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The transformation of higher education in Indonesia presents challenges and
opportunities for universities to develop adaptive learning ecosystems. This
study aims to analyze the Semester Learning Plans (RPS) of Basic Chemistry
courses to evaluate their alignment with digital-era learning needs. Using a
qualitative approach, the research involves document analysis of 19 RPS,
focusing on learning methods and the integration of digital technology. Data
were validated through questionnaires distributed to lecturers in charge of these
courses. Results reveal that active learning methods, such as Problem-Based
Learning (PBL) and Project-Based Learning (PjBL), dominate, yet the
integration of innovative technologies like virtual laboratories and software-
based simulations remains limited. The study highlights the importance of
adaptive learning strategies, digital literacy, and culturally responsive teaching
to support global demands. New findings emphasize the need for systematic
lecturer training and institutional support to enhance technological adoption in
teaching. This research contributes to the development of more effective and
inclusive learning environments, benefitting both science education and
society.
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INTRODUCTION

The transformation of higher Education in

Indonesia  presents challenges and  great
opportunities for universities to prepare competitive
graduates for the global era. Changes triggered by
the development of digital technology and the
dynamics of global needs require universities to
meet curriculum standards and proactively adapt to
these changes. As an educational institution,
universities have a strategic responsibility to create a
learning environment that supports the development
with flexible,
responsive abilities to global challenges and complex
social changes (Sa'adah, 2020).

Although
important step in adapting Education to the needs of
society and technology, the more fundamental

challenge lies in creating an adaptive and sustainable

of graduates innovative, and

curriculum changes are an

learning ecosystem. This environment allows
students to continue learning and developing
critical, collaborative, and creative thinking skills
that are essential in facing the uncertainty of the

world of work (Darmalaksana, 2020; Marwati et al.,

2021). Previous studies have highlighted the
importance of integrating adaptive learning models
to address these challenges. For instance,

Darmalaksana (2020) and Marwati et al. (2021)
discuss the necessity of fostering critical and
collaborative skills, yet their research does not
explore how Semester Learning Plans (RPS) can
systematically integrate these principles. Similarly,
studies by Istanti, (2019) and Wati (2023) have
emphasized the role of digital tools such as online
platforms and Al-based simulations in enhancing
learning outcomes. However, these studies lack an
analysis of how these technologies are incorporated
into specific curriculum documents like RPS,
leaving a gap that this research aims to address. The
development of digital technology also provides a
new dimension for learning. Online platforms,
virtual laboratories, technology-based simulations,
and artificial intelligence (AI)-based tools can enrich
the student learning experience (Istanti, 2019; Wati,
2023). Integrating this technology is a learning tool
and a medium that can simulate various real-world
scenarios relevant to students' disciplines (Indrawan,
2023). Digital literacy and technology skills are
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becoming increasingly crucial for graduates in this
era (Rahman, 2020).

Furthermore, this technology-based learning
approach supports a student-centered learning
paradigm (student-centered learning) (Second,
2023). By utilizing methods such as project-based
learning, problem-based, and inquiry-based,
Students can take an active role as learning agents
(Apsari et al., 2019; Cahyani, 2021; Lesnowati &
Hafifi, 2021; Mite et al., 2021). This approach allows
them to learn through independent exploration,
collaboration, and hands-on experience,
strengthening analytical and adaptive abilities
(Pokhrel & Chhetri, 2021; & Kim, 2014). However,
the existing body of research often overlooks the
structural and practical integration of these
approaches within RPS. This study contributes to
filling this gap by examining how RPS in Basic
Chemistry courses align with adaptive and digital-
era learning needs.

