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Abstrak

Penelitian ini bertujuan untuk merancang dan mengevaluasi modul e-learning berbasis STEM-
PBL yang terintegrasi dengan konteks budaya Jambi guna meningkatkan keterampilan 4C
siswa. Penelitian ini menggunakan jenis penelitian research and development (R&D) dengan
model ADDIE. Peserta penelitian terdiri dari 26 siswa dan 1 guru matematika dari kelas VII.1
MTs N 3 Batang Hari. Alat penelitian meliputi tes keterampilan 4C, lembar validasi ahli,
kuesioner tanggapan guru dan siswa, serta lembar observasi. Validasi materi dan desain oleh
ahli menghasilkan skor 92% dan 94%, masing-masing, dengan skor validitas keseluruhan 93%,
menunjukkan bahwa e-module memenuhi standar kualitas akademik dan pedagogis. Dalam
hal kepraktisan, uji coba individu memperoleh skor 92%, sementara uji coba kelompok kecil
mendapatkan 89%, dengan skor kepraktisan rata-rata 90,5%, menunjukkan bahwa e-modul
mudah digunakan dan mendukung pembelajaran yang efektif. Pengamatan di kelas
menunjukkan skor 88,6%, menunjukkan bahwa implementasi e-modul sesuai dengan sintaks
pembelajaran STEM-PBL. Selain itu, siswa mencapai skor n-gain rata-rata 0,78 pada tes
keterampilan 4C. Secara keseluruhan, hasil penelitian menunjukkan bahwa e-module yang
dikembangkan valid dan praktis sebagai sumber belajar. Integrasi STEM-PBL dengan pedagogi
yang relevan secara budaya dalam konteks pendidikan Indonesia menawarkan pendekatan
yang menjanjikan untuk meningkatkan keterampilan 4C siswa.

Kata Kunci: STEM-PBL,; E-Modul, Kemampuan 4C; Konteks Jambi.

Abstract

This study aimed to design and evaluate a STEM-PBL-based e-module integrated with the
cultural context of Jambi to improve students’ 4C skills. The study employed a research and
development (R&D) approach using the ADDIE model. The participants consisted of 26
students and 1 mathematics teachers from class VII.1 MTs N 3 Batang Hari. The research
instruments included a 4C skills test, expert validation sheets, teacher and student response
questionnaire, and observation sheets. The material and design expert validations yielded
scores of 92% and 94%, respectively, resulting in an overall validity score of 93%, indicating
that the e-module meets academic and pedagogical quality standards. In terms of practicality,
the individual trial achieved a score of 92%, while the small-group trial obtained 89%, with an
average practicality score of 90.5%, suggesting that the e-module is easy to use and supports
effective learning. Classroom observations showed a score of 88.6%, indicating that the
implementation of the e-module aligns well with the STEM-PBL learning syntax. Furthermore,
students achieved an average n-gain score of 0.78 on the 4C skills test. Overall, the findings
indicate that the developed e-module is valid and practical as a learning resource. Integrating
STEM-PBL with culturally relevant pedagogy in the Indonesian educational context offers a
promising approach to enhancing students’ 4C skills.

Keywords: STEM-PBL; E-Module; 4C Skills; Jambi Context.

Mosharafa: Jurnal PendidiRgn Matematikg 200

Volume 15, Number 1, January 2025
Copyright © 2025 Mosharafa: Jurnal Pendidikan Matematika


mailto:1*feri.tiona@unja.ac.id
mailto:2triagustingsi@unja.ac.id
mailto:3isnania@unja.ac.id
mailto:4laconcepcion@mmsu.edu.ph

https://doi.org/10.31980/mosharafa.v15i1.3529

I. INTRODUCTION

Education plays a strategic role in the
development of quality human resources
because it contributes directly to
individuals' thinking, problem-solving, and
innovation skills (Hairunnisa et al., 2023;
Hysa & Jakupi, 2023). In the context of
formal education, mathematics is a
fundamental subject because it plays an
important role in building students' logical,
analytical, and problem-solving  skills
(Rosyidi, 2018). However, the demands of
21st-century learning require mathematics
education to not only focus on mastering
concepts but also on strengthening the 4C
skills (critical thinking, creativity,
communication, and collaboration), which
are essential competencies in the era of
globalization and the 4.0 industrial
revolution (Jihan Nurhamidah & Arladia

Hafsya, 2024; Nurhayati et al., 2024).

Figure 1. Components skills 21st century 4C.

