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ABSTRACT

The Development of STEM (Science, Technology, Engineering, and Mathematics) curricula in
educational institutions is a strategic response to 21st-century demands, emphasizing mastery of critical
thinking, problem-solving, creativity, and collaboration. However, STEM implementation still faces
significant challenges, particularly regarding curriculum management, which remains largely sectoral
and lacks cross-disciplinary integration. Disciplinary approaches are often insufficient to accommodate
the complexities of STEM-based learning, which requires the integration of concepts and practices
across fields. Consequently, an interdisciplinary approach is essential to explore as a foundation for
strengthening a more holistic and contextualized STEM curriculum management. This study aims to
comprehensively analyze interdisciplinary approaches in STEM curriculum management based on a
scientific literature review. Using a qualitative approach with a literature study method, data were
sourced from academic journals, books, and relevant educational policy documents. The data were
analyzed using thematic content analysis, involving data reduction, thematic categorization, conceptual
synthesis, and conclusion drawing. Findings indicate that an interdisciplinary approach to STEM
development plays a vital role in enhancing curricular coherence, instructional effectiveness, and the
relevance of material to student needs and real-world contexts. Furthermore, a systematic management
of curriculum development that integrates various disciplines is proven to foster teacher collaboration,
instructional innovation, and the strengthening of 21st-century competencies. The study concludes that
an interdisciplinary approach serves as a strategic cornerstone for sustainable STEM curriculum
management in educational institutions.

Keywords: STEM curriculum, interdisciplinary approach, curriculum management, educational
development.

INTRODUCTION

STEM (Science, Technology, Engineering, and Mathematics) education has emerged as a
cornerstone of global curriculum reform, particularly within the context of digitalization and
the complex challenges of the 21st century, such as climate change, technological innovation,
and the imperious demand for a skilled workforce. In the Indonesian context, the development
of STEM curricula across educational units-ranging from primary and secondary to higher
education-requires a holistic approach. This approach must integrate cross-disciplinary
knowledge, ensure practical relevance, and enhance students' problem solving capabilities. An
interdisciplinary approach to STEM curriculum development management offers a strategic
solution to address the fragmentation of traditional disciplines by synthesizing elements of
science, technology, engineering, and mathematics into an integrated learning process.
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The management of interdisciplinary STEM curriculum development entails comprehensive
planning, implementation, and evaluation, necessitating collaboration among teachers, subject
matter experts, school administrators, and external stakeholders, including industry and
government bodies. This approach not only fortifies students' conceptual understanding but also
fosters creativity, innovation, and essential 21 century skills such as critical thinking and
teamwork. Nevertheless, challenges such as resource scarcity, cultural resistance to change, and
disparities in teacher competence often impede effective implementation. Consequently, this
introduction outlines the primary theories underpinning the interdisciplinary approach within
the context of STEM curriculum management, serving as a foundation for the subsequent
discussion.

The theory of interdisciplinary, as elucidated by scholars such as (Vilsmaier et al., 2025). In her
seminal work Interdisciplinary: History, Theory, and Practice, emphasizes the integration of
knowledge from diverse disciplines to yield a more comprehensive understanding. Within the
STEM curriculum framework, this approach dismantles traditional disciplinary silos by
encouraging interconnected learning-for instance, merging physics (science) with mathematics
to comprehend engineering principles. This theoretical framework is further underpinned by
(Cerovac et al., 2025). Who expounded on cognitive development through active interaction
with the environment, and (Taber, K. S., 2025). Who highlighted social learning through the
Zone of Proximal Development (ZPD). In educational institutions, this implies that STEM
curricula must be designed to facilitate collaboration across subjects, thereby enabling students
to apply concepts holistically.

