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Article Info Abstract
Article history: The creative thinking ability of students in physics learning is still relatively low,

especially because the strategies, methods or learning media are less varied and
do not involve students actively in the learning process. This study aims to
determine the effect of project-based learning physics e-modules on students’
creative thinking abilities. This study is a pre-experimental study using a one
group pretest-posttest design. The sample consisted of 90 students selected
using the purposive sampling technique. This project-based learning physics e-
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Creative Thinking seen from the results of the n-gain test to the three schools, an average n-gain of
E-Module 0.71 was obtained in the high category. Based on the interpretation of the
Project Based Learning effectiveness of the n-gain value of 71% obtained, it is classified into the fairly

effective category. And seen from the hypothesis test, it produces sig. <0.05.
This study has implications for the effectiveness of students' creative thinking
abilities because of the influence of project-based learning physics e-modules.
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INTRODUCTION

Physics education today follows the 21st-century paradigm, aiming to develop students’
critical thinking, creativity, collaboration, and communication skills, enabling them to become high-
quality human resources (Hidayat et al., 2019; Rosnaeni, 2021). Physics is a branch of science that
plays a crucial role in life and technology (Pratiwi et al., 2019). One of its key aspects is fostering
creative thinking skills through problem-solving exercises, rather than merely learning physics
formulas (Ridwan et al., 2021).

Creative thinking skills are essential for today's generation. These skills need to be developed
to anticipate rapid changes in life, allowing individuals to compete effectively. Additionally, creative
thinking is crucial in the learning process so that students become accustomed to solving various
problems they encounter (Rahmawati, 2022). Creative thinking skills have several indicators,
including fluency, flexibility, originality, and elaboration (Anisa et al., 2023; Almeida et al., 2008;
Fiteriani et al, 2021). Through creative thinking, students can develop an understanding or
generate ideas to find new solutions to problems. This thinking process also fosters students'
curiosity in problem-solving (Mardhiyana & Sejati, 2016). However, students' creative thinking
skills remain low. Some contributing factors include teacher-centered learning strategies (Suharno
et al., 2022). Teachers often deliver material through lectures and then assign problem-based tasks
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or evaluations, while students act as passive listeners. Additionally, teachers frequently use
textbooks and worksheets that do not sufficiently support the enhancement of creative thinking
skills (Hartati et al., 2021).

One approach to improving creative thinking skills is through the Project-Based Learning
(PjBL) model (Diastuti et al.,, 2024; Yamin et al., 2020; Yuberti et al., 2024). Project-Based Learning
is an instructional model that helps students explore, assess, interpret, synthesize, and gather
information from various sources to create a creative product. This learning model applies real-life
problem-solving as a means to develop creativity and problem-solving skills (Maysyaroh &
Dwikoranto, 2021). By engaging in project assignments, students become more actively involved in
the learning process (Haryanti & Saputra, 2019).

However, the success of PjBL in fostering creativity heavily depends on the teaching
materials used. One instructional material that can effectively support PjBL implementation is the
e-module. E-modules assist teachers in facilitating student learning (Asrial et al., 2020; Diani et al.,
2021; Yunita et al., 2024). An e-module is an electronic module that operates on a computer. It can
display text, images, animations, and videos in an electronic format. Technological advancements
have also made it possible for e-modules to be accessed via smartphones (Diani et al., 2019; Laili et
al,, 2019). Another advantage of e-modules is their ability to reduce paper usage in the learning
process (Zinnurain, 2021). This provides an alternative learning medium that students can access
flexibly, anytime and anywhere.

PjBL-based e-modules offer various learning experiences by shaping students' roles and
responses to different ideas while solving problems, ultimately improving their learning outcomes
and creating a conducive learning environment. One effective instructional method is PjBL-based
learning, where e-modules are equipped with materials, images, and videos that make learning
resources more accessible and easier to understand. PjBL-based learning has significant potential
to make learning experiences more engaging and meaningful for students while enhancing their
scientific performance in lessons. Meanwhile, teachers serve primarily as facilitators (Sukackeé et al.,
2022) and mediators (Amaral, 2021).