The 4C skills (see Figure 1) are considered
important to be applied to students from an
early age because they can address the
complex challenges of this century, namely
education facing rapid changes due to
globalization and the 4.0 industrial
revolution, which requires the ability to
think analytically, innovate, and solve
problems creatively (Jihan Nurhamidah &

Arladia Hafsya, 2024; Nurhayati et al,

2024). The 4C components that students
must possess are critical thinking, creative
thinking, communication, and
collaboration. These four skills are seen as
key competencies that students must
master in order to succeed and adapt in
today's highly dynamic global and digital era
(Nurhayati et al., 2024). Critical thinking is
the process of seeking correct conclusions
through problem solving by considering
various information and arguments (Haviz,
2009). Creativity is the ability to generate
new and innovative ideas, as well as to think
outside the box in solving various challenges
(Nurhayati et al., 2024). Communication is
the skill of conveying ideas, thoughts, and
information clearly and effectively, both
verbally and in writing, as well as listening
well. Collaboration is the ability to work
effectively with others in a team or group,
respect other opinions, and share
responsibilities to achieve common goals
(Lestari & Hindun, 2023).

With the development of technology,
innovation in digital-based learning media
has become an inevitable necessity. One
form of such innovation is the E-Module,
which is capable of providing more
interactive, visual, and flexible learning
through the integration of images, videos,
and digital activities (Cynthia et al., 2023;
Isnania et al., 2025; Saparuddin, 2022). A
number of studies show that E-Modules,
especially those containing
ethnomathematics elements, have been
proven effective in improving student
learning outcomes and engagement (Madu
et al., 2025). However, the implementation
of E-Modules in mathematics learning still
faces challenges, particularly related to the

low critical thinking and creativity skills of
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junior high school students as part of the 4C
skills  that
developed.

have not been optimally

30% 23%
0

Low Medium @ High

Figure 2. Student Critical Thinking Abilities.

Preliminary findings (see Figure 2)
obtained during the pre-research stage at
MTs N 3 Batang Hari indicate that the critical
thinking skills of seventh-grade students
remain at a low level. Based on the results
of an initial diagnostic test conducted prior
to the main study, students achieved an
average score of 58, with more than half of
the students categorized in the low-level
group. In addition, preliminary classroom
observations and informal interviews with
mathematics teachers revealed that other
4C skills were also insufficiently developed.

Observational data showed that most
levels of

students demonstrated low

communication skills, as indicated by

limited participation in discussions and
difficulties

ideas, as well as weak collaboration skills,

in articulating mathematical

reflected in  minimal role-sharing and

ineffective  cooperation during group

activities. These conditions are closely
related to the dominant use of conventional

and monotonous teaching materials, which

provide limited opportunities for
interaction, idea exploration, and
meaningful problem-solving. Therefore,

these preliminary findings highlight the
need for innovative learning materials that
can actively engage students and
systematically support the development of
students’ 4C skills.

Therefore, learning must begin with real
problems that are relevant to the students'
circumstances. To address these problems,
integrating Problem-Based Learning (PBL)
with the STEM

Engineering, Mathematics) approach is a

(Science, Technology,
promising strategy. PBL emphasizes real-
world problem-based learning and s
student-centered, encouraging them to
think critically and creatively in solving
problems (Endang Indarini, 2024; Fausih &
Danang, 2015; Nabilah et al., 2025; Nurlaela
& Imami, 2022; Saputri et al., 2025;
Syaharani et al., 2022). Meanwhile, the
STEM approach connects mathematical
concepts with science, technology, and
engineering, making learning contextual
and relevant to everyday life (Hacioglu &
Gulhan, 2021; Handayani et al., 2021;
Margaretha et al., 2024). Previous studies
have shown that the integration of PBL and
STEM

critical thinking, creativity, communication,

significantly improves students'
and collaboration skills (Khoirunnissa et al.,
2024; Pasaribu, Gustiningsi, Ariefah, et al.,
2025; Purnamasari et al., 2020; Walipah et
al., 2024).

Previous studies have confirmed that
STEM-PBL-based

practical, and

E-Modules are valid,

effective in  improving
students' critical thinking skills compared to
conventional teaching materials (Frisky
Rapika Dwi et al., 2024; Kurniati et al., 2021;
Nia et al., 2022; Pasaribu, Gustiningsi,

Ariefah, et al., 2025; Pujiono et al., 2024;
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Rohmatulloh et al., 2023). Furthermore, the
integration of ethno-STEM elements in E-
also been

