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Abstract

The continuous advancement of digital technologies has significantly transformed the educational
practices across the world. In science education, interdisciplinary learning has become increasingly
important as modern scientific problems often require knowledge from multiple domains.. Open
Educational Resources (OER) have emerged as a powerful approach for improving accessibility,
affordability, and collaboration in education. When combined with emerging digital technologies such as
artificial intelligence, cloud computing, virtual laboratories, data analytics and the Internet of Things,
offer new possibilities for interdisciplinary science education. This study examines the role of OER and
emerging digital technologies in facilitating interdisciplinary learning in science education. The research
adopts a qualitative methodology based on literature analysis and conceptual synthesis. The findings
indicate that integrating OER with digital technologies enhances accessibility to learning resources,
promotes collaborative knowledge creation, improves student engagement, and supports personalized
learning. However, challenges such as technological infrastructure, digital literacy, and institutional
readiness must be addressed for effective implementation. The study concludes that OER combined with
emerging technologies can significantly transform interdisciplinary science education and prepare learners

for complex global challenges.
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1. Introduction

Higher education institutions across the world are undergoing significant changes due to rapid
technological advancements and the increasing availability of digital learning platforms. Science
education, in particular, has increasingly emphasized interdisciplinary learning because many
contemporary scientific problems require the integration of knowledge from multiple disciplines such as
physics, chemistry, biology, engineering, and computer science. Traditional educational models, which
mainly depend on static learning materials like printed textbooks and teacher - centered approaches which
may limit student’s opportunities to explore connections between different scientific fields. As a result,
there is a growing need for innovative educational approaches that promote collaboration, accessibility,
and interactive learning experiences. Open Educational Resources (OER) have emerged as a promising
solution to these challenges. OER refers to teaching, learning, and research materials that are freely
accessible and openly licensed, allowing users to adapt and redistribute content without significant
restrictions. These resources include open textbooks, lecture recordings, simulation tools, laboratory

manuals, and online course modules [1]. Examples of OER platforms are given in Table 1.

In addition to OER, emerging digital technologies are reshaping the way education is delivered and
experienced. Technologies such as artificial intelligence, cloud computing, virtual and augmented reality,
big data analytics, and the Internet of Things provide new opportunities to enhance learning
environments.The integration of OER with emerging technologies has the potential to create dynamic and
collaborative learning ecosystems that support interdisciplinary science education. This study explores
how these technologies can enhance teaching and learning practices and contribute to the development of

interdisciplinary knowledge.

Table 1. Examples of Open Educational Resource (OER) Platforms and their websites

S.No | Type of OER Best For Domain/Subject/Field | Website

General OER . OER Commons

1 . All subjects )

repository https://www.oercommons.org
MIT OpenCourseWare

https://ocw.mit.edu

2 | University courses | Science & Engineering

3 | Open textbooks STEM education Open.Stax
https://openstax.org
Multimedia . . MERLOT
4 . Higher education _
learning resources https://www.merlot.org
. DOAJ
5 | Research papers Academic research https://doaj.org
. . Physics & chemistry PhET
6 | Simulations experiments https://phet.colorado.edu
Engineering NPTEL

Technology learning

courses https://nptel.ac.in
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2. Evolution of Open Educational Resources

The early development of Open Educational Resources began with the rapid growth of the internet during
the late 1990s and early 2000s, which enabled educational institutions to share learning materials online
more easily. A major milestone occurred in 2001 when the Massachusetts Institute of Technology
launched the MIT Open Courseware initiative. This project made course materials from hundreds of
university courses freely available online, inspiring institutions worldwide to adopt similar practices. In
2002, the term Open Educational Resources (OER) was formally introduced by the UNESCO during the
2002 UNESCO Forum on Open Courseware. The forum defined OER as freely accessible educational
materials that educators and learners can use, adapt, and redistribute without significant restrictions. This
definition helped establish a global framework for open education. During the mid-2000s, the OER
movement expanded rapidly as universities, governments, and organizations began developing open
repositories of learning materials. The introduction of open licensing systems such as Creative Commons
allowed creators to legally share and reuse educational content while retaining certain rights. This
licensing model became the foundation for most OER initiatives. In the 2010s, the growth of digital
platforms, online learning environments, and Massive Open Online Courses (MOOCs) further
strengthened the OER ecosystem. Platforms such as Coursera, edX, and Khan Academy expanded access
to educational resources for millions of learners worldwide. Educational institutions increasingly adopted
OER to reduce textbook costs and promote collaborative learning. Recently, the importance of OER has
been reinforced by global educational challenges, including the shift toward remote and blended learning.
In 2019, UNESCO adopted the UNESCO Recommendation on Open Educational Resources, encouraging
member states to support the creation, sharing, and sustainability of open learning materials. In countries
like India, the recommendation supports national initiatives such as SWAYAM, DIKSHA, and National
Repository of Open Educational Resources, which aim to expand the availability of openly accessible
digital learning materials. Major Phases in the Evolution of Open Educational Resources in India is shown
in table 2 [2-4].

