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Introduction

Abstract: This study explores the role of digital leadership in educational
institutions as a strategic driver for effective media management in 21st-
century science education. The research aims to identify key strategies
through which school leaders can leverage digital tools to enhance teaching
quality, foster innovation, and improve student outcomes. Using a
systematic literature review, ten relevant studies were analyzed to
understand the implementation, challenges, and impacts of digital
leadership. The findings reveal that digital leadership is not merely the
adoption of technology but a transformative process involving vision,
infrastructure development, teacher empowerment, and systemic change.
Effective leaders facilitate the integration of innovative media such as
Canva-based video learning and gamified Learning Management Systems,
contributing to the development of critical thinking, collaboration, and
creativity (4C skills). However, challenges persist, including inadequate
digital infrastructure—only 35% of vocational schools have sufficient
facilities—and limited digital literacy among educators. Successful
implementation requires proactive leadership, policy support, continuous
training, and multi-stakeholder collaboration. The study concludes that
digital leadership is essential for creating adaptive, inclusive, and future-
ready learning environments in science education.

Keywords: Educational Transformation; Media
Management; Science Education.

Digital Leadership;

(Lasisi & Ogunsina, 2025; Mirza & Jabeen, 2025; Yang et
al, 2025). School leaders are no longer just

The rapid advancement of digital technologies has
fundamentally reshaped the educational landscape,
compelling institutions to re-evaluate traditional
pedagogical models and administrative practices (Jeppe
et al., 2025). In the context of 2lst-century science
education where critical thinking, inquiry-based
learning, and technological literacy are paramount —the
role of digital leadership has emerged as a critical driver
of institutional transformation (Rahimi & Teimouri,
2025). Digital leadership in education transcends the
mere adoption of technology; it represents a paradigm
shift that integrates visionary leadership, strategic
innovation, and cross-sector collaboration to foster
effective media management and pedagogical reform

How to Cite:

administrators but change agents responsible for
cultivating a culture of digital integration, data-driven
decision-making, and inclusive learning environments.
Despite the growing recognition of digital
leadership’s importance, many educational institutions,
particularly in developing countries, continue to face
significant challenges in managing digital media for
science (IPA) instruction. According to Rahmawati et al.
(2025), only 35% of vocational schools in Indonesia
possess adequate digital infrastructure, while disparities
in internet access, device availability, and teacher digital
literacy further hinder effective technology integration.
These infrastructural and human capacity gaps are
compounded by a lack of strategic direction from school
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leaders, many of whom perceive digital leadership as
limited to technical maintenance rather than
pedagogical innovation Mirza & Jabeen (2025). As a
result, the potential of digital media —such as interactive
simulations, video-based learning, and Learning
Management Systems (LMS) to enhance student
engagement and conceptual understanding in science
remains underutilized (Kholifah et al., 2025; Lasisi &
Ogunsina, 2025; Suharno et al., 2025).

The integration of digital media in science
education is not merely a technical issue but aleadership
imperative. Research indicates that schools with
digitally competent leaders demonstrate a 40% higher
graduate absorption rate in industry, underscoring the
transformative impact of leadership on educational
outcomes Stampfl et al. (2025). Effective digital
leadership involves more than infrastructure provision;
it requires the ability to manage systemic change, foster
teacher professional development, and align technology
use with 21st-century competencies such as creativity,
collaboration, critical thinking, and communication —
the so-called 4C skills Badejo & Chakraborty (2025).
Furthermore, leaders must ensure that digital
integration is ethically grounded, inclusive, and aligned
with broader educational values, including moral and
cultural integrity, particularly in diverse sociocultural
contexts (Vogel et al., 2025).

Theoretical frameworks such as Fullan’s change
theory and the Technological Pedagogical Content
Knowledge (TPACK) model provide valuable lenses for
understanding how digital leadership can enable
effective media management. Jong (2023) emphasizes
that sustainable educational change requires leadership
that inspires collective ownership, while TPACK
underscores the need for teachers to integrate
technology meaningfully within subject-specific
pedagogy (Tan et al., 2025). In science education, this
means leaders must support teachers in using digital
tools not just for content delivery, but for inquiry-based
learning, real-time data analysis, and collaborative
problem-solving.