Modules has proven to

strengthen students' conceptual
understanding and critical thinking skills in a
contextual manner (lzzania et al., 2024).
However, the development of STEM-PBL E-
Modules that specifically integrate the local
cultural context of Jambi to strengthen
junior high school students' 4C skills is still
relatively limited.
STEM-PBL-based

interactive and engaging material delivery

e-modules  enable
that can integrate the local context or
culture of Jambi. The use of local cultural
contexts is in line with contextual learning,
which emphasizes the connection between
material and students' real-life experiences,
thereby enhancing conceptual
understanding and higher-order thinking
skills (Jonsson et al., 2020; Susanty et al.,
2023; Wulandari et al., 2024). Jambi's local
wisdom, such as Rumah Kajang Lako and the
Batanghari River ecosystem, has great
potential as an authentic context in STEM
learning that is close to students' lives
(Ajayan et al.,, 2025; Kamid & Ramalisa,
2019). This approach not only improves 4C
skills but also fosters students' learning
cultural

motivation, creativity, and

awareness, making  learning  more
meaningful and relevant (lzzania et al,
2024; Nurhavyati et al., 2024; Thornhill-miller
et al., 2025).

Based on this description, this study
focuses on the development of a STEM-PBL-
based E-Module with a Jambi
context as a design study to improve
students' 4C

mathematics learning. This approach is

cultural
abilities, particularly in

expected to not only improve the quality of

learning and students' 21st-century skills
relevance of
through  the
integration of local cultural

but also strengthen the
mathematics  learning
meaningful

contexts.

ll. METHOD
This ADDIE
instructional design model: Analysis, Design,

study employed the
Development, Implementation, and
Evaluation to develop a STEM-PBL based e-
module intended to enhance junior high
school students’ 4C competencies. The
ADDIE framework is widely recognized for
its structured, iterative, and learner-
centered approach, making it suitable for
developing digital instructional materials in
contemporary educational research (Lestari
& Hindun, 2023; Robert Maribe, 2009). The
research was conducted using a research
(R&D)

where the ADDIE model served as the

and development methodology,

operational framework  to  ensure

systematic product development,
validation, and implementation.

In the Analysis stage, learning needs
were  analyzed  through  classroom
observations, interviews with teachers, and
curriculum document reviews to identify
student characteristics, material suitability,
and learning problems related to 4C skills.

The Design stage included designing the
structure of the e-module based on the
integration of STEM and Project-Based
Learning with the local context of Jambi,
including formulating learning objectives,
scenarios,

mapping materials, project

student activities, and designing
instruments for assessing 4C skills.
The Development stage was carried out

by developing digital e-modules according
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to the designed specifications, followed by
validation by subject matter experts, media
experts, and learning experts using
validation sheets to assess the suitability of
the content, construction, and media
display.

The Implementation stage was carried
out by testing the e-module on students to
obtain data on its practicality and user
responses, while the Evaluation stage aimed
to assess the effectiveness of the e-module
in improving students' 4C skills and revising
the product based on the evaluation results.

The research subjects consisted of junior
high school students, namely grade VIl
MTsN 3 BatangHari, who were selected
purposively according to the research
needs, and one teacher as a user of e-
modules in the learning process. Data
included: (1)

observe the

collection  instruments

observation sheets to
implementation of learning and student
activities, (2) interview guidelines to explore
the initial needs and feedback of teachers,
(3) expert validation sheets to assess the
validity of e-modules, (4) a practicality
questionnaire to measure the ease of use
and acceptability of the e-module, and (5) a
4C skills instrument in the form of tests and
assessment rubrics. 4C skills are assessed
through instruments such as: (a) Critical
thinking skills were measured through
contextual problem-based essay questions;
measured

(b) creativity was through

product and project idea assessment
rubrics; (c) collaboration was assessed using
group work observation sheets; and (d)
communication was measured through

presentation and project report rubrics.

The validity of the 4C skills instruments
was ensured through expert judgment
involving two mathematics education
experts and one learning media expert. The
critical thinking test items were validated in
terms of content relevance, clarity, and
alignment with the indicators of 4C skills.
Creativity and collaboration skills were
assessed using performance-based rubrics
used 4C

assessment frameworks in previous studies.

adapted from commonly
The creativity rubric focused on indicators
such as originality, flexibility of ideas, and
elaboration in problem-solving, while the
students’

collaboration rubric assessed

participation, role-sharing, responsibility,
and interaction during group activities. All
instruments were revised based on expert
feedback before implementation.