To ensure the effectiveness of this approach,
universities must conduct periodic evaluations of
learning strategies, including strategic documents
such as the RPS. This evaluation ensures the
relevance of learning materials to the world of work
supports  the of

competencies in the future. By creating an adaptive

and achievement relevant
and innovative learning environment, universities
can play a key role in producing graduates ready to
face the challenges of the times (Cavanagh et al.,
2020). This approach emphasizes that curriculum
change is not an obstacle but an opportunity to
create a more relevant and sustainable learning
ecosystem (Magafia, 2023). Ultimately, universities
that successfully integrate flexibility and technology
in learning will be able to create a generation of
lifelong learners who are competent and responsive
to change (Mirata et al., 2020; Pattipawaej et al.,
2023). Therefore, further studies are needed to
explore the role of study programs in creating an
adaptive and technology-based learning
environment through basic chemistry courses. By
examining strategies that can increase the flexibility
and relevance of learning to the dynamics of the
world of work, this research is expected to provide
strategic insights for developing learning strategies

in the digital era.
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METHODS

This study uses a qualitative approach with
document analysis of 19 Semester Learning Plans
(RPS) for the Basic Chemistry course (Creswell,
2015). The analysis is focused on the main elements
of the RPS, such as learning methods and the level
of technology integration in learning strategies. The
study was conducted to determine the suitability of
the learning strategies designed in the RPS with the
principles of adaptive learning and needs in the
The
systematically through the following steps:

digital era. research was conducted
1.  Selection of Documents:

a. Atotal of 19 RPS documents from various
universities were collected.

b. The documents were chosen based on
their relevance to the Basic Chemistry
course and their alignment with adaptive
learning principles.

2. Content Analysis:

a. Each RPS was reviewed to identify key
components such as learning methods and
the integration of digital technology.

b. Specific elements analyzed included:
Descriptions of learning strategies (e.g.,
project-based
learning, and group discussions); Use of

learning, problem-based

Selection of RPS
Documents

Recommendations

technology-based tools such as online
platforms and simulations.
3. Validation through Lecturer Feedback:

a. A follow-up questionnaire was designed
to gain insights from lecturers responsible
for the Basic Chemistry course.

b. The questionnaire, distributed via Google
Forms, included open-ended questions to:
Understand the rationale for selecting

Identify
challenges in implementing technology-

specific learning methods;
based strategies; Assess the perceived
relevance of RPS to adaptive learning
needs.
4. Data Interpretation:
a. Data from document analysis and lecturer
feedback were synthesized and interpreted

descriptively.
b. Patterns of alignment and gaps between
RPS content and adaptive learning

principles were identified.
5. Strategic Recommendations: Based on the
analysis, strategic recommendations
developed to improve the RPS for better

alignment with the demands of the digital era.

were

Research Workflow
To clarify the research process, the following
diagram illustrates the steps involved in this study:

Questionnaire
Design and
Distribution

Content Analysis

Data Synthesis and
Interpretation

Lecturer Feedback

Figure 1. Research Workflow

Description of Workflow

1. Start: Defined the research objectives and
identified the scope of the study.

2. Selection of RPS Documents: Gathered and
reviewed 19 RPS documents from various
universities.

3. Content Analysis: Identified and categorized
learning methods and technology integration
using a predefined framework.
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and Distribution:
Developed a Google Form to gather lecturer

4. Questionnaire Design
insights.

5. Lecturer Feedback: lecturer
responses to validate and enrich findings.

Analyzed

6. Data Synthesis and Interpretation: Integrated
all findings to identify patterns and develop
recommendations.
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7. End: Finalized strategic insights for adaptive

learning in Basic Chemistry courses.

This structured approach ensures that the
methodology aligns with the research objectives and
provides actionable insights for improving learning
strategies in higher education.

RESULTS AND DISCUSSION
Characteristics of Adaptive Learning
Environment

The analysis of the documents on 19 Basic
Chemistry RPS shows that some active learning
methods, such as Problem-Based Learning (PBL),
Case-Based Learning, and Project-Based Learning
(PjBL), have been a top choice in many study
programs. This method provides students with
relevant, real-world, problem-based learning
experiences, which help students develop critical
thinking, collaboration, and problem-solving skills
(Pradanti & Mugqtada, 2023; Usmeldi & Amini,
2022). These methods align closely with the
which
emphasizes not only subject knowledge but also
skills interdisciplinary
problem-solving. The integration of PBL and CBL

demands of 2l1st-century education,

transferable crucial for
in particular allows students to actively engage with
real-world scenarios, preparing them to address
practical challenges in their future careers (Almulla,
2020; Kusumawati et al., 2019; Rendén-Castrillon
al.,, 2023). This finding underscores the
importance of designing curricula that bridge