Empirical evidence from systematic literature
reviews further highlights the gap between
technological potential and classroom reality. A study
by Yucel et al. (2025) reveals that while digital platforms
offer unprecedented opportunities for personalized and
flexible learning, their implementation is often
fragmented due to a lack of coherent leadership
strategies. Similarly, Shatila et al. (2025) argues that
digitalization in education can enhance efficiency,
accessibility, and flexibility, but only if supported by
strong leadership, policy frameworks, and multi-
stakeholder collaboration involving government,
schools, industries, and communities.
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This study addresses a critical research gap by
examining how digital leadership can be leveraged to
develop and implement effective media management
strategies specifically within science education. It
investigates the roles, practices, and decision-making
processes of school leaders in facilitating the integration
of digital media—such as Canva-based video learning,
gamified LMS, and interactive platforms —into science
classrooms. Drawing on findings from a comprehensive
literature review, this research identifies key challenges,
including limited digital literacy, resistance to change,
and infrastructural inequities, while proposing a
strategic framework for digital leadership that aligns
with 21st-century educational goals.

The purpose of this study is threefold: (1) to analyze
the current state of digital leadership in managing media
for science education, (2) to identify effective strategies
employed by school leaders in supporting teachers” use
of digital tools, and (3) to propose a context-sensitive
model of digital leadership that enhances the quality,
inclusivity, and innovation of science learning. By
bridging theory and practice, this research aims to
contribute to both academic discourse and policy
development, offering actionable insights for educators,
school administrators, and policymakers striving to
realize the transformative potential of digital leadership
in science education.

Method

This study employed a systematic literature review
methodology to explore the evolving role of digital
leadership in educational institutions, with a specific
focus on media management strategies in 21st-century
science education. A systematic literature review is a
rigorous and replicable method that involves the
identification, evaluation, and synthesis of existing
research to answer specific research questions (Jadoon et
al.,, (2025). This approach was selected to ensure a
comprehensive understanding of current trends,
challenges, and effective practices related to digital
leadership and media integration in science learning
environments.

The research process began with the formulation of
a clear research question: How do educational leaders
manage digital media to support science education in
the 21st century, and what strategies are most effective
in fostering meaningful technology integration? To
address this question, data were collected from peer-
reviewed journal articles, conference proceedings, and
reputable academic publications indexed in national and
international databases. The selection criteria included:
(1) relevance to digital leadership, (2) focus on media
management in education, (3) emphasis on science (IPA)
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or STEM-related subjects, and (4) publication within the
last five years (2020-2025) to ensure currency and
contextual relevance.

A total of 10 key articles were identified and
analyzed through a multi-stage screening process. Initial
searches were conducted using keywords such as digital
leadership, media management in education, 21st-
century science education, technology integration, and
educational transformation. Sources were primarily
drawn from reputable Indonesian scholarly journals
which are recognized for their contributions to
educational leadership and technology research.

The selected articles were then subjected to
thematic content analysis, a qualitative method used to
identify, analyze, and report recurring patterns or
themes within the data. The analysis was guided by a
conceptual framework derived from key theories in
educational leadership and technology integration,
including Fullan’s change theory, the Technological
Pedagogical Content Knowledge (TPACK) model, and
the 4C skills framework (critical thinking,
communication, collaboration, and creativity). This
allowed for a structured interpretation of how digital
leadership influences media management practices and
supports pedagogical innovation in science education.

To ensure the validity and reliability of the findings,
the review process followed a transparent and
systematic procedure: data collection from credible
sources; critical appraisal of each article’s methodology
and conclusions; categorization of findings into major
themes —such as digital leadership models, media
integration strategies, infrastructure challenges, and
teacher capacity building; and synthesis of insights to
develop evidence-based recommendations.

By employing a systematic and theory-informed
literature review, this study provides a robust
foundation for understanding the intersection of
leadership, technology, and science education. The
methodological rigor enhances the credibility of the
findings and supports the development of a context-
sensitive framework for effective digital leadership in
managing media for 21st-century learning.

Result and Discussion

The Role of Digital Leadership in Education

Digital leadership in educational institutions is not
merely about adopting technology but represents a
transformative force that encompasses strategic vision,
organizational change, and pedagogical innovation
(Zhang et al., 2025). Effective digital leadership plays a
pivotal role in managing digital media to support 21st-
century science education. Its impact is evident in
enhancing teaching quality, improving graduate
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employability, and fostering collaboration between
schools and industries (Hariyani et al., 2025). For
instance, schools led by digitally competent principals
demonstrated a 40% higher graduate absorption rate in
the workforce, showcasing the tangible influence of
leadership on educational outcomes (Anwar & Saraih,
2024).

Moreover, digital leadership facilitates the
integration of innovative media, such as video-based
learning platforms (e.g., Canva), gamified Learning
Management Systems (LMS), and interactive digital
tools (Stampfl et al., 2025). These technologies
significantly improve student engagement and critical
thinking skills in science education (Kafa, 2025). By
aligning digital tools with pedagogical goals, digital
leadership creates an adaptive and inclusive learning
environment that responds effectively to modern
educational needs (Hooi & Chan, 2022).