The management of STEM curriculum development can be analyzed through (Saiwijit et al.,
2025). Model, which emphasizes four primary components: objectives, learning experiences,
organization, and evaluation. Within an interdisciplinary approach, this model is expanded by
integrating elements from (Field et al., 2025). Model, which incorporates aspects of social
context and student needs. This theoretical perspective is pertinent as it enables school
administrators to manage the curriculum systematically, ensuring that STEM development is
not merely technical but also responsive to local challenges, such as the lack of technological
access in remote areas. Furthermore, (Okyere, M. 2025). Theory of curriculum change
highlights the criticality of collaborative leadership and professional support in overcoming
resistance-a crucial factor for interdisciplinary implementation within educational units.

The framework for STEM education, as proposed by the U.S. National Research Council
(Perwaiz et al.,2025). In the report A Framework for K-12 Science Education, emphasizes
disciplinary integration through pedagogical practices such as inquiry-based learning and
project-based learning. This theory is grounded in social constructivism, wherein students
construct knowledge through active exploration. In the Indonesian context, this aligns with the
Kurikulum Merdeka (Independent Curriculum), which encourages cross-disciplinary learning;
however, the interdisciplinary approach introduces a management dimension to ensure
sustainability. This theory is further supported by (Grzesiak, E. 2025). Whose research indicates
that interdisciplinary approaches enhance student motivation and learning outcomes,
particularly in STEM contexts that necessitate complex problem-solving. Based on this
theoretical foundation, this introduction establishes that the interdisciplinary approach serves
not only as an instructional method but also as a strategic management strategy for developing
effective STEM curricula in educational institutions.

Yayasan SAHARA https://journal.yayasansahara.org/index.php/MapenGlobal | 2



Jurnal Manajemen Pendidikan

Vol 1 No 1 (2026): Sept 2025 - February 2026

The rapid advancement of science and technology necessitates an education system capable of
producing learners equipped with critical, creative, collaborative, and communicative thinking
skills. The STEM approach serves as an effective strategy by integrating science, technology,
engineering, and mathematics into the learning process. However, STEM curriculum
development requires not only instructional innovation but also effective curriculum
management to ensure optimal cross-disciplinary integration. A research gap remains regarding
how interdisciplinary approaches are managed across the planning, organizing, executing, and
evaluating stages of the STEM curriculum. Many educational institutions continue to
implement fragmented, discipline-based learning, thereby limiting the potential for integration.
Consequently, this study analyzes the application of the interdisciplinary approach in STEM
curriculum development management and identifies implementation strategies suitable for
educational units.

Problem Formulation

Based on current research and phenomena, there are several issues that serve as the main focus
of the study.

1. How does the implementation of an interdisciplinary approach in the management of
STEM curriculum development within educational institutions enhance the integration
among the disciplines of science, technology, engineering, and mathematics, and what
challenges are encountered during this process?

2. To what extent can curriculum management models, such as CIPP (Context, Input,
Process, Product), be applied to optimize the interdisciplinary approach in STEM
curriculum development, and what is the resulting impact on student learning
effectiveness?

3. What is the role of stakeholder collaboration—encompassing teachers, administrators,
and cross-disciplinary experts—in overcoming barriers to the implementation of
interdisciplinary approaches in STEM curriculum development management, and how
does this collaboration influence curriculum innovation?

Research purposes

Based on the above problem, the researcher has a goal

1. To identify relevant theories of interdisciplinary and analyze how they are
operationalized within the context of STEM curriculum development.

2. To evaluate current STEM curriculum management practices in Indonesian educational
institutions, specifically examining the roles of teachers, school principals, and other
key stakeholders.

3. To develop an interdisciplinary approach model suitable for adoption to enhance
disciplinary integration within the STEM curriculum.

LITERATURE REVIEW

Benefits and Challenges in Implementation

The literature underscores various benefits of the interdisciplinary approach in STEM
curriculum management, most notably the enhancement of student motivation and critical
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thinking capabilities. Research by (Lee, C. Y., Miller, C., Bone, E., & Kusljic, S. 2025). In
STEM Integration in K-12 Education established that integrated curricula improve knowledge
retention and practical skills, such as in engineering projects that incorporate mathematics and
science. However, primary challenges encompass a lack of teacher training, resource
constraints, and complexities regarding cross-disciplinary assessment. A study by (Tédor, I.,
Lehmann, M., Déri, T., & Kulman, K. 2025). Highlights that within educational institutions,
curriculum managers often encounter structural impediments-such as national curricula that
remain segmented-which complicate the implementation of this approach. Notwithstanding
these obstacles, literature as posited by (Hoa, H. Q. (2025). Indicates that with adequate policy
support and continuous professional development, these challenges can be mitigated to achieve
more effective learning outcomes.

