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Abstract

This study aims to identify the need for developing a redox reaction e-module based
on Project-Based Learning (PjBL) integrated with ethnopedagogy in senior high
school chemistry learning. The research addresses the gap between the Merdeka
Curriculum’s emphasis on contextual, learning and the
predominantly textbook-oriented instructional practices implemented in classrooms.
A descriptive qualitative approach was employed at SMA Negeri 2 Percut Sei Tuan
involving one chemistry teacher and 33 twelfth-grade students selected through
purposive sampling. Data were collected through teacher interviews, student needs
questionnaires, analysis of the Learning Objective Flow (ATP), and evaluation of
existing textbooks using BSNP criteria. Quantitative data from questionnaires were
analyzed using percentage calculations, while textbook feasibility was assessed using
a five-point Likert scale. The findings indicate that 81.81% of students experience
difficulties in understanding redox concepts, and learning remains largely expository
and textbook-centered. Although the analyzed textbooks achieved a high feasibility
score (89.36%, categorized as very suitable), they lack support for project-based,
contextual, and ethnopedagogical integration. Furthermore, 96.96% of students
expressed the need for interactive electronic learning media integrated with local
wisdom. These results confirm the urgency of developing a structured e-module that
aligns curriculum standards with active and culturally responsive learning. This
study contributes theoretically by providing an empirical and systematic needs-
analysis framework as a foundational basis for designing a PjBL-oriented redox e-
module integrated with ethnopedagogy, addressing the limited research on culturally
contextualized digital chemistry teaching materials.
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INTRODUCTION

Education is one of the most important aspects
of every individual's life because through
education, a person can develop their potential,
acquire knowledge, skills, and values useful in life
(Rahman et al., 2022). Therefore, education should
not only focus on the transfer of knowledge, but
also on the development of character and
competencies that prepare individuals to face the
challenges of life and society. Through a focused
learning process, education occupies a strategic
position in developing superior, characterful, and
competent human resources, as stated in Law

Number 20 of 2003 concerning the National
Education System (Qomarudin et al., 2021).

In the context of national development,
education not only plays a role in transferring
knowledge but also shapes the character and
personality of students. Quality education will
produce human resources who are not only
intellectually intelligent, but also possess skills,
creativity, innovation, and high productivity. This
is in line with the demands of the 21st century,
which emphasize the importance of mastering
critical thinking, communication, collaboration,
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and creativity competencies (Syasmita, 2019).
Therefore, schools have a big responsibility as
formal educational institutions, where teachers
play a key role in improving the quality of
learning.

To achieve national educational goals, teachers
are required not only to master the material but
also to provide learning that is appropriate to the
characteristics of the students and their
environment (Senduk, 2024). One approach that
can support this is ethnopedagogy, which is
education based on local wisdom. Through
ethnopedagogy, learning not only serves as a
means of acquiring knowledge but also as a
medium of culture that connects modern
knowledge with the values and traditions of
society (Suarningsih, 2019). The
ethnopedagogical approach provides
opportunities for students to engage directly with
the local wisdom that surrounds them, allowing
them to see the relevance of science in everyday
life. Through this contextual learning experience,
students not only gain theoretical understanding
but are also able to connect scientific concepts
with real-world practices that develop in society
(Ayu et al., 2024).

Seeing the potential of local wisdom, which
has scientific and cultural value, efforts are
needed to integrate these local values into the
formal education system. This integration not
only serves to preserve regional culture but also
to provide contextual, meaningful, and relevant
learning for students. In line with this, education
in Indonesia is now being adapted to
accommodate the needs of the 21st century in
various aspects, one of which is through the
design of a curriculum that serves as a guideline
for teaching and learning. A curriculum designed
to respond to global challenges requires learning
that encourages students to be active, creative,
and able to relate knowledge to real life (Alhayat
et al., 2023).