Data

guantitative and qualitative descriptive

analysis  techniques included
analysis. Validity and practicality data were
analyzed using percentages and feasibility
categories, while improvements in students'
4C skills were analyzed using average scores
and N-gain to determine the effectiveness
of the e-module (Sari & Fauzi, 2025).
Qualitative data from observations and
interviews were analyzed descriptively to
reinforce the interpretation of quantitative
basis for

results and as a product

refinement. The N-Gain was calculated

using the formula:
N Galn _ posttest score—pretest score

maximum score—pretest score

Furthermore, Hake (1999) states that
normalized gain (N-Gain) assessment is
classified into three levels, namely high for
N-Gain values of 0.7 or above, medium for
values ranging from 0.3 to less than 0.7, and
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low for values of 0.3 or below. A product is
regarded as acceptable when it attains an N-
Gain score between 0.3 and 1.0. To ensure
the validity and reliability of the findings, the
researchers applied triangulation of sources
and methods. Instrument reliability was
examined through internal consistency
analysis during the limited field trial. The
that the 4C skills

instruments were reliable and suitable for

results indicated

assessing students’ performance in the
learning context. Triangulation was carried
out by comparing observation results,
interview data, and quantitative findings
from pretest and posttest. By using multiple
sources and data collection techniques, the
researchers ensured that the conclusions
accurately reflected the real classroom
This
trustworthy

conditions. step was crucial for

producing results and

enhancing the credibility of the study.

lll. RESULT AND DISCUSSION

Study This produce product learning in
the form of STEM-PBL Based E-Module with
The Jambi context aims For Increase
Students' 4C Skills. Product the developed
through the five stages of the ADDIE model:
Design,

Analysis, Development,

Implementation, and Evaluation. The
effectiveness of the E-Module was
evaluated through validation expert , trial
limited with 26 students class VII, analysis
results learning , and teacher interviews .
E-Module on research This will made use
Canva and Flip HTML 5, The approach used
in the E-Module, namely STEM and PBL
based that combines learning indicators
STEM- based and Steps in PBL which Steps
learning the support the following 4C

capabilities is results development of STEM-

PBL based E-Modules with context Jambi.
here is the E-Module link:
https://drive.google.com/file/d/1YiBTo46G
R KQ9KzgyJBjZ8eNm8IpZ gt/view?usp=sha

ring
This page aims to help users understand

how to use the E-Module to its fullest
potential. The introduction page contains a
brief overview of the E-Module and a brief
explanation of STEM-PBL used in this E-
critical  thinking

Module, as well as

indicators. The module sections are

presented in Figure 3-8.

Did You Know?

ICON

GU TAPA MALENGGANG

ng in Muara Bulian, ri
ent that symbolizes loca in thi
. he story of Tapa
tang Harl folklore know rul
le in trouble. With his power, Tapa
he community without using his abilities

the center of the Tapa Mal

Jambi
context
|
Figure 3. The Jambi Context for Starting Learning.
Figure 3 presents the integration of

a
playground, maki an appealing tourist

Jambi local context at the beginning of
which
elements such as Tugu Tapa Malenggang as

learning, introduces  cultural

a contextual trigger for problem
identification. This contextualization aims to
engage students and link mathematical
concepts with their real-life experiences.

——»| PBLskills
4| PBL Syntax

» | The STEM element
is Science

The Developing
4C Skills: Critical
Thinking =

¢ |

Figure 4. Material page of science element.
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Figure 4 shows the problem formulation
which

thinking through contextual observation

stage, initiates students’ critical
activities. This module page shows the
problem formulation stage (PBL syntax)
through observation of passport photos and
traditional houses, which raises questions
about the concept of congruence. This
activity requires PBL skills such as identifying
problems, facts

gathering through

observation, and beginning to develop
STEM

evident in the use of zoom in zoom out

initial reasoning. elements are
technology as a scientific context for
understanding similarities in shape. In
addition, this activity develops students'
4Cs, namely critical thinking when analyzing
similarities between objects. Each material
context is linked to the context of Jambi, one
of which is the Jambi hero Sulthan Thaha

Saifudin.

- sy | PBLskills

4| PBL Syntax

The Developing
4C Skills: Critical @
Thinking dan |

Collaboration

The STEM
element is
Mathematic

Figure 5. Material page Mathematic element.

Figure 5 demonstrates the guided inquiry
phase, where students analyze
mathematical relationships and patterns.
This module page shows the stages of
(PBL

activities that prove whether the trapezoids

guided inquiry syntax) through
presented are congruent or not. This activity
requires PBL skills such as identifying and
managing facts and data, making logical
arguments, and thinking critically. The STEM
in this

Mathematics, where students are required

elements evident activity are

to prove congruence using mathematical

concepts and theories as well as

generalizations based on mathematical
patterns. In addition, this activity develops
students' 4Cs: Critical Thinking, because
students are required to analyze data,
compare ratios, and examine the conditions
for congruence; and Collaboration, when

conducting joint investigations.

~
The Developing j PBL skills

4C skills: D

Creativity & , A _PBL Syntax
Communication =

The STEM element
is Engineering

Figure 6. Material page of Engineering element.