The development of Open Educational Resources (OER) in India has advanced from the initial
establishment of digital repositories to the creation of an extensive national network of open learning
platforms. Through various government programs, information and communication technology (ICT)
initiatives, and educational policy reforms, OER have become an important mechanism for expanding
access to knowledge. These developments have strengthened efforts to promote equitable education while

supporting interdisciplinary learning and lifelong educational opportunities.
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Table 2. Major Phases in the Evolution of Open Educational Resources in India

S.No | Phase Period Major developments
1 Ea}r!y .D'g'tal Pre - 2000 | Distance education and digital libraries
Initiatives
2 OER Awareness 2001 - 2008 UNESCO mfl_uence and NKC
recommendations
3 | ICT Integration 2009 - 2015 | NMEICT, NPTEL, e-PG Pathshala

4 | National Platforms 2013 - 2018 | NROER, ePathshala, SWAYAM, NDLI

S Digital Ecosystem ﬁ% — il DIKSHA, PM e-Vidya, NEP 2020 support

3. Emerging Technologies in Modern Education

Technological innovations and emerging technologies play a crucial role in supporting digital education

environments.

o One of the most influential developments in modern education is the application of
Artificial Intelligence (Al) in teaching and learning processes. It facilitates adaptive learning
systems that analyze student progress and provide customized learning support. Al-powered tools
also assist educators in automating administrative tasks, assessing student performance, and
identifying learning gaps. As a result, Al contributes to more efficient and student- centered
educational environments, thereby improving learning outcomes [5-6].

o Another important technological advancement is the use of Virtual Reality (VR) and
Augmented Reality (AR) in educational settings. These immersive technologies allow students to
visualize and interact with complex scientific concepts that may be difficult to understand through
traditional teaching methods. For instance, VR-based virtual laboratories enable learners to
conduct simulated experiments in fields such as physics, chemistry, and biology. Such
environments reduce the dependency on expensive laboratory equipment while still providing
meaningful experimental experiences. AR applications further enhance learning by overlaying
digital information onto real-world environments, making abstract concepts more accessible and
engaging [7].

o Cloud computing has also become a key infrastructure supporting digital education
systems. Cloud-based platforms enable efficient storage, management, and distribution of
educational content, including lecture materials, datasets, and multimedia resources. These
platforms allow students, educators, and researchers to collaborate in real time regardless of their
geographical location. In addition, cloud services provide access to high-performance
computational resources, which are particularly useful for scientific research, large-scale data
processing, and simulation-based learning [8].

o Furthermore, the growing importance of data science and big data analytics has
influenced the way modern education systems operate. Educational institutions increasingly
integrate data-driven tools into their curricula to help students develop analytical and

computational skills. By working with large datasets and applying statistical or machine learning
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techniques, students gain practical experience in problem-solving and evidence-based decision
making [9]. These competencies are becoming essential in many scientific, technological, and

interdisciplinary research domains (Table 3).

Overall, the integration of emerging technologies into educational systems is reshaping the traditional

learning model.

4. Interdisciplinary Learning in Science Education with OER

The complexity of contemporary scientific challenges has increased the importance of interdisciplinary
education. Scientific discoveries often occur at the intersection of multiple disciplines, requiring
researchers to combine knowledge from different fields. This integrated approach helps students develop
critical thinking, problem-solving abilities, and a broader understanding of scientific phenomena. By
combining insights from multiple domains, students are better prepared to address real-world challenges

OER platforms facilitate interdisciplinary learning by providing access to diverse educational resources
that span multiple scientific domains. Students can explore related topics across disciplines and develop a
more comprehensive understanding of complex scientific problems. Digital learning environments
supported by emerging technologies also encourage collaborative research projects where students from

different academic backgrounds can work together to solve real-world problems [10-12].

The integration of open educational resources with modern digital technologies offers several advantages
for educational institutions and learners (Table 3). And Figure 1 shows the Conceptual framework for
OER-Enabled Interdisciplinary Science Education. This framework highlights how technology-enabled
OER ecosystems support interdisciplinary knowledge integration and collaborative learning.

Table 3: Integration of Open Educational Resources and Emerging Technologies in Interdisciplinary
Science Education

Emerging Integration with | Educational Impact on Interdisciplinary

Technology | OER Application Science Education

Artificial Al systems Adaptive learning | Helps students connect

Intelligence | recommend and platforms, intelligent | concepts across physics,

(A organize OER tutoring systems. mathematics, biology, and
content based on computer science through
learners’ needs. personalized learning paths.
Cloud platforms | Online repositories, | Enables easy access to

Cloud store and distribute | collaborative document | interdisciplinary resources

. OER materials | sharing, virtual | and supports collaborative

Computing
globally. classrooms. research among students and

educators.