In the learning process, teachers need to pay
attention to students' needs by providing
appropriate supporting tools, especially in
chemistry lessons. Chemistry is often considered
difficult because of its abstract concepts and
calculations, so students are required to
understand concepts theoretically and through
experiments, so that they can obtain the facts,
concepts, and principles contained therein (Bowo,
2022). Therefore, learning chemistry requires an

instructional approach that not only helps
students understand abstract concepts but also
actively involves them in the learning process
through meaningful activities. Learning should
encourage students to construct their own
understanding by linking theoretical concepts
with real-life phenomena and their surrounding
environment. This condition highlights the need
for a learning model that supports active
participation, critical thinking, collaboration, and
contextual learning experiences.

To support the implementation of active and
contextual learning, one of the appropriate
models to use is Project-Based Learning (PjBL),
where students are involved in real projects that
allow them to explore scientific concepts and
connect them with the surrounding culture and
environment. The advantage of this model is that
it can represent learning theory in a real, simple,
and easy-to-understand way because it can be
organized independently by students (Rifai et al.,
2021).

Based on the facts and results of research
conducted by (Wati et al., 2022) The application of
the Project-Based Learning (PjBL) model can have
a significant impact on improving high school
students' learning outcomes and critical thinking
skills. The results of the study show that students'
critical thinking skills have improved, as seen
from the learning outcomes in the knowledge
domain, with an increase in the percentage of
students who have mastered the material. Data
from the study shows that PjBL is not only
effective in improving students' conceptual
understanding of abstract material but also
capable of developing affective and psychomotor
aspects in a balanced manner.

In relation to efforts to improve chemistry
learning outcomes, particularly in developing
students' critical thinking skills, various studies
have been conducted by applying innovative
learning models. A study by (Van Harling &
Martono, 2023) at SMA Negeri 3 Kota Sorong
found that implementing PjBL in redox material
significantly enhanced students’ critical thinking,
showing a very strong correlation between PjBL
syntax and improved analytical, active, and
reflective learning. However, the study focused
solely on critical thinking development without
integrating cultural contexts or local values to
enhance learning relevance to students’ daily
lives.
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In order for PjBL to be more meaningful and
relevant to everyday life, learning should be
connected to real-life contexts that are close to
students” experiences, encouraging
engagement in authentic projects
developing transferable skills and interpersonal
competencies (Rehman et al, 2024). In this
context, integrating ethnopedagogy into PjBL
connects scientific concepts with local culture and
practices,  thereby
cognitive, affective, and psychomotor outcomes
while fostering appreciation of local wisdom. This
approach allows modern science to be learned in
harmony with cultural traditions, making
learning more relevant and meaningful.

Based on the findings of (Rakhman et al.,
2025), Integrating the ethnopedagogy approach
with the Project-Based Learning (PjBL) model has
been shown to enhance learning quality. The

active
while

community enhancing

study indicates that this integration optimizes
teachers’ roles, improves student outcomes,
fosters contextual and collaborative learning, and
with
wisdom. However, the discussion remains
theoretical and does not clearly specify the media
or teaching materials used in implementing the
approach. This reveals a gap between conceptual
integration and its practical application in
chemistry learning. The lack of well-defined
teaching materials highlights the need for

enriches instructional resources local

instructional resources that are structured,
interactive, and capable of systematically
facilitating ~ project-based  activities  while

embedding local wisdom (Mustafaoglu & Yiicel,
2022).

In this context, E-modules are considered a
relevant form of teaching material because they
offer interactive and engaging features. E-
modules are equipped with various supporting
media, such as videos, animations, audio, and
interactive quizzes, which can create a more
varied and enjoyable learning experience (Sukma
& Wulandari, 2025). These features have the
potential to enhance students’ motivation and
deepen their understanding of the material. In
addition, E-modules support independent and
flexible learning, as they can be accessed anytime
and anywhere according to students’ needs
(Ashari et al., 2023).

In line with this need, research conducted by
(Ramlan Silaban, 2025) the development of a

Project-Based  Learning (PjBL) E-module

integrated with the local wisdom of Man
Belo/Marsukil (the tradition of chewing betel nut)
has been proven to increase student interest,
strengthen conceptual understanding, and foster
a love for local culture.