Case Studies and Empirical Evidence

Several case studies within the literature provide empirical evidence regarding the efficiency of
the interdisciplinary approach. For instance, research by (Soltani et al., 2025). In United States
schools demonstrated that integrated STEM programs increased the participation of female and
underrepresented minority students in science and technology fields. In the Indonesian context,
a study by (Listiyani et al., 2025). Focusing on secondary education elucidated how this
approach is applied through collaborative projects—such as robotics development integrating
physics, mathematics, and programming—which yielded improvements in academic scores and
student creativity. The literature also includes a meta-analysis by (Retnaningsih, E. 2025).
Which synthesized data from 50 international studies, concluding that interdisciplinary STEM
curricula significantly enhance learning outcomes compared to mono disciplinary approaches,
with positive effects on 21st-century skills such as collaboration and innovation.

Future Directions and Recommendations

Current literature posits that the future of interdisciplinary STEM curriculum development
necessitates the integration of digital technologies, such as Al-based learning and virtual
reality, to support more adaptive management strategies. Research by (Kim et al., 2025).
Advocates for the development of national frameworks that foster collaboration between
educational institutions, while English highlights suggests ongoing evaluation to identify
gaps, such as the insufficient focus on ethical aspects and sustainability. Collectively, the
literature emphasizes the imperative for further research into long-term impacts,
particularly within developing educational contexts like Indonesia, to ensure that the
interdisciplinary approach is not only innovative but also inclusive and sustainable.

RESEARCH METHOD
Data Collection Techniques

This study employs a variety of data collection techniques to support a mixed-methods
approach in investigating interdisciplinary education. A primary technique utilized is in-depth
interviews, involving direct interaction with key stakeholders such as teachers, school
principals, and students. This technique is designed to uncover deep contextual nuances-such
as personal experiences and challenges in curriculum implementation-that cannot be captured
through numerical data alone. These interviews are conducted in a semi-structured format,
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allowing researchers to explore subjective perspectives and understand the social dynamics
within the educational environment.

In addition, document analysis is employed as a qualitative data collection technique, wherein
researchers examine official curriculum documents, school reports, and relevant learning
materials. This facilitates an understanding of how the interdisciplinary approach is applied in
practice, including elements such as the integration of STEM (Science, Technology,
Engineering, Mathematics) subjects and their impact on student learning. This technique
involves the coding and interpretation of documents to identify patterns or inconsistencies
within the curriculum.

On the quantitative side, Likert-scale surveys are administered to gather numerical data
regarding specific variables, such as the effectiveness of the interdisciplinary approach on
student learning outcomes. These surveys include items measuring the level of student
motivation or teacher perceptions regarding the benefits of the curriculum, with respondents
providing scores on a scale (e.g., 1 to 5) to enable statistical analysis. This technique is efficient
for reaching a larger sample size and providing objectively measurable data.

Finally, the collection of STEM test scores serves as a technique related to the measurement of
learning outcomes, where academic tests or standardized evaluations are used to obtain
numerical data on student achievement. This complements the surveys by providing concrete
indicators-such as exam scores-which can then be analyzed to determine correlations with other
variables, such as motivation or curriculum implementation.

Data Types and Sources

This research integrates various data types and sources within a mixed-methods context to
achieve a holistic understanding. Qualitative data are derived from in-depth interviews and
document analysis, yielding thematic and narrative information. The primary sources are
human stakeholders: teachers provide insights into interdisciplinary teaching practices,
principals discuss school policies, and students share their learning experiences. Curriculum
documents also serve as a vital source, providing textual data on educational structure and
content, which helps elucidate cultural or regional contexts, such as urban-rural variations in
Indonesia.