Figure 6 depicts the engineering stage,
focusing on designing and testing solutions.
This module page shows the stages of
developing and presenting solutions (PBL
syntax) through discussion activities.
Analyzing similar flat shapes by doing
practical activities requires PBL skills such as
making developing

logical arguments,

solutions, and scientific communication.
The STEM elements evident in this activity
are Engineering through designing and
compiling alternative solutions to problems
by conducting hands-on activities to prove
whether the flat shapes are similar. In
addition, this activity develops students'
4Cs, namely Creativity by creating models or
diagrams  to

prove  similarity  and

Communication by presenting solutions

logically.
- CO—>
877 *[rocsma |
]
The Developing
4c skills: .

The STEM
element s
Technology

Collaboration &
Communication

Figure 7. Material page of Technology element.
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Figure 7 presents the use of technology
QR-code-based This
module page shows the stage of Organizing

through quizzes.
Students for Learning (PBL syntax) through
a quiz activity where students are asked to
form groups to work on the quiz provided in
the QR code. This activity requires PBL skills
such as managing facts to solve the
problems given in the quiz. The STEM
elements evident in this activity are the use
of technology with the help of QR codes to
display questions, and then each student is
asked to scan the QR code. In addition, this
in students,
group
discussions to determine problem-solving

activity develops the 4Cs

namely  Collaboration through
strategies and Communication, which is

conveying an understanding of the initial

facts.
! The Developing
PBL skills -« AC skills:

Critical

| =i 20
PBLSyntax |4 \ Thinking &
\ ‘ Creativity

4 |
c_

Figure 8. Material page of Critical Thinking &
Creativity.
Figure 8 highlights the evaluation stage,
which

analysis, and creative problem-solving. This

emphasizes  reflection, critical
module page shows the Analyzing &
Evaluating Solutions stage (PBL syntax)
through activities that review the concepts
that have been discovered and answer
questions that trigger critical thinking, thus
requiring students to reflect on the lessons
they have learned. This activity develops 4C
skills, particularly Critical Thinking through
the evaluation of errors and assessment of
the effectiveness of solutions, as well as

through  the
The material

Creativity improvement

process. page presents a
description of Similarity integrated with the

STEM approach and the PBL model. The

student activity page contains group
activities to aid conceptual understanding.
The exercise page contains questions at the
end of each subchapter as a final evaluation,
while the page

additional independent or group activities

discussion provides
to deepen students' understanding with the
teacher acting as a facilitator.

These integrated learning stages ensure
that all components of 4C skills—critical
thinking, creativity, communication, and
collaboration—are systematically facilitated
during the learning process

At the development stage, the research
instruments were validated and the E-
tested for

Module was validity and

practicality. The results of instrument

validation are presented in Table 1.

Table 1.
Instrument Validation Questionnaire

No Research Percentage Category
Instruments
1 Material 95% Very
Validation valid
Questionnaire
2 Design Validation 93% Very
Questionnaire valid
3 Practicality 93% Very
Questionnaire by valid
Teachers
4 Practicality 93% Very
Questionnaire by valid
Students
5  Student Response 95% Very
Questionnaire valid
6 Critical Thinking 91% Very
Skills Test for valid
Students

Table 1 indicates that all instruments
achieved high validity levels, with
percentages ranging from 91% to 95%,
categorized as “very valid.” Specifically, the
material validation obtained a score of 95%,
and design validation reached 93%,
indicating that the e-module meets
academic and pedagogical standards.
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Furthermore, the practicality evaluation
showed that the e-module was rated as
“very practical” by both teachers (93%) and
students (93%). These results indicate that
the developed e-module is easy to use,
accessible, and supportive of effective
classroom learning.

After

validation, material validation was carried

obtaining instrument
out by material experts, which obtained a
percentage of 95% and was included in the
“Highly Valid” category. Design validation by
design experts obtained a percentage of
93% and was included in the “Highly Valid”
category. The practicality criteria of the
STEM-PBL-based E-Module
cultural context of Jambi to improve the 4C

using the

abilities of junior high school students in the
subject of similarity were assessed using a
practicality questionnaire for teachers and a
practicality questionnaire for students. The
practicality level assessed by teachers was
93%
Practica

and was categorized as “Very

I”. The level of practicality of the E-
Module by students was 93% and was
categorized as “Very Practical”. Next, a field
trial was conducted in class VII.1 MTs N 3
Batang Hari with 26 students, which was
carried out in 3 meetings and 1 meeting to
conduct a post-test. At the end of the
meeting, students were given a student
response questionnaire.