The study demonstrates that integrating
culture into chemistry learning aligns with the
characteristics of the Merdeka Curriculum, which
emphasizes contextual and student-centered
learning that is relevant to the socio-cultural
environment of the students. However, the
innovation developed still focuses on
stoichiometric materials, so it does not yet cover
other chemistry competencies that also require a
deep conceptual understanding,
oxidation-reduction (redox) reactions.

The integration of ethnopedagogy in
chemistry learning is important because it
connects abstract scientific concepts with
students’ local cultural contexts, making learning
more meaningful and relevant (Siswanto et al.,
2025). of this
integration largely depends on the availability of
structured  teaching materials that can
systematically accommodate both cultural values
and curriculum demands.

such as

However, the effectiveness

Although previous studies have confirmed the
effectiveness of PjBL and ethnopedagogy in
improving learning outcomes, empirical studies
focusing specifically on the needs analysis of
chemistry e-modules that systematically integrate
both approaches, particularly for abstract topics
such as oxidation-reduction (redox) reactions
remain limited. This gap highlights the necessity
of conducting a structured needs analysis as a
foundational step prior to the development of an
E-module. Therefore, this study aims to identify
the need for developing a redox reaction E-
module suitable for classroom implementation.
The findings are expected to serve as a reference
for future development of electronic-based
chemistry teaching materials.

METHOD

This study employed a descriptive qualitative
approach to analyze the need for developing
teaching materials on redox reaction topics
(Rukajat ajat, 2021). The research was conducted
at SMA Negeri 2 Percut Sei Tuan using purposive
sampling. The subjects consisted of one chemistry
teacher and 33 students of class XII D who had
studied redox reaction material. Data collection
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was conducted through four stages namely
preliminary analysis through interviews with the
chemistry teacher to identify learning conditions
and challenges in teaching redox reactions,
student analysis using a questionnaire with
Yes/No responses to determine students’ learning
difficulties, characteristics, and needs for
instructional media, then learning objective flow
(ATP) analysis to examine the alignment of
objectives with
requirements, and teaching material analysis to
evaluate the textbooks currently used in the
classroom.

Student questionnaire data were analyzed
using percentage calculations to determine the
proportion of responses for each indicator.
Meanwhile, the teaching material analysis
employed a five-point Likert scale with the
following categories: Very Good = 5, Good = 4,
Good Enough = 3, Not Good = 2, and Not Very
Good =1 (Riduwan, 2019). The percentage results
were interpreted using the following criteria: 0-
25% (very low), 26-50% (low), 51-75% (moderate),
and 76-100% (high). The overall findings were
used to identify gaps between expected and
actual learning conditions as the basis for
determining the need to develop a redox reaction
e-module

RESULTS AND DISCUSSION

The needs analysis was conducted to identify
the requirements for teaching materials on redox

learning curriculum

reaction topics. The analysis was based on data
obtained from interviews with chemistry
teachers, student questionnaires, learning
objective flow analysis, and an analysis of the
teaching materials currently used at SMA Negeri
2 Percut Sei Tuan. The findings describe the
existing learning conditions, the challenges faced
by teachers and students in learning redox
reactions, and the potential need for electronic-
based teaching materials to support more active,
contextual, and meaningful chemistry learning.
The description of each analysis is presented as
follows.

Preliminary Analysis

The preliminary analysis in this study aims to
identify fundamental problems that arise in the
chemistry learning process. At this stage, the
researcher collected preliminary information
through interviews with chemistry teachers at
SMA Negeri 2 Percut Sei Tuan to obtain an

overview of the implementation of learning, the
use of teaching materials, and learning needs in
the subject of redox reactions.