Research on Project-Based Learning, whether using e-modules or just the learning model
itself, has been widely conducted. Some examples include The Development of a Project-Based
Learning Physics Experiment E-Module (Hayati & Fauziah, 2023), Local Wisdom-Based E-Module
with Project-Based Learning Model: Enriching Energy Topic in Physics Learning (Widayanti et al.,
2022), Development of a Project-Based Learning Module on Static Fluids to Enhance Students'
Creativity in High School Physics (Novianto et al., 2018), and The Effect of Project-Based Learning
on Students' Creative Thinking Skills in Biology (Altatri & Ardi, 2024). However, among these
studies, there has been no research specifically focusing on the impact of a physics e-module based
on Project-Based Learning (PjBL) on students' creative thinking skills. Therefore, this study aims to
investigate the effect of implementing a PjBL-based physics e-module on enhancing students'
creative thinking skills.

METHOD

This study is a pre-experimental research with a one-group pretest-posttest design
(Sugiyono, 2015) aimed at measuring the impact of using a Project-Based Learning (PjBL)-based
physics e-module on students' creative thinking skills. The research subjects consisted of 90
students from three schools: SMAN 1 and SMAN 2 Gedong Tataan, and SMA Persada Bandar
Lampung. The participants were selected through purposive sampling based on their previous
academic performance and recommendations from physics teachers.

The instruments used in this study included a creative thinking skills test, observation sheets,
and structured interviews. The creative thinking skills test measured four indicators: fluency,
flexibility, originality, and elaboration, using project-based questions that encouraged innovative
solutions to physics problems. The observation sheets were used to monitor students' engagement
during learning sessions and the implementation of the PjBL-based e-module, focusing on active
participation, teamwork, and responses to project challenges. Additionally, structured interviews
were conducted to gather feedback from students and teachers regarding the effectiveness of the e-
module in enhancing creativity.

34 | Smart Society : Community Service and Empowerment Journal



Smart Society : Community Service and Empowerment Journal

Diani et al. | The Influence of Physics E-Modules...

The collected data were analyzed using several statistical techniques. Descriptive analysis
was employed to describe the pretest and posttest scores and data distribution. The Shapiro-Wilk
normality test was conducted to ensure that the pretest and posttest data followed a normal
distribution. The N-Gain test was used to measure the improvement in creative thinking skills after
using the e-module, categorized as high (g > 0.7), moderate (0.3 < g < 0.7), or low (g < 0.3).
Additionally, a Paired Sample T-Test was conducted to determine the significance of the differences
between pretest and posttest results.

RESULTS AND DISCUSSION

The measurement of students' creative thinking skill development was conducted through
pretest and posttest assessments. The pretest results provide an initial overview of students'
creativity levels across several indicators, while the posttest results indicate improvements after
the learning intervention. The analysis of the pretest results from students in the three schools
involved in the study is presented in Table 1.

Table 1. Pretest Results
Average Creative Thinking Ability (%)

School Fluency Flexibility Originality Elaboration
SMAN 1 47% 41% 42% 42%
SMAN 2 51% 50%% 46% 42%
SMA Persada 51% 43% 39% 42%

Based on Table 1, the pretest results indicate that students' creative thinking ability is still
within the "moderately creative" category, with an overall average of 44%. When analyzed by each
indicator, fluency has the highest average (49%), followed by flexibility (44%), originality (42%),
and elaboration (41%). This data suggests that students are relatively more capable of generating
various ideas (fluency), but they still struggle with developing ideas that are more flexible, original,
and detailed. Additionally, there are differences in scores between schools, although the overall
results remain relatively similar. The low pretest scores indicate that students are not yet
accustomed to learning activities that stimulate their creativity. Therefore, an intervention in the
form of more innovative learning, such as the use of a Project-Based Learning (PjBL)-based e-
module, is necessary.

The following are the average posttest scores of students' creative thinking abilities after
learning with the PjBL-based physics e-module to enhance their creative thinking skills, as shown
in Table 2.