At the Implementation stage, learning is
carried out using STEM-PBL-based E-Modules,
which can be used as independent teaching
materials by students. Based on the E-Module
effectiveness data, the E-Module effectiveness
level obtained by students was 80% in the
“Effective” category, and the students' 4C skills
test N-Gain score was 0.70 or 70%. Based on
this, it can be concluded that the STEM-PBL-

based E-Module using the Jambi cultural
context in the topic of similarity can enhance
students' 4C skills.

answers, the 4C skills can be analyzed based on

Based on the students'

each competency that appears on the answer
sheet. The results of the analysis of the students'
answers are as follows:

duwunuin
2upbetn

D] Kuelu‘nw' sudurk Fersqg\ug,M a
Sudut furm

Neamnya
d e Vikwr AWt
G20 < o
4 j 0%\ Suetir v LI = 9
v = =80 (10490)
-~ %o a
Yo Mfoluk v ey

=¢o*

D)sadus §Madap=a duhi

VM VRTGRIGYL middunh
a4
2905
Va7
Do~ PiVie 3 dv\¢
4 guvnn

\uol §QPMak  Zpuf f
[ dang

Brzgrcn o K19 s
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Translation:
1. Given: opposite angle
Question: the other angleis? ~ Same-side exterior
opposite angles = 60° angles =
2. congruent angles = 2and 6
2and6 land 8
3and7 Vertical Angle =
2 and 4
land4
4and 8 6 and 8
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opposite angle = S and 7
3and5
4and 6 3. Given:
2and 8 one of the angles =
land?7 90
Same-side interior angles = 180 (40 + 90)
3and 6 =50
4and5

Figure 9. Results in solving problems.

Figure 9 show student work that
integrates all four elements of the 4Cs,
including: critical thinking is evident when
students identify “knowns—unknowns,”
draw intersecting parallel lines, label angles
1-8, then reason about the relationships
between angles (corresponding angles,
opposite interior angles, opposite exterior

angles, and opposite angles) and use the
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sum of the triangle’s angles, 180°, to obtain
the unknown angle (e.g., 180-(90+40)=50),
thus demonstrating a flow of reasoning
from data to conclusion; Creativity is
evident in the strategies of sketching,
coding numbers, and listing angle pairs as
independent ways to organize information
and check the possibility of more than one
relevant rule; Communication is evident in
writing down sequential steps, using
mathematical terms/symbols, and making
explicit calculations so that others can
follow the reasoning behind each decision;
Collaboration is reflected in the neat
numbering of angles and the list of pairs,
which facilitates cross-checking, assignment
of tasks (e.g., who checks opposite or
adjacent angles), and group discussion to
agree on the correct angle values.

The effectiveness of the STEM-PBL-based
e-module was evaluated based on students’
performance in the 4C skills test. The field
trial involving 26 students resulted in an
average post-test score of 86.9%, with an N-

gain value of 0.78, which falls into the high

category. Figure 9  llustrates a
representative  example of students’
problem-solving performance,

demonstrating the integration of critical
thinking, creativity, communication, and
collaboration skills. The overall results
indicate a consistent improvement across all
four  4C after  the

implementation of the e-module. These

components

findings suggest that the developed e-
module effectively enhances students’ 4C
skills in mathematics learning.

Analysis of the students’ responses to the
post-test items demonstrates a notable
improvement across all four components of

the 4C skills following the implementation

of the STEAM-PBL based
incorporating Jambi cultural contexts. The
STEAM-PBL based e-learning module that
integrates the cultural context of Jambi

e-module

shows a significant improvement in the four
components of 4C skills, according to an
analysis of student responses to post-test
questions. Students showed improvement
thinking by better
problems, finding important information,

in critical solving
and choosing the right solution strategies.
Students showed improvement in analytical
and evaluative skills, providing stronger
reasoning and demonstrating greater

accuracy in  formulating  conclusions
compared to the pre-test.

Similarly, students showed clear
progress in creative thinking, as reflected in
their ability to propose novel ideas, explore
alternative solution pathways, and produce
varied representations of their answers. The
learning intervention appears to have
their

cognitive processes, as evidenced by the

successfully  stimulated creative
change from stiff, single-pattern replies in
the pre-test to flexible and contextually
adaptive solutions in the post-test.

In terms of communication abilities, the
results show that students improved their
ability to communicate their ideas during
class discussions, explain  procedural
procedures, and articulate their thinking.
Their explanations were more organized
and understandable, suggesting that PBL's
participatory format fostered increased
confidence and clarity in the expression of
mathematical ideas.

During group activities, the growth of
cooperation skills was also evident. When
completing problem-solving assignments,

students showed improved coordination,
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more equitable task distribution, and more
involvement. Active listening, constructive
criticism, and mutual support are examples
of observable improvements in cooperation
dynamics that show how the STEAM-PBL
learning environment promoted more
significant cooperative participation among
students.