Based on the results of interviews with
chemistry teachers, it was found that the
curriculum implemented is the Merdeka
Curriculum with a deep learning approach. The
teacher as a resource, stated that familiar with and
had applied the project-based learning (PjBL)
model in the chemistry learning process.
However, the PjBL model had not been applied
routinely because not all chemistry materials
were considered suitable for presentation through
a project-based approach. Some materials
required simpler learning strategies oriented
towards understanding basic concepts, so the use
of the PjBL model was adjusted to the
characteristics of the material being taught.
Nevertheless, according to (Rehani, 2023) the PjBL
model has advantages in increasing student
engagement, developing critical thinking skills,
and linking learning to real-world contexts.
However, in chemistry learning at SMA Negeri 2
Percut Sei Tuan, the implementation of the PjBL
model has not been optimized to its full potential.

The implementation of the Project for
Strengthening the Pancasila Student Profile (P5)
in the Merdeka Curriculum requires contextual,
meaningful, and relevant learning that is relevant
to the real lives of students (Ramadhani et al.,
2025). This opens up space for the integration of
local contexts into the learning process as part of
building conceptual
understanding. However, based on interviews
with chemistry teachers at SMA Negeri 2 Percut
Sei Tuan, it was found that chemistry lessons had
never been directly linked to the context of local
wisdom, including in the material on redox
reactions.

The chemistry learning process in schools still
refers to the Merdeka Curriculum textbooks and
is not yet supported by the use of other teaching
materials. In practice, teachers tend to use
question-and-answer methods to increase student
activity, considering that the variety of teaching

character and

materials used in learning is still limited. During
the learning process, students showed greater
enthusiasm when learning was connected to real-
life contexts, which is consistent with the
principles of contextual learning theory that
emphasize the importance of linking academic
content with students’ everyday experiences to
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enhance motivation and understanding (Jubhari
et al., 2022). That is why teachers emphasized the
importance of developing teaching materials that
were contextual and relevant to the students'
environment, considering that the connection
between chemistry and local wisdom was still
rarely applied in learning. These findings form
the basis for determining the characteristics of the
e-module developed so that chemistry learning,
especially
presented in a more meaningful and contextual

redox reaction material, can be

manner.

Student Analysis
The student analysis was conducted to obtain
an initial overview of their learning needs as a

basis for developing the redox reaction e-module.
This analysis was carried out to understand
students' learning conditions, both in terms of the

problems they faced in learning, their
characteristics and the material, as well as their
needs for learning media. Therefore, data

collection is carried out by distributing initial
needs questionnaires to students, which aim to
identify the characteristics and needs of students
so that the media developed is in accordance with
the conditions and demands of learning
(Marhamah & Zikriati, 2024). The data from the
analysis of students' needs were given to 33
students in class XII D, as shown in Table .

. Frequency Percentage (%)
N t
° Question Yes No Yes No
A. Problems in learning
Do you have difficulty learning chemistry, especially redox
1 y. Y 8 Yo eop Y 27 6 81.81 18.18
reactions?
Are the difficulties you experience in learning redox reactions due
2 . 1. 18 15 54.54 45.45
to incomplete material in the textbook?
Are the difficulties you experience in learning redox reactions due
3 . . . 20 13 60.6 39.39
to uninteresting teaching methods?
During the chemistry learning process on redox reactions, is the
4 24 9 72.72 27.27
lecture method the one most often used by teachers?
Can you understand and comprehend the explanations related to
5 . . 15 18 45.45 54.54
redox reactions provided by teachers?
Are textbooks or text books the only learning resources used by
6 17 16 51.51 48.48
teachers?
Average 2017 12.83  61.11 38.89
B. Student Characteristic and Materials
When teaching redox reactions, have you ever used electronic
7 . 10 23 30.3 69.69
media?
Do you think it is necessary to use electronic media in the learning
8 26 7 78.78 21.21
process?
Are you interested in learning chemistry, specifically redox
9 . . . . . 24 9 72.72 27.27
reactions, using electronic media as a learning tool?
Would redox reaction material be more interesting if the learning
10  process encouraged students to actively explore knowledge 23 10 69.69 30.3
independently?
Would redox reaction material be easier to understand if it were
11 integrated with enopedagogy and science concept chemistry 25 8 75.75 24.24
learning?
12 Are you motivated to learn about redox reaction material? 27 6 81.81 18.18
Average 22.5 10.5 68.18 31.82
C. Media Needs
Do you need interesting learning media for redox reaction
13 . 96.96 3.03
material? 32 1
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. Frequenc Percentage (%
No Question Yes : 1\?0 Yes . l\(Io)
Is redox reaction material more interesting when using electronic
14 . 93.93 6.06
media? 31
Do you agree with the development of media in the form of e-
15 modules integrated with ethnopedagogy that help you master the 96.96 3.03
concepts of redox reaction material? 32 1
Average 31.67 1.33 95.95 4.04
N (Number of samples) 33