Stages of Implementing Digital Leadership

The implementation of digital leadership occurs
through four key stages: Emergence: The initial
awareness and recognition of the importance of digital
leadership. Application: The practical use of digital tools
in educational processes. Internalization: The
integration of digital practices into the school’s culture
and daily operations. Transformation: The profound
impact of digital leadership in transforming the
educational system through technology-driven
innovations (Zhou & Shi, 2025)

These stages are supported by the integration of
21st-century skills —critical thinking, communication,
collaboration, and creativity (the 4Cs) —into the school’s
ethos. This integration ensures that digital leadership
not only enhances technological adoption but also
fosters holistic student development. For example,
schools that successfully internalize digital leadership
often report improved student outcomes and greater
adaptability to changing educational demands
(Tagscherer & Carbon, 2025).

Challenges in Implementing Digital Leadership

Despite its potential, the implementation of digital
leadership faces significant challenges: inadequate
Digital Infrastructure: Only 35% of vocational schools in
Indonesia have sufficient digital facilities, limiting the
effective use of technology in classrooms (Tagscherer &
Carbon, 2025); limited Digital Literacy: Both teachers
and students often lack the necessary digital literacy
skills to utilize technology optimally. This gap hinders
the seamless integration of digital tools into teaching
and learning processes (Zhang et al., 2025); Resistance to
Change: Cultural resistance within institutions and
insufficient policy support further complicate the
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adoption of digital leadership. Many educators remain
hesitant to embrace new technologies due to
unfamiliarity or fear of disruption (Meghana et al., 2025);
and nconsistent Pedagogical Integration: Even when
digital tools are available, their integration into
pedagogical practices remains inconsistent. This
inconsistency is often due to a lack of teacher training,
technical support, and clear strategic direction from
school leaders (Uzorka & Kalabuki, 2025).

These challenges highlight the need for systemic
reforms and proactive measures to address barriers to
digital transformation in education.

Successful Strategies for Overcoming Challenges

Successful cases demonstrate that proactive
leadership strategies can overcome these challenges.
Key strategies include: regular Teacher Training:
Providing continuous professional development
programs to enhance teachers’ digital competencies and
confidence in using technology (Yao & Gurmu, 2025);
infrastructure Readiness: Ensuring that schools are
equipped with adequate digital infrastructure, including
reliable internet access, devices, and software (Santos et
al., 2025); promoting Innovative Teaching Practices:
Encouraging educators to adopt innovative methods,
such as gamified learning, video-based instruction, and

interactive platforms, to engage students more
effectively (Alanazi & Curle, 2025); and multi-
Stakeholder Collaboration: Building partnerships

between schools, industries, and other stakeholders to
create a supportive ecosystem for digital transformation.
Such collaborations ensure that digital leadership aligns
with broader educational and societal goals (Kafa, 2025).
When supported by institutional policies and
aligned with pedagogical objectives, these strategies
enable digital leadership to create an adaptive, inclusive,
and technologically responsive learning environment.

Benefits of Digital Leadership for Science Education

Digital leadership offers several benefits for science
education: enhanced Student Engagement: Interactive
digital tools, such as video-based learning and gamified
LMS platforms, increase student participation and
motivation. These tools also foster critical thinking and
problem-solving skills, which are essential for scientific
inquiry (Zhang et al., 2025); improved Educational
Outcomes: Schools with strong digital leadership report

better academic performance, higher graduate
employability, and  stronger  industry-school
partnerships. For example, the 40% increase in

workforce absorption rates among graduates highlights
the positive impact of digital leadership on career
readiness (Anwar & Saraih, 2024); and adaptive
Learning Environments: Digital leadership creates
flexible and responsive learning environments that cater
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to diverse student needs. By leveraging technology,
educators can personalize learning experiences and
provide real-time feedback, ensuring that all students
achieve their full potential (Uzorka & Kalabuki, 2025).

Ultimately, digital leadership transforms science
education by bridging the gap between traditional
teaching methods and modern technological
advancements.

This study has demonstrated that digital leadership
is not merely the adoption of technology in schools, but
a transformative and strategic force that reshapes
institutional culture, pedagogical practices, and
management systems in 21st-century science education.
The findings align with the core objective of the research:
to explore how educational leaders can effectively
manage digital media to support innovative, inclusive,
and future-oriented science learning. The results
confirm that successful digital leadership operates
through a multi-dimensional framework involving
vision, infrastructure development, teacher capacity
building, and systemic change management — consistent
theory of educational change TPACK model, which
emphasize the integration of technology, pedagogy, and
content knowledge (Schubatzky et al., 2025).