Table 2. Posttest Results
Average Creative Thinking Ability (%)

School Fluency Flexibility Originality Elaboration
SMAN 1 91% 83% 77% 82%
SMAN 2 86% 85% 79% 82%
SMA Persada 88% 89% 88% 89%

The posttest results presented in Table 2 show a significant improvement in students’
creative thinking abilities after using the Project-Based Learning (PjBL)-based e-module. The
average posttest score reached 84%, which falls into the creative category. This improvement is
evident in each indicator, where fluency increased from 49% to 88%, flexibility from 44% to 86%,
originality from 42% to 80%, and elaboration from 41% to 81%.

When comparing between schools, SMAN 1 showed the highest improvement in fluency
(91%), indicating that students became more fluent in generating ideas. Meanwhile, SMAN 2
exhibited more balanced development, particularly in flexibility (85%) and elaboration (82%),
demonstrating that students improved in thinking flexibly and detailing their ideas. SMA Persada
showed consistent growth across all indicators, especially in originality (88%), reflecting students’
ability to generate unique and innovative ideas.
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Overall, these results indicate that the PjBL-based e-module is effective in enhancing
students' creative thinking skills. The increase across all indicators suggests that this learning
method helps students generate ideas fluently, think flexibly to solve problems, create original
ideas, and elaborate on concepts more effectively. To quantitatively measure the effectiveness of
this improvement, an N-Gain test was conducted to assess the increase from pretest to posttest. The
analysis results are presented in Table 3.

Table 1. N-Gain Test Results

No Indikator Rata-rata nilai N-gain per indikator Kategori

1 Fluency 0,77 High
2 Flexibility 0,75 High
3 Originality 0,66 Sedang
4 Elaboration 0,68 Sedang
Rata-Rata 0,71 Tinggi

Based on the N-Gain analysis, the average score for fluency reached 0.77, followed by
flexibility (0.75), originality (0.66), and elaboration (0.68).

Across the three schools (SMAN 1 Gedong Tataan, SMAN 2 Gedong Tataan, and SMA Persada
Bandar Lampung), the average N-Gain score was 0.71, which, when converted to percentage, equals
71%, falling into the high category. According to the effectiveness interpretation of N-Gain scores,
71% is classified as moderately effective. To ensure that the students' creative thinking ability test
results can be analyzed using parametric statistical methods, a normality test was conducted. This
test determines whether the pretest and posttest data distribution is normal. The results of the
Shapiro-Wilk normality test are presented in Table 4.

Table 2. Normality Test Results

Tests of Normality
Shapiro-Wilk

Statistic df Sig.
Pre-Test 978 90 125
Post-Test 973 90 .061

Based on the Shapiro-Wilk normality test results, the significance value for creative thinking
ability in the pretest is 0.125, and for the posttest, it is 0.061. Since both values are greater than
0.05, it can be concluded that the data is normally distributed. To determine the significant
difference between the pretest and posttest results, a Paired Sample T-Test was conducted, as
shown in Table 5.

Table 3. Paired Sample T-Test Results

Paired Samples Test
Paired Differences
95% Confidence

Mean Std. Std. Error Interval of the t ifle[j)
Deviation Mean Difference
Lower Upper
Pair 1 PRETEST - -15.74444 4.44836 46890 -16.67614 -14.81275 -33.578 89 .000

POSTTEST

Based on the Paired Sample T-Test results, the mean difference between the pretest and
posttest scores is -15.7444, with a significance value of 0.000 (p < 0.05). This result indicates that
the use of the PjBL-based physics e-module has a significant effect on improving students' creative
thinking abilities. To further analyze the relationship between the Project-Based Learning (PjBL)
syntax and the creative thinking ability indicators, refer to Table 6.

36 | Smart Society : Community Service and Empowerment Journal



Smart Society : Community Service and Empowerment Journal

Diani et al. The Influence of Physics E-Modules...
Table 4. Relationship Between PjBL and Creative Thinking Ability Indicators
No Sintak PjBL Indikator Keterkaitan
1 Starting with a Fun_damen'tal Question  Fluency Helps students develop fluency in

PERTANYAAN

MENDASAR?