Based on the results of the student needs
analysis, 81.81% of students reported
experiencing difficulties in learning redox
reaction material. This high percentage indicates
that redox reactions are perceived as abstract and
conceptually challenging, requiring not only
procedural understanding but also strong
conceptual connections. Furthermore, 60.6% of
students stated that the learning methods used
were not interesting, and 51.51% reported that
learning resources were still limited to textbooks.

These findings suggest that students’ learning
difficulties are not solely caused by the
complexity of the material, but also by
instructional approaches that may not sufficiently
support active engagement and conceptual
construction. The dominance of textbook-based
learning potentially limits opportunities for
contextual and exploratory experiences, which
are essential for mastering abstract chemistry
concepts, considering that learning experiences
grounded in real-life contexts promote active
knowledge construction and deeper conceptual
understanding (Plooy et al., 2024).

Furthermore, in  terms of  student
characteristics and media needs, 69.69% of
students had never used electronic media in
learning redox However, 72.72%
expressed interest in learning through electronic
media, and the majority indicated that redox
material would be more engaging if presented
digitally. This contrast between limited exposure
and high interest reflects a gap between current

reactions.

classroom practices and students’
preferences. It implies that students are open to
more interactive and technology-supported

learning environments. Therefore, the findings

learning

highlight a clear pedagogical need for the
development of electronic-based teaching
materials that can enhance motivation, provide
interactive visualization of abstract concepts, and
support more meaningful learning experiences.

Learning Objective Flow Analysis

The Learning Objective Flow (ATP) analysis
was conducted to ensure that the proposed
development of the redox reaction e-module is
aligned with the learning objectives outlined in
the Merdeka Curriculum. The ATP analyzed in
this study refers to the ATP implemented by the
chemistry teacher at SMA Negeri 2 Percut Sei
Tuan in the corresponding academic year. This
analysis focused on identifying the scope,
sequence, and depth of redox reaction material as
stated in the ATP document.

The results indicate that the redox topic is
organized systematically, beginning with the
fundamental concepts of oxidation and reduction,
followed by the determination of oxidation
numbers, reactions,
balancing redox equations, and their application
in chemical processes. The ATP also clearly
outlines the expected competencies that students
must achieve at the senior high school level, as
learning objectives function as a foundation for

identification of redox

competency-based education (Alwi et al., 2025).

The findings of the ATP analysis serve as a
guideline in determining the structure, content
coverage, and learning progression of the e-
module to be developed. By referring to the
existing ATP, the proposed e-module is designed
to remain consistent with curriculum standards
while accommodating the identified needs for
more interactive, contextual, and project-based
learning materials.

Teaching Material Analysis

An analysis was
conducted to identify the learning resources used
in chemistry education in schools. The results of

the analysis show that the main teaching material

of teaching materials

currently used is the Merdeka Curriculum
textbook. Previously, the learning process was
also supported by the 2013 curriculum and the
education unit level curriculum (KTSP) textbooks.
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These books serve as the main reference in
delivering material, therefore the researcher
analyzed three high school chemistry textbooks

commonly used by teachers in the chemistry
learning process. The list of books analyzed in this
study is presented in Table 2.