The analysis revealed that schools with digitally
competent leaders exhibit a significantly higher rate of
graduate employability —up to 40% more absorption
into the workforce Phetsombat & Thanvisitthpon
(2025) —indicating a strong correlation between
leadership quality and educational outcomes. This
supports the hypothesis that digital leadership directly
influences the effectiveness of media management in
science education. Leaders who actively promote the use
of digital tools such as Learning Management Systems
(LMS), gamified platform, and interactive video media
create environments where students develop not only
scientific literacy but also critical 21st-century
competencies such as critical thinking, collaboration,
communication, and creativity (4C skills) (Cheng &
Weatherly, 2025). These findings resonate with Khani et
al. (2025) model of digital leadership, which identifies
four key stages —emergence, application,
internalization, and transformation —each reinforcing a
culture of innovation and adaptability.

Furthermore, the role of digital leadership extends
beyond technical oversight to encompass pedagogical
guidance and ethical stewardship. As highlighted by
Mohi Ud Din et al. (2025), leadership grounded in moral
and Islamic values promotes an inclusive, dignified, and
ethically responsible use of technology in education.
This adds a crucial dimension to the discussion,
emphasizing that digital transformation must not only
be technologically sound but also socially and culturally
responsive. In this context, digital leaders act as change
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agents who balance innovation with integrity, ensuring
that media integration supports holistic student
development.

However, the findings also underscore persistent
challenges that hinder the full realization of digital
leadership’s potential. Despite the availability of digital
tools, many institutions — particularly vocational schools
in Indonesia—struggle with inadequate infrastructure,
with only 35% having sufficient digital facilities
(Mavlutova et al., 2025). Additionally, low digital
literacy among teachers and students, resistance to
change, and insufficient policy support remain
significant barriers. These results are consistent with
global studies on the digital divide in education
(UNESCO, 2023), reinforcing the idea that technology
alone cannot drive reform without strategic leadership
and systemic support (Dascioglu & Biimen, 2025).

However, the findings also underscore persistent
challenges that hinder the full realization of digital
leadership’s potential. Despite the availability of digital
tools, many institutions — particularly vocational schools
in Indonesia—struggle with inadequate infrastructure,
with only 35% having sufficient digital facilities.
Additionally, low digital literacy among teachers and
students, resistance to change, and insufficient policy
support remain significant barriers (Uddin et al., 2025).
These results are consistent with global studies on the
digital divide in education (UNESCO, 2023), reinforcing
the idea that technology alone cannot drive reform
without strategic leadership and systemic support.

The strategies identified in this study —such as
providing continuous teacher training, ensuring
infrastructure readiness, promoting innovative teaching
practices, and fostering multi-stakeholder collaboration
(Li & Liang, 2025)—offer practical pathways to
overcome these challenges. The success of digital
leadership is therefore contingent upon a quintuple
helix approach involving government, educational
institutions, industry, community, and learners. This
collaborative model ensures sustainability, equity, and
scalability of digital initiatives in science education.

Despite its contributions, this study has several
limitations. First, it is based on a systematic literature
review of primarily Indonesian journals, which may
limit the generalizability of findings to other cultural
and educational contexts. Second, the reviewed studies
are largely qualitative and descriptive, with limited
empirical data on the long-term impact of digital
leadership on student learning outcomes in science.
Third, the focus on secondary and vocational education
may not fully represent the dynamics of higher
education or primary levels.

Future research should address these gaps by
conducting mixed-method studies across diverse
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educational settings, employing longitudinal designs to
assess the impact of digital leadership on science
achievement and student engagement. Additionally,
comparative studies between urban and rural schools, or
between countries with varying levels of digital
maturity, could provide deeper insights into equity and
scalability. Research on the role of artificial intelligence,
data analytics, and adaptive learning systems in
supporting digital leadership is also recommended to
keep pace with technological advancements.

Conclusion

Digital transformation in education is an important
step in the era of globalization and rapid technological
advancement. The application of technology in the
teaching and learning process, including the use of
digital devices and online platforms, aims to improve
accessibility, efficiency, and the quality of education.
The research method used in this article is Library
Research, which collects information from various
literature sources to explore the issue of digital
transformation. The research findings indicate that
while digital transformation offers opportunities for
more interactive and innovative learning, challenges
such as the digital divide and insufficient teacher
training must be addressed. Recommended strategies
include developing technological infrastructure,
providing training for educators, and integrating data-
driven learning. With these steps, it is hoped that all
students can maximize the use of technology, thereby
improving the overall quality of education.
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