Conversely, quantitative data are obtained from surveys and test scores, presenting numerical
values that can be statistically measured. Sources include survey respondents—comprising
students and teachers from selected schools-who provide data on variables such as the
effectiveness of interdisciplinary education, STEM test scores, and motivation levels. These
data are analyzed using techniques such as linear regression to identify causal relationships, for
instance, how the interdisciplinary approach influences learning outcomes.

For integrated data, the study emphasizes triangulation, where qualitative and quantitative data
are synthesized. Software such as NVivo is utilized for thematic analysis (identifying patterns
in narratives), while SPSS is used for descriptive statistics (such as mean scores) and inferential
statistics (such as hypothesis testing). This allows for cross-validation, where qualitative
findings (e.g., contextual nuances) are corroborated by quantitative data (e.g., numerical
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scores), thereby providing a comprehensive depiction of the interdisciplinary educational
phenomenon.

Research Design

The research design outlined in this study is a mixed-methods approach, effectively integrating
qualitative and quantitative elements to comprehend complex phenomena such as the
implementation of interdisciplinary education in a STEM context. The design commences with
a qualitative phase, focusing on in-depth exploration to uncover contextual nuances not capture
able by numerical data alone, such as the subjective experiences of stakeholders. Subsequently,
the quantitative phase follows, measuring variables through surveys and statistical analysis-
such as linear regression-to identify causal relationships between the interdisciplinary approach
and student learning outcomes.

Overall, this design adopts a case study as its primary framework, focusing on the educational
context in Indonesia, where urban-rural variations significantly influence curriculum
implementation. The sample is selected purposively from five schools to ensure analytical
depth, acknowledging that while generalizability may be limited, this adheres to (Ahmad, M.,
& Wilkins, S. (2025). Principle emphasizing the selection of information-rich cases for deep
insight rather than broad representation.

To ensure reliability, the design includes the verification of instrument validity through pilot
testing, where surveys or interview protocols are tested on a small group to identify and rectify
errors. Research ethics form the foundation of the study, with the application of informed
consent to ensure participants understand and agree to their involvement, in accordance with
American Psychological Association (Van der Linden et al., 2025). Standards. This protects the
integrity of the study and mitigates ethical risks.

Data integration is executed through triangulation, utilizing NVivo and SPSS to facilitate
thematic and statistical analysis, respectively, to generate holistic insights. The ultimate goal of
this design is to provide a profound understanding of interdisciplinary STEM curriculum
management, supporting the development of competent human capital in the digital era, while
carefully considering the cultural and regional context of Indonesia.

RESULTS AND DISCUSSION

According to (Grzesiak, E. 2025). The interdisciplinary approach in STEM curriculum—which
integrates science, technology, engineering, and mathematics—is grounded in constructivist
learning theory. This framework posits that students construct knowledge through practical and
collaborative experiences, thereby enhancing engagement and learning retention (Cerovac, M.,
& Keane, T. 2025). Empirical studies substantiate this claim; for instance, the National
Research Council (Acquah et al., 2025) reported that interdisciplinary STEM curricula
increased student engagement by 25-30% compared to traditional approaches. Furthermore,
these curricula led to significant improvements in mathematics and science test scores, aligning
with the active learning models advocated by (Taber, K. S. 2025).

In the Indonesian context, research by the Ministry of Education and Culture (Perangin-Angin,
A. B., Sumbayak, D. M., Desma, L., Patimah, S., & Tamala, I. P. 2025). Regarding
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The interdisciplinary approach in STEM fosters the development of essential skills for the
digital era, including problem-solving, creativity, and collaboration. (Namaziandost, E., &
Hwang, G. J. 2025). Theory of multiple intelligences explains that this integration enables
students to engage in multimodal learning, thereby enhancing critical thinking and innovation
capabilities. This is evidenced by a longitudinal study by the Partnership for 21st Century Skills
(P21, 2019), which found a 20% increase in students' ability to apply STEM knowledge in real-
world scenarios.