No Title of Book Author Publisher Publication
Year
Kimia untuk Kementerian Pendidikan,
1 Yuliani K Ri 2022
SMA/MA Kelas XII uliani ebudaye'ian, iset dan 0
Teknologi
Kimia Untuk
2 SMA/MA Kelas XII Unggul Sudarmo Erlangga 2021
. . Pusat Perbukuan
3 P1.'ak.tls Belajar Rahayu Departemen Pendidikan 2009
Kimia .
Nasional
The three chemistry textbooks analyzed were pedagogical alignment with the Merdeka

evaluated using the BSNP assessment instrument
with a 1-5 Likert scale covering aspects of content
suitability, presentation suitability, language
suitability, and graphic suitability (Yudha &
Yuliani, 2023). The material analyzed in this study
was redox reaction material, including content
suitability, sub-material coverage, and the form of
assessment presented in the book in accordance
with BSNP criteria. The assessment results for
each aspect were then calculated in the form of a
suitability percentage, with a summary of the
analysis results presented in Table 3.

Percentage

No Assessment Aspect Average (g%)
1 Content suitability 86.88
2 Presentation suitability 88.27
3 Graphics 92.13
4  Language 90.16
Average 89.36

Category Very Suitable

The analysis of the three chemistry textbooks
shows that these books meet the BSNP standards
for suitability, covering content, language,
presentation, and graphics, as shown in Table 3.
The results show that the textbooks obtained high
feasibility scores in all assessed aspects, with an
overall average of 89.36% categorized as “Very
Suitable”. This indicates that the books meet
national standards in terms of content quality,
structure, language clarity, and
presentation. The visualization of the results of
the chemistry book feasibility analysis is

visual

presented in Figure 1.
However, high feasibility based on BSNP
criteria does not automatically guarantee

Curriculum. Although the textbooks demonstrate
strong compliance with national standards, their
instructional predominantly
content-oriented rather than learning-process-
oriented. The materials are generally presented in
an expository format with limited opportunities
for  project-based  activities,
exploration, or integration of local wisdom.

design remains

contextual

Textbooks that rely heavily on expository
presentation often position students as passive
recipients of information rather than active
participants in constructing understanding,
reinforcing rote memorization and limiting
opportunities for critical thinking and authentic
communication (Twentieth et al., 2025).

Percentage Average (%)

94
92,13
92
90,16

%0 88,27
88 86,88
84

Content  Presentation Graphics  Language

suitability  suitability

As a result, while the textbooks are nationally
feasible, they have not yet fully facilitated
meaningful learning experiences that emphasize
student-centered inquiry, real-world problem
solving, and ethnopedagogical integration.
Consequently, their capacity to support Project-
Based Learning (PjBL) and contextual chemistry
learning remains limited.
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CONCLUSION

This study indicates that redox reaction
instruction at SMA Negeri 2 Percut Sei Tuan has
not yet fully embodied the principles of
meaningful and contextual learning promoted by
the Merdeka Curriculum. The needs analysis
reveals that students struggle to comprehend
abstract redox concepts, are primarily exposed to
textbook-centered and expository approaches,
and have limited access to diverse instructional
resources. Although the textbooks in use satisfy
BSNP feasibility standards, their content-driven
orientation offers minimal support for project-
based activities, contextual exploration, or the
integration of ethnopedagogical elements.

At the same time, students demonstrate a
strong interest in electronic learning media,

signaling readiness for more innovative
instructional formats. Drawing on teacher
interviews, student response data, ATP

examination, and textbook feasibility analysis,
this research constructs a
empirical basis for developing a PjBL-oriented e-
module grounded in ethnopedagogical values. By

comprehensive

clarifying the disconnect between curriculum
ideals and classroom implementation, the study
provides a systematic foundation for designing
chemistry teaching materials that align national
standards with active, contextual, and culturally
responsive learning practices at the senior high
school level.

RECOMMENDATION

Based on the findings of this study, it is
recommended that future research involve a
wider range of samples and more repeated trials
for each variable to obtain more comprehensive
data. In particular, for each
concentration and cross-sectional area variable,
further studies should consider increasing the
number of samples and repetitions for each

and reliable

variation. This approach is expected to improve
the accuracy, consistency, and generalizability of
the results
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