During the implementation stage, the
evaluation conducted was to ensure that
the

learning materials so that there were no

researchers delivered appropriate

misunderstandings and to ensure that the

learning process ran in accordance with the
teaching modules and learning designs that
the researchers had previously created. The
results of observations of learning
implementation while using the e-module
obtained an average score of 88.6%. The
researcher also observed the students'
their

understanding of the material through a

learning process and measured
post-test of their 4C skills. Quantitatively,
the results of the research on the 4C skills
shown in Table 2.

Table 2. Quantitative Results of 4C Skills

4C Components Average Pre- Average Post- Percentage of  N-Gain N-Gain Category
Test Score Test Score Completion
Critical Thinking 45.3 85.6 85.6% 0.75 Moderate
| Creative Thinking 49.6 81.2 81.2% 0.73 Moderate—High |
Communication 54.1 91.5 91.5% 0.86 Moderate—High
[ Collaboration 55.7 89.3 89.3% 0.78 High |
Total 51.175 86,9 86,9% 0.78 High

Table 2 presents quantitative results on
students’ improvement in 4C skills. Based on
Table 2, the average pre-test score across all
4C components was 51.18, which increased
to 86.90 in the post-test, indicating a
substantial the
implementation of the STEM-PBL-based e-
module.

improvement  after

In the critical thinking component, the
average score increased from 45.3 in the
pre-test to 85.6 in the post-test, with an N-
Gain value of 0.75, categorized as medium.
The creative thinking skill also showed a
notable improvement, with scores rising
from 49.6 to 81.2 and an N-Gain of 0.73
(medium—high category).

For communication skills, students’
average scores increased from 54.1 to 91.5,
resulting in an N-Gain value of 0.86, which
falls into the

medium-high category.

Similarly, collaboration skills improved from
an average pre-test score of 55.7 to a post-
test score of 89.3, with an N-Gain of 0.78,
categorized as high.

Overall, the total N-Gain value of 0.78
indicates a high level of improvement in
students’ 4C skills following the use of the
developed e-module

the that
incorporating STEAM-PBL into an e-module

Overall, findings  show
format increased students' broader 21st-
addition

producing quantifiable improvements in

century competencies in to
their performance on assessment tasks.
These results confirm that contextualized,
inquiry-driven digital learning materials can
their

interpersonal and cognitive skills in the

help students strengthen

classroom.
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The evaluation stage in this study was
carried out at each stage of development in
accordance with the ADDIE model to ensure
that the product, namely the STEM-PBL-
based E-Module Using the Cultural Context
of Jambi, met the criteria of being valid,
practical, and effective in improving the 4C
abilities of junior high school students. At
the analysis stage, the evaluation was
carried out after interviews that showed
learning gaps and a lack of focus among
students. Based on these findings, the
researcher designed more innovative and
efficient learning media to help students
understand the material, namely the STEM-
PBL-based E-Module with the cultural
context of Jambi.

During  the  development  stage,
researchers began compiling the E-Module
according to the design that had been
developed in the previous stage, then
conducted validation by a team of experts
to obtain comments and suggestions
related to the STEM-PBL-Based E-Module
Using the Cultural Context of Jambi in the
subject of Similarity. Input from experts
became the basis for improvements to
make the module more suitable for use.
After validation, researchers continued with
practical testing through individual and
small group trials. The input from this stage
was also used to evaluate and refine the E-
Module so that the final product was truly
ready and suitable for use in research.

During the implementation stage, the
evaluation conducted by the researchers
ensured that the learning material was
delivered appropriately, so that there were
no misunderstandings and that the learning
process ran in accordance with the teaching

module and learning design that the

researchers had previously created. The
results of observations of the learning
process while using the e-module obtained
an average score of 88.6%. The researchers
also observed the students' learning process
and measured their understanding of the
material through a post-test of their 4C
skills. Quantitatively, the results of the
research on the 4C skills are as follows:

The findings of this study demonstrate
that the STEM-PBL-based
integrated with the cultural context of Jambi

e-module

effectively enhanced students’ 4C skills.
Rather than merely presenting quantitative
improvements, these results can be
understood through the theoretical lens of
constructivist  learning,  problem-based
learning, and culturally relevant pedagogy.
The relatively high N-Gain value (0.78)
obtained in this study indicates a substantial
improvement in students’ 4C skills. When
compared with previous studies on STEM-
PBL-based learning materials, this result is
comparable to or slightly higher than
reported gains. For instance, Purnamasari et
al. (2020) and Kurniati et al. (2021) reported
medium to high N-Gain values (0.60—-0.75)
in STEM-PBL-based e-modules focusing
primarily on critical thinking skills. Similarly,
Rohmatulloh et al. (2023) found an N-Gain
of approximately 0.72 in problem-based e-
high
mathematics. The higher N-Gain achieved in
that the

integration of STEM-PBL with local cultural

modules  for  junior school

the present study suggests
contexts may provide added value by

increasing  student engagement and
contextual relevance, thereby supporting
deeper learning.