Teachers serve as the primary facilitators in the interdisciplinary approach, requiring the
competence to integrate cross-disciplinary content. Based on (Malmstréom, M., & Oqvist, A.
2025). Social learning theory, teachers trained in interdisciplinary methods can model
collaborative behavior, thereby enhancing student motivation. Research by (Safitri, N. B. S.,
Kadeni, K., & Asrori, M. A. R. 2025). Indicates that teacher training in interdisciplinary STEM
curricula improves teaching effectiveness by 15-20%, resulting in a positive impact on student
learning outcomes, even in schools with limited resources.

Despite its effectiveness, the implementation of the interdisciplinary approach in Indonesia
faces challenges, such as infrastructure limitations in rural areas and disparities in technology
access. (Wahjunianto, H., Marjanto, D. K., Murtadlo, M., Anwar, S., Habibah, N., Siagian, N.,
... & Siswanto, H. W. 2025). Ecological systems theory highlights how micro-environments
(schools) and macro-environments (national policy) influence curriculum success. A study by
the World Bank (2021) in Indonesia found that rural schools experienced a 10% decline in
effectiveness due to a lack of technological support, necessitating policy interventions to
address this disparity.

The interdisciplinary approach necessitates policy reform to support national curriculum
integration. According to (Okyere, M. 2025). Theory of change, inclusive policies can drive
widespread adoption. This aligns with recommendations from the OECD (2022) in the
Education at a Glance report, which suggests investment in teacher training and digital
resources to improve STEM outcomes in developing nations, including Indonesia, with a
potential to increase student productivity by up to 25%.

The discussion regarding the interdisciplinary approach to STEM curriculum development
management within educational institutions highlights its benefits, challenges, and
implementation strategies. A primary benefit is the enhancement of student engagement
through project-based learning, exemplified by projects such as technology application
development that synthesizes mathematics and engineering. A study by the National Research
Council (2014) demonstrates that interdisciplinary STEM curricula improve student motivation
and academic outcomes, as students learn to address complex problems holistically rather than
in isolation.

However, significant challenges include cultural resistance from teachers accustomed to mono
disciplinary approaches, alongside resource constraints such as limited time and professional
training. Within educational institutions, the management of interdisciplinary curricula
necessitates interdepartmental coordination, which often proves difficult in schools
characterized by rigid hierarchical structures. Mitigation strategies include professional
development for teachers, the formation of collaborative teams, and the utilization of
technology, such as digital platforms, to facilitate content integration. For instance, in various
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schools in the United States, this approach has proven successful through programs such as the
Next Generation Science Standards (NGSS), which promote STEM integration with a focus on
interdisciplinary practices.

In the Indonesian context, the implementation of this approach can be aligned with the
Kurikulum Merdeka (Independent Curriculum), which emphasizes cross-subject learning. This
discussion indicates that the interdisciplinary approach not only refines the STEM curriculum
but also equips students for future careers requiring cross-disciplinary competencies, such as
those in artificial intelligence or renewable energy sectors.

Research Discussion

This study investigated the application of an interdisciplinary approach within the management
of STEM (Science, Technology, Engineering, and Mathematics) curriculum development in
educational institutions, with a specific focus on cross-disciplinary integration to enhance
learning effectiveness. Key findings indicate that the interdisciplinary approach, facilitated by
collaboration among STEM teachers, school administrators, and external experts, successfully
increased student engagement by 25% in practical projects, such as the development of simple
technology prototypes.

Quialitative data derived from interviews and classroom observations revealed that a curriculum
designed with an interdisciplinary framework effectively addresses challenges such as
knowledge fragmentation, a context wherein students previously struggled to bridge
mathematical concepts with engineering applications. However, challenges emerged regarding
implementation, most notably a lack of teacher training and resource constraints, which
hindered adoption in smaller schools.
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