-
(debrll diatas menampilkan seseorang yav‘»g‘.
| terlihat sangat kepanasan di dalam mobil. Apa !
1 pendapat kalian tentang gambar tersebut?
1 Menurut kalian, apa yang menyebabkan orang !
:dalam gambar merasa begitu panas di dalam
\\mob-l’

e s i e

2 Project Planning

MENYUSUN PERENCANAAN
PROYEK

Buatlah alat perags sederhana bersama kelompok
kalian yang dapat memvisual'sasikan cara kerja
efek rumah kaca di atmosfer Bumi

ALAT DAN BAHAN:

* Kotak Transparan s Lem

* Kardus « senter/lampu pljar ateu
« Gunting sejenisrya

* Kertas Origami/ Spidol/cat « Tambahan lainnya
LANGKAH-LANGKAH:

+ Buat Dasar Kota: Potong kardus sesusi dengan
ukuran yang adiinginkan untuk menjadi dasar kota

+ Bual Gedung-Gedungan: Gunakan kerlas karten
atau papan tipis untuk membuat gedung-gedungan,
Anda bisa membuat bangunan bertingkat dengan
menumpuk beberapa lapisan karton. Anda bisa
memberi warna atau menghias gedung-gedungan
untuk menambah keceriaan.

« Atap Efek Rumah Kaca: Potong plastik bening atau
transparan sesuai dengan bentuk dan ukuran atap
gedung. Tempelkan atau sematkan atap transparan
di atas gedung-gedungan

generating various ideas, perspectives,
and diverse, relevant solutions.

e  Fluency
e  Flexibility
e  Original

Fluency: The e-module provides various
resources, project examples, and
guidelines that can stimulate the
emergence of numerous ideas from
students. Through interactive materials
and structured activities, students are
encouraged to generate multiple ideas in
project planning, thereby enhancing their
fluency in idea generation.

Flexibility: During the planning stage, the
e-module helps students explore various
approaches and solutions for their
projects. By offering options for tools,
materials, and step-by-step instructions,
students are encouraged to think flexibly,
shift perspectives, and use different
methods to  solve  project-related
problems.

Originality: The e-module provides space
for students to develop unique and
original ideas in their projects. For
example, through creativity-challenging
tasks or collaborative features that
facilitate brainstorming, the e-module
encourages students to create solutions
and designs that have never existed
before.

3 Scheduling
AR

* Letakkan gedung-gedungan di atas dasar kota,

tata sedemikian rupa sehingga representatf

sebagai suatu kota.

« Tempatkan lampu pemanas atau senter di
dekat atau di antara gedung-gedungarn.

« Nyalakan lampu pemanas atau senter untuk
memberikan panas di dalam "kota"

() fousexcemmrioe

« Parancangan Proysk
S el 85 Merit

Lerijut Pangeraan

Proyek 85 Menit
Pelagoran Hest

Fluency

The e-module acts as a facilitator that
helps students determine their project
planning time smoothly and
systematically.
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4 Monitoring

MEMONITORING KEMAJUAN
PROYEK

Guru memonitoring peserta didik dari
perancangan proyek sampai pelaporan
proyek. lika selama proses pengerjaan
ada kesulitan silahkan bertanya kepada

guru kalian.

Fluency
Flexibility
Original
Elaboration

Fluency: The e-module provides real-time
project monitoring features, such as
automated checklists. These features help
students generate many ideas for
adjusting or improving their projects
based on current progress. The ability to
update and modify projects quickly
facilitates idea fluency in responding to
changes or challenges during the project.

Flexibility: The e-module allows students
to explore various options for overcoming
obstacles during the project. Features like
rescheduling, customizable resource
allocation, or alternative solutions
encourage flexible thinking. Students can
adjust their project approach when issues
arise, enhancing their adaptability to
dynamic situations.