et

theoretical concepts and real-life applications,
ensuring that students gain both knowledge and
practical competence. This method reflects the study
program's awareness of the needs of the digital era,
where students are required to be actively involved
in learning (Alenezi, 2023; Reyes et al., 2022).
However, there needs to be more adoption of
certain learning methods. Self-directed learning and
culturally responsive teaching still need to be
applied. However, this method is important for
forming independent learners sensitive to diverse
cultural contexts. The lack of emphasis on these
methods highlights a critical gap in fostering student
autonomy and cultural adaptability, both of which
are essential for navigating the increasingly
Self-directed

globalized  workforce. learning
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empowers students to take ownership of their
educational journey, cultivating skills in time
management, goal-setting, and lifelong learning
(Schaller et al., 2023; Wang et al., 2024). On the
other hand, culturally responsive teaching provides
a framework for inclusivity, ensuring that diverse
student backgrounds are respected and integrated
into the learning process. Neglecting these methods
not only limits the holistic development of students
but also risks marginalizing learners from varied
cultural contexts, thereby reducing the overall
effectiveness of educational outcomes. This lack of
adoption can hinder the development of students'
skills to learn independently and work in a
multicultural environment (Bashir et al., 2021). In
addition, conventional learning methods such as the
Lecturing Method are still a mainstay in several
study programs, especially for materials that require
theoretical mastery. Although relevant for basic
delivery, the high reliance on lectures has the
potential to limit student involvement in more
interactive and in-depth learning (Kurniawan et al.,
2020).

The distribution of learning methods in the
study program also shows the need to add or vary
learning strategies. Methods such as Discovery
Learning and Inquiry-Based Learning, which can
help students explore material in depth, still need to
be improved. This indicates an opportunity to
expand the application of learning methods that
support deep learning and exploration-based.
Expanding these strategies is crucial for developing
a deeper understanding of complex concepts,
particularly in subjects like chemistry that often
require hands-on experimentation and critical
analysis. Discovery Learning encourages students to
uncover new knowledge independently, fostering
curiosity and innovation, while Inquiry-Based
Learning promotes systematic exploration and
evidence-based reasoning. By incorporating these
methods more extensively, educators can create a
dynamic and stimulating learning environment that
not only builds academic proficiency but also
nurtures critical thinking and problem-solving
abilities essential for scientific advancement. Based
on the analysis of 19 RPS, various learning methods
have been adopted in universities, as visualized in
Figure 1 below.
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Figure 2. Distribution of Learning Methods in the Chemistry Education Study Program

Activity-based learning methods, such as
PBL, CBL, and PjBL, are the most dominant
methods, each used by 7 to 9 study programs. These
methods are relevant to adaptive learning principles
because they involve students directly in real
problem-solving and applied projects. The frequent
use of these methods reflects a growing recognition
of their effectiveness in bridging theoretical and
practical knowledge. However, the uneven adoption
of other complementary strategies such as Inquiry-
Based Learning suggests a missed opportunity to
fully diversify pedagogical approaches. By
emphasizing a broader mix of active learning
techniques, universities can cater to varying student
needs and learning styles, ensuring a more inclusive
and impactful educational experience. Figure 1
shows the distribution of the adoption of learning
methods in the study program. The Case-Based
Learning method (9 study programs) and Problem-
Based Learning (7 study programs) are the most
frequently used, followed by the Inquiry Learning
and Discovery Learning methods. This method
develops students' critical thinking, analytical, and
collaborative skills. Meanwhile, context-based and
Self-Directed
Learning, Culturally Responsive Teaching, and

independent methods, such as
Contextual Learning, still need to be applied, with

each only being applied in 1-2 study programs.
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In addition, small group discussions are used
in some study programs, but they are more
complementary than the
the more conventional

main  approach.