Virtual OER-based Virtual science | Enhances experiential

Reality (VR) | simulations  and | laboratories, 3D | learning by allowing students
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[ Augmented | open virtual lab | simulations of | to explore complex scientific
Reality (AR) | resources can be | molecules, ecosystems, | concepts across disciplines.
integrated into | and physical
immersive phenomena.
environments.
Big Data and | Data from OER | Learning analytics | Helps  educators  improve
Learning platforms can be | dashboards, interdisciplinary course
Analytics analyzed to | performance tracking | design and identify effective
understand systems. learning resources
learning patterns.
Internet  of | OER-based Smart laboratories, | Allows students to conduct
Things (IoT) | experimental sensor-based interdisciplinary experiments
guides and datasets | experiments, real-time | combining physics,
can be used with | data monitoring engineering, and
loT devices. environmental science.
Mobile OER content can | Mobile learning | Expands access to
Learning be accessed | platforms, digital | interdisciplinary science
Technologies | through textbooks, educational | education anytime  and
smartphones  and | apps. anywhere.
mobile
applications.

Emerging Digital Technologies

v

Integration with OER Platforms

Technology - E

nhanced Learning

v

Interdisciplinary Collaboration

.

[mproved Learning Outcomes in Science

Figure 1: Conceptual Framework for OER-Enabled Interdisciplinary Science Education

5. Methodology

This study adopts a qualitative research approach. It focuses on analyzing existing academic literature,

digital educational platforms, and institutional initiatives that integrate OER with modern learning

technologies.

6. Results and discussion

o Improved Accessibility of Educational Resources: The integration of OER significantly

improves access to high-quality educational materials. Students from different regions can access
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open textbooks, lectures, and simulations without financial barriers. When supported by cloud
technologies, these resources can be distributed globally.

o Enhanced Student Engagement: Emerging technologies such as virtual reality and
interactive simulations increase student engagement by allowing learners to explore scientific
concepts in immersive environments. Visualization tools help students better understand complex
interdisciplinary topics.

o Collaborative Learning Opportunities: Cloud platforms and digital repositories enable
students and educators from different disciplines to collaborate on research projects and share
knowledge. This promotes interdisciplinary learning and knowledge exchange.

o Personalized Learning Experiences: Artificial intelligence enables adaptive

learning systems that analyze student performance and provide personalized learning pathways.
This approach allows students to progress at their own pace and improve their understanding of
complex scientific topics.

Today, OER plays a crucial role in democratizing education by improving access, reducing costs, and
encouraging collaboration among educators and researchers (Table 4).

Table 4: Comparison between Traditional Education and OER - Enabled Emerging Technology Based
Learning in Interdisciplinary Science Education

Aspect Traditional Education OER + Emerging Digital

Technologies

Learning resources are often Open access to a wide range of

Access to Learning | limited to textbooks and digital resources such as open
Materials institutional libraries. textbooks, online lectures,
simulations, and research materials
High cost of textbooks, Reduced cost through freely

Cost of Education Iaborgtory materials, and available Open Educational
proprietary software. Resources and open-source

platforms.

Teaching Approach | Teacher-centered instruction Student-centered and interactive
with limited interaction and learning supported by digital tools
flexibility. and adaptive technologies.

Learning Primarily classroom-based with | Technology-enabled learning through

Environment limited technological virtual classrooms, digital
integration. laboratories, and online platforms.

Collaboration and Collaboration is often restricted | Global collaboration through cloud

Knowledge Sharing | to local classrooms or platforms, open repositories, and
institutions. online communities.

Subjects are often taught Digital resources allow integration of

Interdisciplinary separately with minimal multiple disciplines such as physics,

Learning integration. biology, chemistry, and computer

science

Learning Flexibility Flexible learning with anytime,
anywhere access through online

platforms and mobile devices.

Fixed schedules and physical
presence are required.

Assessment Methods | Traditional exams and Data-driven assessment using
assignments are the main learning analytics, adaptive quizzes,
evaluation methods. and continuous feedback systems

JETIRHMO06019 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 133


http://www.jetir.org/

© 2026 JETIR March 2026, Volume 13, Issue 3 www.jetir.org (ISSN-2349-5162)

Practical Learning Physical laboratories with Virtual laboratories, simulations, and
limited resources and time interactive experiments that enhance
constraints. conceptual understanding.

7. Challenges in OER Implementation

Despite its advantages, the adoption of OER faces several challenges that must be addressed for

successful implementation.

o Limited technological infrastructure

o Lack of digital literacy among educators

o Institutional resistance to change

o Limited awareness of OER platforms

o Awareness of intellectual property rights and open licensing frameworks is necessary

8. Conclusion

Open Educational Resources and emerging digital technologies are transforming modern science
education. Their integration provides innovative solutions for improving accessibility, collaboration, and
engagement in interdisciplinary learning environments. This study suggest that combining OER with
technologies such as artificial intelligence, cloud computing, virtual reality, and learning analytics can
enhance teaching and learning practices in science education. These technologies support interactive
learning experiences and enable students to develop interdisciplinary knowledge and problem-solving
skills.However, successful implementation requires addressing challenges related to infrastructure, digital
literacy, and institutional support. Future research should focus on developing practical strategies for
integrating OER and emerging technologies into science curricula and evaluating their impact on student
learning outcomes.
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