Originality: While monitoring progress,
students can reflect on and assess their
creativity throughout the project. They can
review and refine original ideas based on
project findings, fostering the
development of unique and innovative
concepts to enhance their work.

Elaboration: The e-module supports
students in elaborating on or expanding
their initial ideas by providing tools for
documenting  project details more
comprehensively. Features such as
automated reports or multimedia
integration enable them to expand and
simplify project aspects, explain each step
more thoroughly, and enhance overall
project development.

Presentation and Publication of Results

PRESENTASI DAN HASIL
PROYEK

Setelah semua kelompok selesai mengerjakan proyek,
silahkan masing-masing kelompok mempresentasikan
hasil karyanya ke depan teman-teman yang lain!

Fluency
Flexibility
Original
Elaboration

Fluency: Presenting results allows
students to express many ideas fluently,
sharpening their ability to communicate
project outcomes effectively.

Flexibility: During presentations and
publications, students are required to
think flexibly, view problems from

different perspectives, and provide
alternative solutions in their
presentations.

Originality: The process of publishing
results requires students to demonstrate
originality in the products or solutions
they present. They must showcase unique
and creative ideas that offer novelty or
differentiation in their final project
outcomes.

Elaboration: In presentations, students
must be able to elaborate on their ideas in-
depth, explain complex details, and
provide a comprehensive explanation of
how they achieved their project results.
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6 Evaluation e  Fluency Fluency: In the evaluation stage, students
EVALUASI e  Flexibility are encouraged to reflect on their project
_ processes and outcomes. Fluency skills are
§ rcnz:;a::::‘agr;an da: al’::;uman 5223 developed as students can express various
kalianklhadapi saat proses pengerjaan responses or ideas smoothly about what

proyek!

they have learned, the challenges they

faced, and the solutions they adopted
_ during the project. Evaluation provides an
e opportunity for students to speak freely

and share diverse perspectives on their
learning experiences.

Flexibility: During evaluation, students are
also expected to think flexibly, adjusting
their thoughts based on received criticism,
suggestions, or feedback. They must be
able to consider different approaches or
new ways to solve problems encountered
during the project and remain open to
changes and improvements.

The significant improvement in posttest results indicates that the use of a PjBL-based e-
module helps students develop their creative thinking skills. The PjBL model enables students to be
more active in designing projects, conducting explorations, and finding innovative solutions (Nastiti
et al., 2023). Other studies have found that PjBL is effective in enhancing students' creative thinking
skills in the context of Newton's laws of motion (Safitri & Suparwoto, 2018). However, compared to
previous studies that focused solely on the PjBL aspect without incorporating digital technology,
the findings of this study suggest that combining PjBL with a digital-based e-module yields more
optimal results in enhancing students’ creativity. The advantage of e-modules lies in their ability to
present material interactively with animations, videos, and simulations, making learning more
engaging for students (Dewi et al., 2019; Venkatesan et al., 2023).

Although this study shows positive results, there are several limitations to consider, such as
time constraints due to the need to align with other physics topics, student absences due to illness,
permission, or truancy, and a lack of discipline in bringing tools and materials for project work.
Future research is recommended to explore the impact of PjBL-based physics e-modules on other
skills, such as collaborative skills, problem-solving abilities, or digital literacy.

CONCLUSION

The physics e-module based on Project-Based Learning (PjBL) is effective in enhancing
students' creative thinking skills, as evidenced by the N-Gain test results from three schools, which
showed an average N-Gain of 0.71, categorized as high. Based on the interpretation of the
effectiveness of the 71% N-Gain score, it falls into the moderately effective category. Furthermore,
the hypothesis test resulted in a significance value (sig.) of < 0.05, indicating a significant difference
in students' creative thinking skills before and after using the PjBL-based physics e-module. Future
research can explore the implementation of PjBL-based physics e-modules in improving other
skills, such as critical thinking, collaboration, or problem-solving. Additionally, further analysis of
the e-module's effectiveness across various physics topics and its impact on students' motivation
and engagement would be an interesting area of study. The integration of other technologies to
support project-based learning could also be investigated to further enrich educational innovations.
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