Meanwhile, lecturing
method is still used in several study programs for
materials that require in-depth theoretical
Although the method

effectively delivers basic concepts, a higher reliance

explanations. lecture
on this method can reduce student involvement in
more active and in-depth learning. This reliance
highlights the tension between traditional and
modern pedagogical approaches in chemistry
education. While lectures remain indispensable for
explaining foundational theories and concepts, their
overuse may disengage students and hinder
opportunities for collaborative and experiential
learning (Saad et al., 2024). To strike a balance,
educators should consider integrating interactive
tools and active participation exercises, such as peer
teaching and flipped classrooms, into traditional
lecture formats (Bae et al., 2021). Such integration
can revitalize the learning experience and ensure
that theoretical knowledge is effectively translated
into practical competence. Adopting this learning
method reflects the study program's efforts to
integrate adaptive learning principles (Cavanagh et

al., 2020).
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Challenges and Implementation

One of the main challenges identified is the
need for more technology integration in learning.
Only study programs effectively use
technology, such as animation videos or digital

some

learning platforms. This technology can enrich
students' learning experience, especially in Basic
Chemistry courses that often require visualization of
abstract concepts. For example, the use of virtual
laboratory simulations can replace the limitations of
physical practicum and provide students with
interactive experimental experiences. However, the
lack of access to advanced technological tools,
coupled with insufficient technical training for
educators, creates a gap in maximizing the potential
of these resources. Virtual laboratories, for instance,
can significantly enhance conceptual understanding
by simulating intricate chemical processes in an
engaging and interactive manner. To address this,

20
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Number of University
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universities must not only invest in procuring these
tools but also ensure continuous technical support
and training for educators, enabling effective
integration into the curriculum.

Another challenge is the competence of
lecturers in designing and implementing technology-
based learning methods. Some lecturers may be
familiar with traditional lecture methods and need
adequate training to use technology-based methods.
In addition, the limited time required to implement
activity-based learning methods such as PjBL or
PBL is also a challenge. This method takes longer to
plan and implement than conventional lecture
methods. In an academic environment with a tight
schedule, lecturers may need help applying this
method optimally. The following is presented in
Figure 3 regarding the use of media in basic
chemistry training.

Learning Media

Figure 3. Learning Media

Based on the data analysis on graphs that
illustrate the total use of various learning platforms
in several universities, there is a significant gap in
adopting digital technology to support learning. This
graph shows that PowerPoint is the most dominant
learning medium used by 19 chemistry education
study programs. This dominance indicates that most
university lecturers use presentation-based media to
deliver material. Although PowerPoint provides
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flexibility in the delivery of information, the reliance
on this medium reflects the limitations of integrating
more interactive and adaptive learning technologies,
which can provide students with a more dynamic
and immersive learning experience. The reliance on
PowerPoint suggests a preference for convenience
over innovation, which limits opportunities for
engaging students in active learning. Interactive
tools like simulations or virtual labs can make
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abstract concepts more tangible, encouraging deeper
exploration and understanding. To bridge this gap,
institutions should provide access to advanced
platforms and training on their effective use,
promoting a shift from passive information delivery
to active learning experiences.

Meanwhile, other digital learning platforms,
such as the Learning Management System (LMS),
are only used by two universities, showing that the
utilization of this system still needs to be improved.
Platforms like LMS have great potential to support
collaborative learning, manage assessments, and
provide broader access to structured learning
materials (Dikananda et al., 2019; A. A. Rahman et
al., 2020). However, this data shows that this
potential has yet to be fully utilized. The limited
adoption of LMS reflects missed opportunities to
enhance the structure and accessibility of learning
resources. LMS platforms can serve as a centralized
hub for collaboration, feedback, and resource
sharing, fostering a cohesive learning environment.
their institutional
commitment to training educators and integrating

Expanding use requires
these systems into regular teaching practices (Meyer
et al, 2024). Moreover, tailoring LMS
functionalities to specific course needs can further
amplify their impact, creating a more personalized
and effective educational experience. In addition,
one university has only adopted other platforms
such as Edmodo, Moodle Alkana, and E-Learning-
based applications, confirming the need for more
diversification in the use of learning technology in
universities.