From a theoretical perspective, the

improvement in critical thinking skills can be
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explained by the problem-oriented

structure of STEM-PBL, which requires
students to identify problems, analyze
information, and evaluate solutions

systematically (Hacioglu & Gulhan, 2021).
that
students were more actively involved in

Classroom observations showed

identifying known and unknown
information, drawing representations, and
justifying their reasoning during problem-
solving activities. This finding aligns with
constructivist theory, which emphasizes
knowledge construction through active
cognitive engagement and social
interaction.

The development of creativity was
supported by open-ended project tasks
embedded in the e-module. Students were
encouraged to explore multiple solution
strategies and produce varied
representations, such as sketches, models,
and alternative reasoning pathways.
Observational data indicated that students
who initially relied on single-solution
approaches began to demonstrate flexibility
and originality in their responses. This
supports previous findings that STEM-
integrated learning environments can foster
creative thinking by allowing students to
experiment and iterate solutions (Jonsson
et al., 2020; Gustiningsi et al., 2024, 2025;
Thornhill-Miller et al., 2025).

Improvements in communication and
collaboration skills were closely related to
the collaborative nature of PBL activities.

Group discussions, presentations, and

shared problem-solving tasks required
students to articulate their ideas and
negotiate solutions with peers.

Observations revealed increased student

participation, clearer verbal explanations,
and more balanced role distribution within
groups compared to the pre-research stage.
These with
Vygotsky’s theory,

findings are  consistent

social development
which emphasizes the role of social

interaction and language in cognitive
development (Remorosa et al., 2024), as
that PBL

collaborative

well as studies indicating

environments enhance
competencies.
cultural

The integration of Jambi’s

context played a critical role in
strengthening students’ engagement and
meaningful

learning. By situating

mathematical concepts within familiar
cultural elements, such as local monuments
and environmental contexts, students were
able to relate abstract concepts to real-life
experiences. This finding supports culturally
pedagogy, that

learning becomes more effective when

relevant which  posits

students’  cultural  backgrounds are

acknowledged and incorporated into
instructional materials (Izzania et al., 2024).
In the context of mathematics education,
such integration not only enhances
cognitive outcomes but also promotes
positive learning attitudes and cultural
awareness  (Pasaribu,  Gustiningsi, &
Nusantara, 2025).

From an educational perspective, these
imply that STEM-PBL-based e-

modules with local cultural integration can

findings

serve as an effective instructional strategy
to support the development of 21st-century
skills in junior high school mathematics.
Teachers can utilize such digital learning
materials to move beyond procedural
teaching and foster higher-order thinking,
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creativity, communication, and

collaboration. Moreover, this approach
aligns with current curriculum demands that
emphasize contextual, student-centered,

and technology-enhanced learning.

IV. CONCLUSION

The results of the study show that the
STEM-PBL based E-Module developed
through the ADDIE model has a very high
level of feasibility. The validity of the module
reached an average of 93%, with a score of
92% in terms of material and 94% in terms
of design, indicating that the content and
structure meet academic and pedagogical
standards. In terms of practicality, individual
trials scored 92% and small group trials
scored 89%,
practicality score of 90.5% and indicating

resulting in an average
that the module is easy to use and supports
effective learning flow. Observations of the
learning process also resulted in a score of
88.6%, indicating that the implementation
of the module went very well in accordance
with  the  STEM-PBL
effectiveness of the module can be seen
from the 4C skill score gain of 0.78 (high

category) and the positive response of 80%

syntax.  The

of students. Overall, this E-Module has been
proven to be valid, practical, and effective,
as well as an innovative solution for
developing 4C skills through the integration
STEM-PBL in the
Indonesian educational environment.

The findings of this study indicate that

the integration of STEM-PBL learning in

of context-based

electronic modules has great potential to

improve students' higher-order thinking

skills, especially in junior high school

geometry. The combination of contextual
problem

solving, cross-disciplinary

activities, and student-centered learning
strategies has been proven to strengthen
critical thinking, creativity, communication,
and collaboration skills. However, this study
has limitations in terms of the small number
of subjects and its focus on a single topic
level. To broaden the
generalization, further research is
recommended to apply the STEM-PBL E-

Module to other mathematics materials

and grade

with a more diverse sample. Longitudinal
studies are also needed to examine the
long-term impact of the module on

cognitive  development and learning
independence. Overall, this study makes an
important contribution to educators and
media developers in designing innovative
digital learning resources that meet the

demands of the 21st century.
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