are of central
concern. UNESCO and the OECD both emphasize the importance of clear policy frameworks
regarding the collection, storage, processing, and use of student data, including mechanisms for
consent, access rights, and data deletion. Cases involving the use of facial recognition systems
for student attendance or behavior-monitoring applications that collect highly detailed data
show that without adequate regulation and oversight, schools may slide into excessive
surveillance practices that potentially violate children’s rights and widen the trust gap between
schools and communities.

In addition, recent literature highlights the risk of overdependence on algorithms and
platforms owned by large technology companies (Big Tech), which can shift the locus of
control over knowledge and professional judgment from educators to systems that are not fully
transparent. In the context of school management, this implies the need to strengthen data
literacy and Al literacy among principals and other stakeholders, so that they do not merely
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become passive users, but decision-makers who are able to question the assumptions, logic, and
implications of the systems they use.

4.3 Implications for Policy Design and School Management Practice

The literature findings point to several important implications for policy design and
school management practice. First, the development of smart schools based on Al and Big Data
needs to be positioned as a comprehensive institutional agenda, not merely as a device
procurement project or the adoption of specific applications. This includes strengthening
leadership vision, reorganizing work processes, and building a data culture that encourages the
use of evidence in everyday decision-making.

Second, strengthening professional capacity is key to successful implementation. School
leaders and teachers require continuous training and support related to data literacy,
interpretation of analytic reports, and basic understanding of how the Al systems they use
actually work, so that they do not merely act as operators but as co-designers in the use of
technology. Third, a clear framework for data governance and Al ethics is needed at both school
and system levels, covering privacy policies, security standards, audit procedures, and
mechanisms for the participation of parents and students in decisions concerning their data.

Fourth, collaboration with various stakeholders—universities, technology developers,
government bodies, and communities—can help schools design solutions that are more
contextual, open, and sustainable, for example through the use of free and open-source software
and the development of Al models that are sensitive to local contexts. Within such a framework,
Al and Big Data are positioned not as end goals, but as instruments to strengthen school
management capacity in realizing a more equitable, inclusive, and high-quality education

Conclusion

This article shows that the use of Al and Big Data has the potential to transform school
management from a work pattern dominated by administrative routines into strategic, evidence-
based decision making. Analytic systems enable principals and management teams to obtain a
more comprehensive picture of academic performance, attendance, teacher workload,
utilization of facilities, and stakeholder responses in a faster and more integrated manner. With
the support of predictive models and learning analytics, schools can identify students’ academic
and social risks at an early stage, design more targeted interventions, and link these efforts to
curriculum planning, human resource management, and school program development.

On the other hand, the literature review also emphasizes that the successful use of Al and
Big Data depends heavily on institutional readiness and human capacity. Structural
challenges—such as limited ICT infrastructure, connectivity, and integration of information
systems—remain issues in many contexts, particularly in developing countries. Normative
challenges, including privacy, data security, and Al ethics, demand robust data governance and
clear policy frameworks at both system and school levels. Without such frameworks, the use of
technology risks giving rise to excessive surveillance practices, algorithmic bias, and a decline
in public trust in schools.

Overall, this review concludes that: (1) data-driven decision making is a key element of
school improvement; (2) Al and Big Data provide analytic instruments that can enrich
managerial and leadership functions in schools; (3) the development of smart schools requires
leadership vision, a strong data culture, and adequate professional capacity; and (4) data
governance and Al ethics are indispensable prerequisites to ensure that technology truly
supports the realization of fair, inclusive, and high-quality school management.
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