In addition, wusing more innovative
technologies such as animated videos and field-
specific applications such as Science Geek is even
less visible, each used by only one university. This
situation emphasizes the gap in adopting technology
to provide a richer and more contextual learning
experience, especially in courses such as Basic
Chemistry. For example, animated videos can help
students understand abstract concepts such as
molecular structure, chemical reaction dynamics, or
reaction mechanisms, which are difficult to explain
only through static media such as PowerPoint. The
lack of adoption of these tools suggests a need for
targeted efforts to integrate modern technologies
into teaching practices. Animations and field-
not only enhance

specific  applications
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comprehension but also sustain student interest by
making learning more engaging and relatable. To
overcome this gap, universities should prioritize the
their
complemented by workshops and training for

inclusion of these tools in curricula,
educators. Partnerships with technology providers
could also facilitate access to these resources,

making their implementation more feasible and

widespread.
The reality that PowerPoint is the main
choice indicates challenges in implementing

technology-based learning in universities. One of
these challenges is the need for more utilization of
more advanced learning technologies, such as the
use of virtual laboratories or software-based
simulations. This technology is very relevant for
learning in Basic Chemistry courses requiring
complex concept visualization. The low adoption
rate of this technology shows the need for strategic
steps to introduce and train lecturers in utilizing
available technology. Other challenges may be due
to infrastructure barriers, such as limited stable
internet access or adequate hardware, which also
hinder the application of more innovative learning
technologies. Another obstacle is the limited time of
lecturers in designing technology-based learning,
especially methods that require more complex
preparation and implementation. Addressing these
challenges demands a multi-faceted approach,
combining with
professional development initiatives. Stable internet

infrastructure  investments
access and modern hardware are prerequisites for
leveraging advanced technologies, while workshops
and peer mentoring programs can help educators
adapt to these tools. Moreover, revising academic
schedules to allocate time for the planning and
implementation of innovative teaching methods can
ease the burden on lecturers,
approaches more practical and sustainable (Dolci et
al., 2024).

In the context of Chemistry Education,

making these

courses such as Basic Chemistry, which require
understanding abstract concepts, can utilize effective
media such as animated videos, interactive
simulations, or science-based digital applications.
However, this data shows that the technology still
needs to be fully implemented. This can also hinder
universities' efforts to create learning relevant to the

needs of students in the digital era and the challenges



Desi Aryanti Nabuasa, et al. / Journal of Innovative Science Education 13 (3) (2024): 176-187

of Industry 4.0. Universities need to invest in
technology infrastructure and provide intensive
training to lecturers to improve digital literacy
(Svensson et al., 2022). In addition, encouragement
is needed from institutions to promote innovation in
learning design so that existing technology can be
integrated with methods that suit the learning needs
of students. The integration of such technologies not
only aligns education with the demands of Industry
4.0 but students with digital
competencies future employment.

also equips

crucial for
Institutional policies must prioritize technological
adoption by allocating resources for infrastructure
upgrades and creating incentives for educators to
innovate their teaching practices. Additionally,
fostering collaborations between academia and
industry can provide insights into emerging
technological trends, ensuring that educational
content remains relevant and forward-looking
(Oktariani et al., 2020).

Figure 3 above provides a clear picture of the
need for transformation in the learning approach in
the
education. Universities need to be more proactive in

supporting the adoption of innovative learning

study program, especially in chemistry

technologies to create a more relevant learning
student needs. This
transformation requires the development of lecturer
skills and adequate infrastructure support to ensure

experience that engages

the successful implementation of technology in
learning. Thus, wider technology integration will
answer educational challenges in the digital era and
support the development of student competencies
that are ready to face future challenges. This
transformation is not just a technological shift but a

cultural change in educational practices,
emphasizing collaboration, innovation, and
adaptability. By championing these values,

universities can position themselves as leaders in
producing graduates who are well-equipped to
thrive in an ever-evolving global landscape.

Strategies for Overcoming Obstacles

To overcome these challenges, an integrated
strategy is needed in terms of institutional policies
and lecturer competency development. First, the
study program can encourage the adoption of the
Self-Directed Learning method by training lecturers
to design learning strategies that support student
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independence. Supporting platforms such as the
Learning Management System (LMS) can also be
leveraged to allow students to access learning
resources independently. LMS platforms, as
highlighted by Cavanagh et al., (2020), can provide
structured and flexible to materials,

student-centered approach and

access
promoting a
fostering independent learning habits (Rahman et
al., 2020).

Second, the combination of lecture and active
learning methods must be applied more widely.
Lectures can be used as an introduction to provide
basic knowledge, while methods such as PBL and
group discussions deepen students' understanding of
the material. This combination not only enhances
interaction in the classroom but also ensures
conceptual and applicative mastery of the material.
Research by Pokhrel & Chhetri (2021) indicates that
a balance between traditional and active learning
fosters critical thinking while maintaining clarity in
theoretical foundations (Magafa, 2023).

Third, lecturer training in learning technology
is a priority. Universities can hold regular training
sessions to introduce lecturers to technology such as
digital simulations, virtual laboratories, and data
analysis software. This training equips lecturers with
the necessary skills to design interactive learning
experiences that align with student needs and
industry demands. Magafia (2023) emphasizes that
such training programs should be iterative and
adaptive, allowing lecturers to gradually integrate
innovative tools into their teaching practices(Tang,
2023).

Fourth, contextual methods such as culturally
responsive teaching can be strengthened by
encouraging lecturers to integrate local and cultural
examples into learning. Specialized training on
teaching responsive to cultural diversity can guide
lecturers in embedding cultural contexts into student
assignments or projects. Tang (2023) underscores
the importance of culturally contextual learning in
fostering inclusivity and engagement, especially in
educational  settings.  Additionally,
promoting these methods helps prepare students for

diverse

multicultural work environments, enhancing their
adaptability and collaborative skills Pattipawaej et al
(2023)

By implementing these strategies, universities
in

can address current challenges integrating
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adaptive learning methods and ensure that their
graduates are better equipped for future demands
(Cavanagh et al., 2020; Pattipawaej et al., 2023)

Application in the Context of Higher Education

In the context of the study program, the
application of methods such as PBL, PjBL, and
Case-Based Learning can be systematically
integrated into the RPS. Study programs can
develop policies to encourage using this method in
every course, especially basic courses such as Basic
Chemistry. This integration ensures that students
are actively engaged in problem-solving and critical
thinking processes, which are essential for real-
world applications (Arianto & Fauziyah, 2020;
Kong et al., 2024; Mite et al., 2021).

In addition, study programs can utilize digital
technology to support this learning method. For
example, PBL can be strengthened with an online
collaboration platform that allows students to work
in groups virtually (Consoli et al., 2023). Platforms
such as LMS and specialized tools like Google
Workspace or Microsoft Teams enable seamless
virtual collaboration, fostering teamwork and
communication skills (Kousloglou et al., 2023; Li et
al., 2022; Saad et al., 2024) .

Virtual laboratories
courses can also be increased to complement

in Basic Chemistry

physical practicums that may be limited due to time
constraints or facilities. Students can conduct
experimental simulations using virtual labs to
develop analytical and problem-solving skills.
Studies by Sanzana et al., (2024) highlight that
virtual laboratories provide an effective way to
visualize  complex concepts and practice
experimental methods without the constraints of
physical setups. Furthermore, Magafia, (2023)
underscores the role of adaptive virtual simulations
in personalizing student learning experiences and
increasing engagement.

Implementing adaptive learning strategies
that utilize
learning, and are relevant to the cultural context will

ensure that universities can produce graduates ready

technology, support independent

to face global demands. Adaptive learning models,
as emphasized by Cavanagh et al., (2020), not only
prepare  students  for professional
environments but also enhance their capacity for

diverse
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lifelong learning by tailoring educational content to
individual needs (Tuncel & Bahtiyar, 2015)

CONCLUSION

This study emphasizes the importance of
transforming the learning environment in higher
Education to create competent, innovative
graduates responsive to the challenges of the digital
era. The findings show that active learning methods
such as Problem-Based Learning (PBL) and Project-
Based Learning (PjBL) have been widely adopted.
However, there still needs to be more integration of
advanced learning technologies such as virtual
laboratories and software-based simulations.
Limitations in the use of technology due to
infrastructure limitations are one of the obstacles to
integration with learning. Strategies for integrating
technology-based learning methods, lecturer
training, and strengthening cultural contexts can
support adaptive learning that is relevant to global
needs. Universities need to invest in technology
infrastructure and strengthen technology-based
learning policies. With this strategic step,
universities can play a key role in producing a
generation of lifelong learners ready to face the

dynamics of the world of work.
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